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PREFACE 

The writer has had the privilege of being acquainted with the well­
known German-born parasitologist Dr. HANS ROTH (1905-1951) since 

1933, in which year Dr. RoTH arrived in Denmark with his family. 
In this country and in Sweden, where he stayed as a refugee during the 
years 1943-45, he published all his parasitological works. He especially 
acquired a name as a thorough specialist in problems connected with 
the nematode Trichinella spiralis. He had, however, a broad knowledge 
of, and was actively engaged in, other fields of parasitology as well. 
(For a bibliography, see Vidensk. Medd., Dansk Naturh. Foren. 113, 
pp. VII-IX, 1951). In 1949 he became a Danish citizen. 

As in the year 1947 severe epidemics resembling typhoid fever 
which had broken out in Greenland, turned out to be trichinosis, 
it was a matter of course that Dr. ROTH was entrusted with the investi­
gation of the distribution of the worm in various mammals in Greenland. 
On his initiative an extensive collection of meat samples from a variety 
of animals was organised by the Greenland Department, and the samples 
were examined by Dr. RoTH personally or under his supervision. Because 
of his deplorable premature death due to a heart failure, he was only 
able to treat a minor portion of the immense material, while the greater 
part was examined by his widow, Mrs. URSULA RoTH, who, however, 
was all too soon to follow her husband in death, leaving behind a young 
daughter and a son. 

Mrs. ROTH asked me, as a parasitologist of her acquaintance, to 
give a review of the whole material before the 14th International Congress 
of Zoology in Copenhagen in 1953. Owing to the familiarity with the 
subject which I had thus acquired, the Greenland Department asked 
me to write the final paper on the results of the investigations of the 
many meat samples. The work on this unique material has been very 
interesting. I have endeavoured to treat it as painstakingly and exhaus­
tively as, I am certain, Dr. ROTH would have done it himself. 

J agtfondens Vildtbiologiske Undersogelser. HOLGER MADSEN. 
Universitetsparken 15, Copenhagen, 0. Denmark. 
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INTRODUCTION 

Some large outbreaks of a typhoid-paratyphoid fever-like disease 
among the population of West Greenland in 1947 were diagnosed as 
trichinosis (371, 372). These, as well as former and later outbreaks 
together with simultaneous outbreaks among human beings in the 
Canadian Arctic and Alaska have been described together with the results 
of several serological surveys on the prevalence of trichinae (73-76; 
93-94; 157-158; 302-303; 342, 399). Further outbreaks in West 
Greenland have occurred in 1949, 1953 and 1959. 

At the time these outbreaks came as a great surprise. The following 
story (303) is typical of the situation: "La conception assez etroite 
que l' ours blanc, dans son pays arctique, devait etre tout a fait 
exempt de ce parasite redoutable (Trichinella s p iralis), fut , en 1932 
mise en lumiere par un evenement caracteristique. Une expedition 
cinematographique qui se trouvait au nord du Groenland avait amene 
un ours blanc du jardin zoologique de Hambourg. Alors que !'expedition, 
son travail termine, devait rentrer, on voulut mettre en liberte l'animal, 
mais les autorites du Groenland l'interdirent, craignant qu'un tel ours, 
venant de captivite, puisse disseminer la trichinose au Groenland. C'est 
pourquoi on a du tuer l'animal et jeter le cadavre a la mer". 

However our knowledge of the occurrence in the Arctic of Trichinella 
spiralis was actually of an earlier date, for already in 1934 (276), this 
nematode was found in the polar bear and the arctic fox in the Eastern 
Canadian Arctic. The hypothesis was even advanced that walruses and 
seals might be infected, and thus occasion outbreaks, which might pre­
viously have been taken to be cases of meat poisoning 1). 

The occurrence in the Arctic of Trichinella was corroborated by the 
finding (211) of the worm in the same animals, in the zoological garden 

1) It may be appropriate here to quote (348, p. 449): "the death of several 
persons apparently from eating beluga (white whale) meat. Cases of this kind are , 
in an offhand way, explained by whalers, etc., as cases of ptomaine poisoning. 
This can hardly be so, for the cases known to me have all involved the eating of 
fresh-killed beluga, with one exception--. It seems likely to me that the disease 
is rather in the nature of Trichinosis than of the type of ptomaines". This report 
is from the Arctic coast of Alaska . 
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of London, under such circumstances that an infection outside of the 
Arctic would be out of the question. The present author (227) suggested, 
with reference to the above-mentioned paper, an investigation of carni­
vorous mammals in Greenland. That these papers have been forgotten , 
appears from the fact that they were not cited in GouLn's (1945) recent 
monograph on trichinosis. A paper (196), reporting trichinae in a polar 
bear which had only stayed for a few days in Moscow's zoological garden, 
was not noticed either. This recent knowledge throws new light on the 
common finds of Trichinella in polar bears in zoological gardens. 

As soon as the cause of the outbreaks became clear, a collection 
of meat samples from animals in Greenland was organized by the Green­
land Administration. (For details see p. 11). The collecting was con­
cluded in 1953. The examination of the samples was undertaken by 
professional trichina inspectors and was supervised at first by Dr. HANS 
ROTH, later owing to his premature death in 1951 , by his widow, Mrs. 
URSULA RoTH, who was herself a professional inspector. He published 
a preliminary report in "Nature", 1949 (301), and gave more details 
in 1950 (303), when before the 18th session of the " Office International 
des Epizooties", in Paris, he reported upon some 1,500 out of the final 
total of about 10,200 samples. A brief preliminary report on the total 
material was given by the present author to the 14th International 
Congress of Zoology, in Copenhagen, 1953 (304) (see Preface). In this 
presentation the main conclusions of Dr. RoTH were corroborated, even 
though some of his views had to be modified in the light of fresh evi­
dence. The most striking result of Dr. RoTH's work was the first proof 
that Trichinella spiralis may occur in marine mammals. 
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MATERIAL AND METHODS 

It was endeavoured to obtain samples from all mammals which 
might be imagined to be potential hosts. Therefore, a number of her­
bivorous mammals were also investigated, because of the well-known 
fact that under arctic conditions these animals may also devour meat. 

It took some time and experience before the sending in of speci­
mens became satisfactory. Representing the Greenland Administration 
(Ministeriet for Gronland) , Mr. PH. RosENDAHL finally issued very 
detailed instructions, in Greenlandic and Danish, to the various admini­
strative bodies and to the health officers in Greenland. The Greenland 
version was to be posted in the shops (which were, at the time, all govern­
mental). 

The instructions gave details as to the species wanted, how and from 
which parts of the animal the samples should be taken, etc. At the same 
time consecutively numbered aluminium tags were distributed. The 
approximate number of samples wanted from the various places were 
indicated, and partly regulated by the number of tags issued. 

The municipal councils were instructed to inform the population 
of the problems of trichinosis, to give instructions regarding disposal 
of carcasses (careful burying), to encourage the hunters to collect samples 
and to make known where to deliver them. It was recommended that 
hunters living far from the shops should dry the samples before delivery. 
The managers of the shops were ordered to receive, tag, salt, and further 
handle the samples and to keep lists on printed forms, following the num­
bers of the samples. 

The information wanted , printed on the forms , was the following: 
species of animal; name of the collecting hunter; locality, and, if possible, 
date of sampling. For dogs furthermore: approximate age; whether it 
had died by accident or from disease or it had been killed because of 
disease (especially, suspected distemper or rabies) or weakness. 

The samples were to be treated by the managers of the shop in 
the following way. After being wiped off, the tagged samples, irrespective 
of the species, should be put into boxes (empty sugar or condensed milk 
boxes) and covered with salt. When the box was full, it had to be marked 
with the name and number of the settlement, the name of the district, 
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and the designation "meat samples" and be sent, together with the 
lists to the district head, who had to take care of the safe shipment to 
Copenhagen. 

Certain fees per sample were paid, to the hunters and the officials 
at the shop, sufficiently high to maintain their interest in the sampling. 
When tags were running short new ones would be sent on request. 

The samples were taken from various parts of the musculature, 
in the case of the terrestric carnivores generally from some limb, in 
the case of the seals from the diaphragm. The comparatively few samples 
from rodents and ermines were taken from the masseter. Many additional 
samples were collected from hides and skulls including several samples 
from museum-specimens. 

Upon their arrival in the laboratory (Hygienic-Bacteriological In­
stitute (Chief: Professor AAGE JEPSEN), Royal Veterinary and Agri­
cultural College, Copenhagen), the samples were soaked in hot water. 
Subsequently, small pieces were cut off and soaked in a 5 °lo KOH 
solution. 

The samples were examined according to the compression method, 
compressors of the German type being used (see e. g. 136, p. 171, fig. 
110- 111). As a rule 2 compressors full were prepared from each sample, 
comprising 28 cuts each, thus a total of 56 cuts, corresponding to about 
1 g of meat examined. If many parasites were present, only one compressor 
was counted. Each compressor was examined twice with painstaking care 
under the microscope , and then inspected once more in the trichinoscope. 

Owing to Dr. RoTH 's comprehensive knowledge of Trichinella , 
it was possible, within certain limits, to estimate the age of the infection 
in terms like "2-4 months, 1 ½ months, 3-4 months, 6-12 months; 
about a year, several years", etc. These age determinations were arranged 
by me in two groups. One comprising those of 3 months or less, termed 
"young infestations" , and those of one year or more, termed "old in­
festations", e. g. "6--12 months" being referred to this latter and, say, 
"3-6 months" to the former group. Furthermore , the observable 
occurrence of more than one infestation was indicated. A considerable 
number of capsules were measured. This material will be treated in 
Appendix 2, p. 90. 

Some Major Results of the Investigation in Greenland. 

It will appear from table 1 that in all essentials the total material 
corroborates the results arrived at by Dr. RoTH. The dogs are heavily 
infected, viz. more than 60 per cent of all the samples. As will appear 
from the more detailed discussion under the heading of the individual 
host species, this estimate of the infection of the dogs is actually too 
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Tabl e 1. 

Material treated 
by Hans Roth Total Material 

Species of host 
Number I N b I Percent- Number I N b I Percent-. . um er . . um er 
mvest1- ·r age mvest1- positive a?~ 
gated posi ive positive gated pos1t1ve 

Dog (Ganis familiaris) ...... . .... 227 151 66.5 956 591 61.9 
Polar bear {Thalarctos maritimus) . . 112 31 27.7 231 56 24.2 
Arctic fox ( Alopex lagopus) . . .. ... 264 3 1.1 1743 25 1.4 

Walrus (Odobaenus rosmarus) ..... 207 2 0.9 489 5 1.0 
Bearded seal (Erignathus barbatus). 56 1 1.8 245 2 0.8 
Ringed seal ( Phoca hispida) ... . .. 52 1 1.9 1775 1 0.06 
Seals, undetermined .. . .. . . ... . ... 99 0 0 1657 1 0.06 

Bladdernose (Cystophora cristata) .. 59 0 0 203 0 0 
Harp seal ( P agophilus groenlandicus) 40 0 0 2405 0 0 
Spotted seal ( Phoca vitulina) . ... . . - - - 25 0 0 
N arw ha! ( M onodon monoceros) . ... 4 0 0 53 0 0 
White whale (Delphinapterus leucas) 91 0 0 235 0 0 

low. This tremendous level of infection is not by far reached by any 
other animal (this statement, also, will have to be modified somewhat 
later on). Still, the polar bear shows a high percent of infection, every 
fourth bear being infected. The arctic wolf is rare in Greenland to-day 
and no fresh material has been available. Dr. RoTH collect ed samples 
of muscle tissue from four hides in the collections of the Zoological 
Museum in Copenhagen. Two of these samples proved positive, indicating 
a high level of infestation in this animal too. Compared with the last­
mentioned animals, the infection in the arctic fox was astonishingly low, 
constituting only about one per cent. 

Also in the case of walrus and bearded seal the level of infection, 
about one per cent, as stated by ROTH was corroborated. This testifies 
to the exceptional position of these two animals among the seals. In 
bladdernose seal, harp seal, narwhal and white whale no trichinae have 
as yet been found in Greenland, and incidentally, with the exception 
of the white whale, nowhere else. As will be seen from the table, some 
of this material has been greatly augmented . 

Comparatively early during RoTn's studies, Trichinella was found 
in one specimen of ringed seal, originating from North-East Greenland. 
This find must at that time seem very significant, especially as a potential 
source of infection for the polar bear. However, the total material consider­
ably decreases the significance of this unique occurrence. An additional 
number of almost 2000 ringed seals have been examined without result. 
The material presented under the heading of "undetermined seals" 
undoubtedly also comprised ringed seals. The single positive find among 
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Table 2. Number of samples from various Greenland mammals 
all proving negative. 

Mustela erminea, ermine, shorttail weasel, stoat .......... . .. ... ...... . (3) 26 
Hyperoodon ampullatus, bottlenose whale . . .... . .... .... ... . . . ...... . . 1 
Phocaena phocaena, harbour or common porpoise ...... . .. ......... .. . (5) 21 
Globicephalus melaena, common blackfish ........... . . ... .. ..... . . .. . . 11 
Physeter macrocephalus, sperm whale ... .... . . ........... . . .. . . ... .. . . (1) 4 
Sibbaldus musculus, blue whale .................. . . ..... .. .. .... . . .. . (2) 2 
Balaenoptera physalus, finback whale . .. .... . . .... .. ........ . ........ . (4) 6 
Dicrostonyx torquatus, collared lemming . . ..... .... ... ... .. ... . . . .. .. . (4) 9 
Lepus arcticus, arctic hare .......... .. ..... ...... .... ... . .......... . (20) 191 
Rattus norvegicus, brown or Norway rat ............ .... ........ . ... . . (18) 18 
Sus scrofa domestica, domestic pig ........... ......... ............ .. . 28 
Ovis aries domesticus, sheep ...... ....... ............. . ..... ... . .... . (210) 784 
Ovibos moschatus, musk ox .. .... ......................... .. ..... . . . . 1 

Figures in parenthesis indicate number of samples available to Dr. ROTH. 

more than 1,500 undetermined seals, represented in all probability a 
bearded seal, judging by the size and structure of the sample, according 
to personal communication by the late Mrs. URSULA RoTir. 

In table 2, a number of negative samples are presented. Most in­
teresting are the ermines, lemmings, hares and rats, for these animals, 
or their near relatives, are known to be hosts of Trichinella spiralis in 
Alaska (295 ). The rat is only rarely able to establish itself for longer peri­
ods of time in Greenland. Because of the high incidence in the dogs and 
the way in which they acquire infection, they may, no doubt , actually 
be infected in some places. But as is well known, this is generally 
of no practical consequence, since rats cannot maintain an infection 
among themselves (see p. 52 ff.). Their infections are only symptomatic 
of an infection in their surroundings. 

The same is the case with the lemming and the hare. If an inf ec­
tion in these animals is present in Greenland, it must be extremely 
rare. The ermine follows the lemming exactly in its distribution in Nor­
thern and Northeastern Greenland , being almost completely dependent 
upon it for food. If the lemmings were infested to any appreciable extent, 
Trichinella would occur in the ermines . All over Greenland the foxes 
take many hares. The generally low incidence of trichinae in foxes tells 
against any material infection in the hares. The considerable collection 
of samples from hares is rather well distributed all over Greenland. 
The numerous samples from sheep have been examined because of the 
above-mentioned tendency of herbivores under Arctic conditions to 
occasionally consume meat. Experimentally it is possible to establish 
the infection in ruminants. The material of whales presented in table 2 
is too scanty to furnish any conclusive evidence: An extensive study 
of the killer whale might yield interesting results. 
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SURVEY OF THE I ND IVID UAL HOST SPECIES 
IN THE ARCTIC 

Dog ( Canis familiaris) 

In table 3 the collections of samples are arranged according to 
localities. On the West Coast the localities are arranged geographically 
from south to north, on the East Coast from north to south. It will be 
seen that the percentage of infection is generally very high, the all-over 
percentage being 71. But it is evident that the individual localities differ 
greatly; In order to be able to perform a Chi-square test, some of the 
localities were pooled in order to bring the single group of numbers up 
to at least five, to a total of 25 degrees of freedom. A Chi-square of 69 
ensued. This is highly significant on the one per mille level. 

The question now arises what may be the cause of this great varia­
tion? It is evident that the material is not ideal for comparisons of this 
kind, since it has been collected over a long period of time and from 
animals of different age and therefore of varying times of exposure. 
The information of the single animal was often limited, even regarding 
the time of collection. One source of variation was eleminated to a certain 
degree; all reported puppies being disregarded, also the few positive ones. 
In spite of all these handicaps certain striking features are apparent. 

In West Greenland, sledge dogs are only kept from Holst.eins­
borg District northward (see table 5 ). The few dogs in East Greenland 
are also sledge dogs. The few dogs kept south of Holsteinsborg, notably 
in the J ulianehab District, are either shepherd's dogs, used in the sheep 
rearing industry, or they are kept because of their hides and meat. 
This special breed of dogs has recently been eradicated. Of the former 
category, only three are represented in the collections, all negative, 
giving no information. The dogs from Sukkertoppen, being of the second 
category, are especially interesting in presenting an infestation on the 
same level of incidence as in most other parts of West Greenland. This 
point will be discussed in more detail below (p . 21). 

A comparison of the individual districts along the coast shows that 
up to Upernavik the percentage of infestation is fairly uniform, around 
70. The most outstanding exception is Qutdligssat, with a percentage 
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Table 3. The distribution of Trichinella spiralis in dogs in Greenland . 

Locality + Total °lo inf. 

I. J ulianehiib ...... 0 3 3 -

II. Sukkertoppen .... - - - -

III. Holsteinsborg .... 3 0 3 -

IV. Agto ....... . . .. . 3 1 4 -

V. Iginiarfik ...... .. 12 11 23 52 
VI. Niaqornarssuk ... 1 0 1 -

VII. Kangatsiaq ...... 18 5 23 78 
VIII. Manermiut ...... 6 0 6 -

IX. Egedesrninde ..... 19 7 26 73 
X. Runde Ejlande .. 3 0 3 -

IX. Akunaq ......... 10 1 11 91 

Egedesminde District ........ 72 25 97 74 

XII. fkamiut .... . .... \V - D 20 45 56 
XIII. Akugdlit .... .. .. 7 5 12 58 
XIV. Christianshab .. .. 1 1 2 -
xv. Claushavn ....... 14 4 18 78 

Christianshab District ....... 47 30 77 61 

XVI. Jakobshavn ...... 7 8 15 47 
XVII. Rodebay ...... . . 45 11 56 80 

XVII I. Ata ............. 5 3 8 63 
XIX. Ritenbenk ....... 2 0 2 -

XX. Qeqertaq .... .... 12 3 15 80 
XXI. Sarqaq .......... 28 15 43 65 

J ako bsha vn District ......... 99 40 139 71 

XXII. Nakorsaq . . ..... . 1 0 1 -
XXIII. Ujarasugssuk .... 17 4 21 81 
XXIV. Qutdligssat ...... 11 2 13 85 

Qutligssat District .......... 29 6 35 83 

XXV. Skansen . . . .. . . .. 3 0 3 -

XXVI. Godhavn . . ....... 9 5 14 64 
XXVII. Diskofjord .. . ... . 5 1 6 -

Godhavn District . . . . ....... 17 6 I 23 I 74 

XXVIII. Niaqornat .. . . ... 27 10 37 73 
XXIX. Qaersut ...... . . . 16 3 19 84 
XXX. Urnanak ......... 13 6 19 68 

XXXI. lkerasak ... . .... 5 4 9 56 
XXXII. Satut ..... ...... 28 6 34 82 

XXXIII. Uvkusigssat ... .. 1 0 1 -
XXXIV. Igdlorssuit ....... 18 12 30 

I 
60 

XXXV. Nflgatsiaq .... .. . 14 15 19 74 

U manak District ....... . .... 122 I 46 I 168 I 73 
(continued) 
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Table 3 (continued). 

Locality + Total 

XXXVI. Sdr. Upernavik ... 5 5 10 50 
XXXVII. Proven .......... 33 12 45 73 

XXXVIII. Upernavik ... . ... 25 15 40 63 
XXXIX. Augpilagtoq ..... 27 7 34 79 

XL. Tuvssaq ......... 2 8 10 20 
XLI. Tasiussaq ........ 12 7 19 63 

XLII. Kraulshavn ...... 9 2 11 82 

Upernavik District . . ........ 113 56 169 67 

XLIII. Savigsivik .. ..... 11 2 13 85 
XLIV. Thule ........... 15 1 16 94 
XLV. Siorapaluk ....... 12 1 13 92 

Thule District . ... .......... 38 4 42 91 

XLVI. Daneborg ..... . .. 1 0 1 -

XLVII. Scoresby Sund ... 3 0 3 -

XL VIII. Sermiligaq ....... 1 0 1 -

IL. Angmagssalik .... 5 9 14 36 
L. Skjoldungen ..... 3 3 6 -

Total .. . 571 I 236 I 807 I 71 

of over 80. As pointed out below, this locality presents special features 
in other respects also. On the other hand, the Christianshab district 
has as low a percentage as 61. Within the individual districts some of 
the small settlements have especially low percentages of infestation 
(E. g. Iginiarfik, lkamiut, Akugdlit, J akobshavn, and quite especially 
Tuvssaq (only 20 per cent!) or especially high percentages (e. g. Akunaq, 
Rodebay, Ujarasugssuk, Qaersut, Sa.tut, Kraulshavn) (see also Fig. 1- 2). 

At Thule the infestation is evidently very high. A Chi-square test 
comparing Upernavik and Thule is significant on the one per cent level. 
This special feature of Thule can be accounted for when it is born in 
mind that the dogs there are generally tied and fed directly. The diet 
in this case consists especially of meat of polar bear and walrus (see 
table 5). In the rest of Greenland (with the exception of East Greenland) 
the dogs stray about most of the time and feed upon all kinds of waste. 
On this background, the low percentage of infestation in Angmagssalik, 
East Greenland is astonishing. The cause may be an especially extensive 
feeding with fish and less opportunity of picking up rubbish. For the 
time being it does not seem possible to account for the other above­
mentioned differences in the incidence of infestation. The main cause 
may be differences in the age composition of the dog material. 
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!'<OMAN OF LOCALITY ON TABLE 3 

• WITH ARABIC Cl Pl-lEAS ' PERCENTAGE OF INFECTION IN DOGS 
+ FURTHER PLACES WHERE Trichinella 1-IA5 BEEN FOUND IN SINGLE OR Fr:v/ SPECIMENS. 

VII 

Fig. 1. Distribution of Trichinella spiralis in dogs in Central West Greenland. 
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ROMAN CIPHERS • NO. OF LOCALITY ON TABLE:, 

• WITH AAABIC CIPHERS• PEACENTAGE OF' INF'E:CTION IN DOGS 

Fig. 2. Distribution of Trichinella spiralis in dogs in the Thule District, North West 
Greenland. 
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District & host 

Dog 
Egedesminde ...... . 
Christianshab .... . . 
Jakobshavn ....... . 
Qutdligssat ....... . 
Umanak .......... . 
Upernavik ........ . 
Thule ............ . 

Total ... 

Polar bear ........ . 
Arctic fox ........ . 

Bearded seal ...... . 
Walrus ........... . 

'"O 
"' .s s 
"" K 
"' ... 
"' .a 
s 
::, 
z 

97 
77 

139 
35 

168 
169 

42 

727 

231 
1743 

... 
"' .a 
s 
::, 
z 

72 
47 
99 
29 

122 
113 

38 

520 

56 
25 

3 
5 
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Table 4. 

74 
61 
71 
83 
73 
67 
91 

72 

24 
1 

47 
74 
71 
76 
40 
41 
45 

53 

40 
42 

24 
15 
19 
41 
11 
32 
13 

21 

51 
42 

18 
17 
14 
31 
11 
16 
26 

16 

6 
8 

*) Calculated on the basis of number infected. (See p. 12). 

25 
45 
28 
34 
34 
21 
11 

28 

48 
20 

89 
94 
81 
69 
56 
91 

117 

81 

32 
71 

72 
293 

VII 
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770 
663 

1923 
553 
700 

1481 
758 

1923 

165 
783 

244 
821 

In the chapter "Material and Methods" various data are mentioned 
relating to the age determination of the capsules, etc. These are arranged 
in table 4 according to districts. The deficiences in the collection mentioned 
for table 3 apply to this material also. However, certain characteristic 
features are to be found. It will be seen that considerable differences 
occur. With the exception of Egedesminde, the percentages of young 
infestations are high up along the West Coast (including Qutdligssat) 
above 60 (average 64.3 °lo), whereas farther northward they drop to 
about 40, (average 40.3 °lo). A Chi-square test of these two percentages 
is significant on the one per mille level. A high percentage of young 
infections points to a predominantly recent exposure to infection. This 
may be due to differences in age of the dogs examined. The date of 
sampling may play a role too. The material does not permit a decision 
of this question. 

The percentage of old infestations varies more irregularly than that 
of young ones. It is high in Qutdligssat, suggesting a previous exposure 
besides the recent one. It might be suggestive for the validity of the 
above-mentioned high incidence of infection in Qutdligssat that in this 
place we find a high percentage of double infections, as at Thule, the 
other place with an exceptionally high incidence of infestation. While 
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at Thule the infestations are generally heavier than in other places, 
corresponding to the heavier exposure as explained above, no clear 
relation to the percentages of infestation in other places can be observed. 

In other studies, seven dogs were found infected out of nine examined, 
from West Greenland (255) In East Greenland, Trichinella was found 
in one of four dogs (375). This agrees well with the picture outlined above. 

In the Canadian Arctic also, high percentages of infestation in 
sledge dogs have been found, in small materials, it is true (203, 205 ). 
Also in Spitsbergen (Svalbard) a single dog has been found to be infested 
(94) . The largest material of dogs examined in other arctic regions is 
from Alaska (295). A total of 225 dogs were examined. Sixty dogs in 
and around Anchorage, a small town of U. S.-standards, proved negative. 
But in localities comparable to those of Greenland high percentages 
were found, since 40 of 47 dogs (85°/ 0 ) from St. Lawrence Island and 
38 of 41 dogs (93 °/ 0) from Point Barrow on the Arctic coast proved 
to be positive. The grand total of 165 dogs presented an infestation 
of 62 per cent. This altogether comes close to the conditions in 
Greenland. 

As to the source of infestation of the dogs, it is evident that in the 
Arctic they very often have access to infected meat of polar bear, arctic 
fox and marine mammals. It has been pointed out above that locally 
in Greenland, especially at Thule, the feeding with flesh of polar bear 
and walrus plays an important role, and may raise the level of infestation 
above the average. But there can be no doubt that the dogs have also 
access to carrion of dogs, (295, 303). 

This source of infection becomes especially evident if we consider 
the conditions in Central West Greenland, where there is a consistent 
high percentage of infestation in the dogs. Here they very rarely have 
access to polar bear meat, there are practically no trichinae in the foxes 
and only occasionally have they access to walrus meat. This latter 
source of infection is not even available at Sukkertoppen (see table 5 ), 
which makes the above mentioned high percentage in the dogs from this 
place especially interesting and supports, to a very high degree, the 
following statements. 

Dogs are regularly eaten in West Greenland. In most cases they 
are well cooked and they present, therefore, no great hazard to man. 
Without doubt kitchen refuse, and raw at that, from these meals will 
inevitably be eaten by the dogs strolling about all over the place. In 
this way they have a steady source of infestation, to say nothing of dog 
carrion, which will often lie about. 

The access of the dogs to dog carrion (in the widest sense of the 
word) seems to give the most reasonable explanation of the prevailing 
high infection with Trichinella in dog. This assumption is also corroborated 
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Table 5. Indicating population 1947, average yearly catch of important 
mammals 1943-1947 per 100 inhabitants, sledge dog population per 

100 inhabitants. 
(Main part of table extraced from tables in Beretninger vedrorende Gronlands Styrelse, 

No. 1, 1948). 
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Julianehab ........ 4280 .006 ? .006 - .19 6.0 4.78 - 1.26 
Frederikshab ...... 1372 - ? .07 - .05 10.2 4.92 - 2.07 
Godthab .......... 1994 - ? .01 - .02 16.7 5.72 - 2.92 
Sukkertoppen ...... 1750 - ? .14 - .03 7.24 2.84 - 2.55 
Holsteinsborg ...... 1617 8.2 ? 1.8 - .08 5.8 5.55 26.3 1.04 
Egedesminde ...... 2477 5.5 4.5 4.3 .12 .01 10.2 5.84 64.8 1.74 
Christianshab .... .. 670 - .30 2.1 .04 - 5.04 9.58 125.3 .53 
Jakobshavn ....... 1354 .07 1.5 4.5 .1 .02 2.81 3.86 106.0 .73 
Qutdligssat ........ 1039 1.2 1.4 3.1 2.3 - .38 .19 72.3 -
Godhavn ..... . ... . 566 12.9 6.8 2.6 3.5 - 7.63 8.92 149.8 .86 
Umanak .......... 1490 .23 1.7 2.8 .07 .02 1.13 2.13 85.8 .53 
Upernavik ......... 1459 1.2 11.5 7.8 4.2 .24 1.08 2.71 69.0 .40 
Thule*) ....... .... 335 36.4 14.3 3.3 10.4 3.3 176.0 45.1 282 3.91 
Angmagssalik*) .... 1178 - 14.9 - .42 2.2 0.76 1.7 54.4 .45 

*) Only in recent years are hunting statistics available from this district. Hence, 
the average numbers for 1954- 57 are used here (kindly placed at my disposal by Mr. 
PH. ROSEND AHL). 

by the fact that no difference in incidence could be found between the 
bigger places, the so called "towns", (which give name to the districts) , 
and the smaller settlements, called "villages" in spite of the fact that 
much more game is brought in to the small settlements than to the larger 
ones (29, p. 231-232). Consequently, if wild animals constitute the 
source of infection of the dogs, the exposure would be larger at the small 
settlements (Chi-square (d. f. 1) < 2). 

The assumption of the dog-to-dog infection is supported by another 
fact, also. In 41 positive cases we have the date of sampling. If the date 
of exposure is calculated on the basis of the age of the capsules, it will 
be found that 12 dogs acquired their infection during the winter, 9 in 
summer, 12 in spring, and 8 in the autumn. If we apply the null hypothesis, 
viz. that all these figures represent the same figure (which would then 
be expected to be 10.25 ), we get a Chi-square of only 1.246. From this 
it would seem probable that the source of infection is comparatively 
fresh meat. If that were not the case, a drop during the winter might 
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be expected, since a loss of larvae in carcasses must occur m winter 
because of the frost. 

In spite of the widespread, often heavy, infections of dogs in Green­
land, no observations on clinical symptoms are known. There can be 
only little doubt that if looked for, they would be found. Only little is 
known of clinical symptoms in animals with spontaneous infections. 
Most observations are available from bears in zoological gardens (see 
p. 76), but some few obseravtions on cats and dogs have been reported 
(193). In many respects the symptoms resemble those found in man: 
in the initial stages diarrhoea, later on stiffness to paralysis of the limbs 
and myalgia, sometimes changes of the voice. Even edema of the head 
has been reported, occasionally also keratitis. Naturally, the skin reac­
tions look different in animals, becoming more eczema-like, sometimes 
combined with the loss of hair. 

Polar bear (Thalarctos maritimus). 

The polar bear occurs in Greenland chiefly in the eastern and nor­
thern parts, from which our materials is derived. Apart from the southern­
most part, the J ulianehab District, and the northernmost part, the 
Upernavik District, only few bears are captured along the West Coast 
(Table 5 ). This extremely vagrant species presents the highest rate of 
infestation found in any wild animal in Greenland. In the material taken 
as a whole, every fourth bear harbours trichinae (Table 1). The districts 
from where it was sent in are seen in Fig. 3. 

Table 4 (p. 20) shows that there is a very high proportion of old in­
festations, probably a reflection of the comparatively high age attained 
by these animals. Whether the low percentage of double infections, as 
compared with the dogs, reflects a reality is not easy to decide, for in 
the old infections double ones, if any, will naturally be obscured , but 
it seems probable, since the polar bear is presumably not so regularly 
exposed to infections as are the dogs. It is obvious that there is a pre­
dominance of light infestations (48 °lo as against 28°1o in the dogs) , as 
was the case in the samples from polar bear from Alaska, (295 ). 

Based upon the papers published by RoTH, and those published 
simultaneously from the Canadian Arctic (74, 75), supplemented with 
unpublished information circulating among some people interested in 
arctic exploration, under the leadership of Dr. STEFANSSON, it was 
possible as early as 1949 to state (94) that trichinelliasis is circumpolar, 
at any rate in the polar bear. 

Already in 1910 the finding of trichinae was reported in polar bears 
in Hagenbeck's zoological garden in Hamburg (62). Later on, they have 
been reported again and again. Trichinella from polar bears was re-
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corded in the zoo's of Munich, and Prague (63, 120). At that time it 
was naturally assumed that the animals in the zoo's had become in­
fected during captivity, presumably from rats, which were often found 
to be positive in the zoo's in many places in Central and Northern 
Europe at that time. It is , however, significant that it was expressly 
stated that the capsules were highly calcified, suggesting a high age of 
the infestation (63). 

Calcified capsules were also found in the flesh of polar bears in 
Hannover (Germany) (107), but also some which were not calcified. 
Since the period of confinement of the bear is not stated, it cannot be 
decided whether the probable second infection was acquired in captivity. 
Such an infection has actually been reported in some instances (180). 
The great majority of the capsules found in a polar bear in the zoo of 
Helsinki (Finland) were completely calcified (155). A similar case was 
observed by the same author already in 1924. This case was sensational 
for that reason also , that trichinae had not for years been met with 
in Finnish pigs. 

Notorious is a heavy outbreak in 1930 with many deaths caused 
by meat of polar bear, in Stuttgart (Germany) (271, 360). From a zoo 
in Germany a secondary infection in brown bears, which could be traced 
back to polar hear meat, is reported (154). A quite similar case occurred 
in Denmark a few years ago. This will be discussed at greater length 
below (p. 75). Several other occurrences are described (25, 82, 180, 190). 
More recent finds in polar bears in captivity are also recorded (31, 44, 
287, 379, 398, 401), frequently under circumstances which make the 
acquisition of the infestation in the Arctic quite probable. 

Together with the above-mentioned papers (196, 211, 276), all 
these reports offer additional evidence of the widespread occurrence of 
Trichinella spiralis in the polar hear. In the official statistics of the Nor­
wegian Veterinary Service (32) an interesting story is related: In 1946 
a Norwegian went to Spitsbergen (Svalbard) to hunt polar bears. He 
took his dog with him, and fed it on raw meat of polar bear. Two years 
later the dog was killed and presented a heavy infection with trichinae. 
It was concluded that the infection was acquired by eating meat of 
polar bear. In the same report the finding of Trichinella in pieces of 
muscle taken from 7 out of 9 hides of polar bear from Spitsbergen is 
mentioned (106). Additional finds from Spitsbergen during the war 
were reported (98). Two out of 9 polar bears examined trichinoscopically 
proved to be infected. Here mention might also be made of the demon­
stration of trichinae in a hide of a polar bear originating from Andree's 
North Pole Expedition in 1897 (303). 

The circumpolar distribution of trichinosis has also been substanti­
ated by later research, which has brought to light further outbreaks 
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Fig. 3. Localities of samples, according to Districts, from polar bear and wolf. 
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among human beings , the source being meat of p9lar bear. Part of this 
later evidence has already been summarised (303). Of special interest 
is a paper (273) which reports an outbreak among members of an arctic 
expedition on Bennet's Island ( = de Long's Island), after consumption 
of meat of polar bear. As to the quotation by RoTH (303) of a verbal 
communication from Mr. ALWIN PETERSEN regarding outbreaks among 
Sibirian Eskimos shortly before the Second World War, reported in an 
Arctic Russian periodical, it is surprising that the above-mentioned 
Russian authors describe the outbreak as the first one known from the 
Sovj etic Arctic. 

Jn Alaska, nine out of seventeen polar bears were found to be in­
fested ( 50 °lo) (295). This high percentage in a small collection is not 
surprising in the light of our material. Quite similar percentages were 
found in 29 polar bears from Kangerdlugssuaq (55 °/ 0) and among 44 
bears from Scoresby Sund ( 41 °lo); while the percentage in 33 bears from 
Danmarkshavn was 21, and in 90 bears from Angmassalik it was even 
only 11 (see Fig. 3). The percentage in our material as a whole was 24. 
In good accordance with this, three out of eight bears in North-East 
Greenland were found to be positive (2). 

On this background the finding of 163 trichinous polar bears among 
278 bears examined (59°/ 0), might seem surprising. They originated 
from the northern and eastern icefields in the Polar Sea (375 ). A clue 
to the explanation of all these differences may be found in the indications 
given- by the last-mentioned authors. In a small part of the material 
the age of the bears was determined: of 12 bears of the age of one to 
two years, two were positive (17 °/ 0); as for older animals, 23 of 29 (80 °/ 0) 

were positive! (Chi-square significant on the one per mille level). They 
state that the Norwegian ships generally capture more old than young 
bears. It is probable, therefore, that the total number of young bears 
was greater in our material than in that of the Norwegian authors. 

The probable source of this tremendous infection has been somewhat 
disputed. It is generally agreed that a favourite prey of the polar bear 
is constituted by seals, especially the ringed seal. The early finding of 
trichinae in this latter species, in the material available to Dr. ROTH, 
prompted him to consider it very significant, as Trichinella might be 
anticipated to be of widespread occurrence in seals. Its exceptional 
occurrence in ringed seal and its total absence in other seals (apart from 
bearded seal and walrus) were only apparent from our additional big 
material. At the same time, however, ROTH highly stressed the opport­
unity for the polar bear to find carcasses, also of polar bear. 

The extent of the hunting activity, if not to say slaughter, carried 
on by man in the Arctic through several centuries is not always clearly 
conceived, especially not that by Europeans. Vivid descriptions are 
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given of the tremendous heaps of carcasses of walrus, for instance, left on 
the ice in the Polar Sea, heaps which attract flocks of polar bears (375 ). 
Everyone familiar with the Arctic knows how the polar bears stroll 
about picking up anything eatable, often of a quality and stench which, 
certainly, do not bear witness of their being very particular about their 
food. It must be borne in mind that Trichinella can survive for long 
periods, at any rate up to 138 days, in decaying meat, especially so, 
of course, in the cool arctic summers (167, 283, 419). They are also able 
to survive e. g. in blowfly larvae for some period (245). Finally, it is not 
always taken into consideration that the polar bear, surviving for several 
years, has a longer time available for contracting the infestation than, 
say, foxes . 

The high infestation in polar bears, therefore, seems sufficiently 
accounted for, considering the innumerable chances of infestation through 
cannibalism (carcasses), refuse in the widest sense of the word, and the 
eating of bearded seal. The statement ( 4,5): "Trotzdem muss die Frage 
der Richtigkeit der Theorie von der Hauptinfektionsquelle <lurch tri­
chinoses Aas off en bleiben" accordingly seems unwarranted. The author's 
far-fetched hypothesis of an all round explanation of the spreading of 
Trichinella in the Arctic will be considered later (p. 56) . 

Arctic Fox. (Alopex lagopus). 

The all over percentage of infestation in our material is only 1.4 
(see table 1). But this does not give a true picture of the conditions. 
It will be seen from the map (fig. 4) that fairly high percentages of 
Trichinella have only been found in East Greenland. On the West Coast 
a low percentage has been found in the southernmost part of the country, 
viz . the Julianehab District, also in farm foxes ( one in 86 = 1.2 °lo) ( 113). 
To the north, it appears again on the island of Disko (while is absent in 
large materials collected along the West Greenland coast proper, but is 
met with regularly in the northern districts of West Greenland (Umanak, 
Upernavik, Thule) where percentages of 2- 4 have been ascertained. 
Thus the percentages are astonishingly low, considering the omnivorous 
habits of the arctic fox. One important reason for the small percentages 
would appear from parts of the preceding discussion: the short life of 
the fox as compared with both dogs and polar bears, with the conse­
quential smaller chance for the population of building up an infestation 
on a similar scale as these latter animals. 

According to the most recent survey (384), two races of the Arctic 
fox exist in Greenland, viz. the White Fox and the Blue Fox, which 
fall into two and three groups, respectively. 1) The big white foxes, 
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which may also be called the lemming foxes, and have got this name 
from their favorite diet. They have their main distribution in common 
with the collared lemming, Dicrostonyx torquatus, in high arctic regions: 
Thule, North and East Greenland, southward to Scoresby Sund. On 
the West Coast they stray southward as far as the Upernavik and 
Umanak Districts. Only exceptionally do they go further south. Along 
the East Coast they go southward with the sea ice, and may in this 
way reach the Julianehab District, the southernmost part of the West 
Coast. The straying mentioned occurs especially in years in which 
lemmings are scarce. The other forms of the arctic fox are more sta­
tionary. 2) The small white foxes, which according to VIBE constitute 
surviving descendants of the big white foxes, occur in regions where 
lemmings are absent. 3) The West Greenland blue foxes, which are the 
true coastal foxes of some authors, being in the main distributed together 
with the small white foxes. The last two groups of blue foxes have a 
more restricted occurrence, and are almost entirely dependent upon 
bird cliffs, viz. 4) The Thule blue foxes and 5) The Scoresby Sund blue 
foxes. 

It is a special habit of the lemming foxes to follow in the track of 
the polar bear, and in that case feed upon remnants of its meals. It 
may be mentioned that the main occurrence of the polar bear in Green­
land coincides with the distribution outlined for lemming foxes. In the 
greater part of West Greenland about 90 per cent of the foxes caught 
are less than one year old, whereas in the northern parts of both West 
and East Greenland there is a larger proportion of older animals, a 
characteristic feature mainly of the lemming foxes (384). 

It appears significant that the demonstrated occurrence of Tri­
chinella in the arctic fox in Greenland coincides with the distribution 
of the lemming fox. The only exception seems to be formed by the 
trichinous foxes on the island of Disko. But this exception may be 
explained by the view that parts of the population in Central West 
Greenland are in periods made up of lemming foxes which have crossed 
Baffin Bay with the western sea ice (65 ). Disko lies in the centre of this 
migration. Some authors ( 4,5) expected differences in the infection rate 
according to difierences in habits. This has turned out to be right. They 
expected a higher percentage in the coastal foxes. However, just the 
opposite appears to be the case. 

There remains the most astounding fact that we have no evidence 
showing that Trichinella does occur in the foxes on the mainland of 
West Greenland, south of the Nugssuaq peninsula. As demonstrated 
above, there is a very high percentage of infestation in dogs precisely 
in these regions. Foxes are scavengers, as is well known. How is the com­
plete absence, or, at the most, the extreme rarity, of infestation to be 
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explained? The only suggestion which it seems possible to give is that 
since the human population in West Greenland has risen considerably 
in recent years, the foxes have been driven more and more away from 
inhabited places. Therefore, they have practically no occasion of being 
infested any longer, since the main bearer, apart from dogs, of the arctic 
trichinelliasis, viz. the polar bear, does practically not occur in the domain 
of these trichina-free foxes (see table 5 ). Furthermore, the coastal foxes 
appear to have very specialised feeding habits. 

Apart from the Danish material , 78 foxes from East Greenland 
have been examined (2). Only two were found to be positive (2.6 °/ 0). 

This percentage, low for these regions, suggests that many of the foxes 
were young. Seven foxes from North East Greenland proved to be nega­
tive (235). 

Trichinae occur in the arctic fox in Arctic Canada (276), and the 
same is the case in Alaska (295) . In a total collection of 222 foxes , 16 
(7.2 °lo) were found to be infest ed. The authors expressly stress that the 
foxes from the two main localities, the Arctic coast and St. Lawrence 
Island (the least arctic of these), are chiefly dependent for food upon 
mouse like rodents , that is to say, there will be a considerable proportion 
of foxes corresponding to the lemming foxe s in Greenland. In the first­
mentioned locality 12 out of 117 proved to be infest ed (10.3 per cent) , 
in the last-mentioned locality 3 of 94 (3.1 per cent), two examples cor­
responding well to the conditions in East and North West Greenland, 
respectively. 

From the evidence presented it might be concluded with considerable 
probability that the trichinelliasis in the arctic fox is also circumpolar. 
The demonstration in the zoological gardens of Petrograd and Aschchabat 
of trichinae in Alopex lagopus (which may be assumed to have been of 
Russian or Sibirian origin) gives additional support to this view (140, 
263). They have also been found in wild arctic foxes in the U.S.S.R. (54). 

Regarding the source of infection in the case of the arctic fox , it 
may be summarised from the above considerations that the scavenging 
habits of the fox in regions where trichinous carrion is available to them, 
may account sufficiently for the infections found. Its low rate is probably 
explained by the short life of this host. 

Walrus (Odobaenus rosmarus) and Bearded (or Square Flipper) 
Seal (Erignathus barbatus). 

The manifestation of trichinelliasis in these strictly arctic animals 
is so similar in several respects that some common feature in their 
habits might be expected when compared with other seals. RoTH was 
the first to point out one common feature in connection with the problem 
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of Trichinella: the main feeding upon bottom animals (372). The problem 
was further elaborated (383) and it was stressed by me at the Zoological 
Congress in 1953 (304). 

Other authors, without knowing VrnE's paper, were aware of this 
phenomenon (5 ), which probably holds one of the keys to the question 
of the source of the infection. Nevertheless, certain differences be­
tween walrus and bearded seal are apparent in this respect, and will 
be discussed in more detail below. 

Walrus. The total collection of samples from Greenland comprised 
489 specimens, of which 5 were positive, that is to say, a one percent 
infestation. ( Only one specimen (negative) originated from East Greenland) 
(see fig. 5, p. 31). Although this is a low infection, epidemiologically the 
walrus plays an important role for man in the Arctic. From the Holsteins­
borg District 113 samples were examined; none of them harboured 
Trichinella. Of 249 walrusses from the Egedesminde District four were 
positive (1.6 per cent). A number of 74 from the Thule District were 
examined without result. One more positive walrus was found among 11 
walrusses from the Godhavn District. In 1959, a trichinous walrus 
was found in Upernavik. Thus the positive samples originated from 
regions in which outbreaks in man had occurred. 

It appears from several papers that the infestation in walruses is 
widespread, as in the other animals treated here as yet. Seven out of 
7 4 walruses which had been taken on the sea ice in the northern and 
eastern parts of the Polar Sea were found to be infected (9.5 per cent) 
(375). No trichinae were found in samples from seven and 47 walruses 
caught in the Canadian Northwest Territorries (74, 203), while in the 
Eastern Canadian Arctic off Baffin J sland, Cornwallis Island, Chester­
field Island and Southampton Island, 17 out of 394 collected specimens 
were found to harbour Trichinella, or 4.3 per cent (204). As many as 
fifteen of the positive animals were taken off Southampton Island. 
This might indicate that the distribution among walruses is not uniform 
as suggested also by the findings in Greenland. This was pointed out 
by Dr. RoTH at an early stage of the investigation, in a report to the 
Greenland Administration: "It seems that only relatively few animals 
or flocks are infected, which only at years' interval ~ill cause outbreaks". 
That 51 walruses from the arctic coast of Alaska and from St. Lawrence 
Island were found to be negative, agrees with this assumption (295 ). 

There can be no doubt that the walrus generally feeds upon marine 
invertebrates, with a preference for bottom animals (105, 159, 183). 
This well-known fact was the cause of the perplexity aroused by the 
proven occurrence of Trichinella spiralis in a marine mammal. However, 
there is now ample evidence that the walrus may attack and kill seals, 
even men in kajaks (105, 383), and in many places it has access to fresh 
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carcasses of walrus and polar bear, which are left on the ice or thrown 
over board in vast amounts (375 ). Furthermore, dead dogs are often 
left on the ice during sledge travels, or may drift out to sea with the ice 
and disappear. Flensing of walrus and other big mammals is often per­
formed in the tidal zone, with the result that debris of meat may flow 
about. 

Finally, in inhabited places, dead dogs are generally thrown into 
the tidal cracks during the winter, and directly into the sea in summer, 
where they will often sink to the bottom. It will be seen therefore, that 
there is ample opportunity for the walrus to be infected , even if it 
only occasionally eats meat. It must be borne in mind too , that the 
walrus attains a great age. Not till it is four years of age will it be mature, 
and it is known to become at least 16 years old. 

Bearded Seal. In the collections from Greenland, comprising 245 
samples (31 of these from East Greenland), two were found to be trichi­
nous, or 0.8 per cent. Of 36 specimens from Thule one proved to be 
positive (7 .4 ° / 0 ). Of 7 4 from the H olsteinsborg and Egedesminde Districts, 
one was positive (1.40fo). One additional positive specimen occurred in 
the group of "undetermined seals" off Upernavik (see fig. 6). As pointed 
out above (p. 14), this specimen originated in all probability from a 
bearded seal. 

Among 300 bearded seals captured on the ice in the northern 
and eastern parts of the Polar Sea, and 29 in the Canadian Arctic, none 
were found to be infected (203 , 375). That the infestation (as might be 
expected) is nevertheless widespread, is suggested by the fact that one 
of 126 bearded seals (0.8 per cent) which were killed on the arctic coast of 
Alaska was positive (295 ). The apparent lower incidence, as compared 
with that of the walrus may be partially accounted for by the fact that 
these seals do not attain as great an age as the walrus. The above-stated 
difference between Thule (7 °lo) and Holsteinsborg-Egedesminde (1 °lo) 
may be correlated with the fact that the bearded seals caught tend to 
be older in more northern regions. 

Even though the infection of walrusses with Trichinella may be a 
matter of some surprise, the infection of the bearded seal is still more 
puzzling. The circumstance that the walrus decidedly prefers mussels 
to other marine invertebrates, while the bearded seal prefers certain 
snails, and devours a great many crustaceans and occasionally even 
eats fish, means that walrus and bearded seal as regards food in no way 
compete with each other (383). Therefore, the common habit emphasised 
above: feeding on bottom animals, does not after all play a very great 
role. As pointed out above the infection in walrus might probably 
be attributed mainly to its occasional scavenging habits, while little 
is known of such habits in the bearded seal. That it may occur, very 
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occasionally, is suggested by the observation that seals have been seen 
to feed upon carcasses left on the ice (375 ). 

From observations on carcasses sunk to the sea bottom, teaming 
with and being separated by swarms of amphipods, it was concluded 
that these animals, together with small pieces of meat, might provide 
some explanation of the occurrence of Trichinella in seals (383, p. 95 ). 
To the amphipods other crustaceans like crabs, etc., may be added. 
That the infection in the ringed seal is so extremely rare may be explained 
by the fact that this seal is a plankton feeder, whereas the bearded seal 
is definitely associated with the sea bottom. 

The Ringed or Jar Seal (Phoca hispida) and other Seals. 

In the samples available to Dr. RoTH (see table 1) the following 
seals were represented: 52 ringed seals ( one positive) and 56 bearded 
seals ( one positive). Of the other seals the following were available: 
59 bladdernose or hooded seals, 40 harp seals and 99 undetermined seals, 
all of them were negative for trichinae. It was quite natural, therefore, 
that RoTH was of the opinion that trichinae were probably widespread 
in seals, with the consequential significance for the infection in polar 
bears. The additional material has changed this view. The fresh collections 
of more than 1,700 ringed seals did not disclose any trichinae. The same 
was the case with more than 1,550 undetermined seals, which material 
undoubtedly comprised also ringed seals, together with bearded seals 
(among which, as pointed above, one positive was found), hooded seals 
and harp seals (see fig. 7, p. 36). Of these latter species an additional 
material of 141 and 2,365 samples respectively, is now available from 
Greenland. To this can be added samples from 24 spotted or harbour seals. 

The three last-mentioned species were all negative. Disregarding 
in this connection the walrus and the bearded seal, the trichina infection 
in seals in the Arctic is as follows: The widespread migratory seals, 
which are to a great extent independent of the shores and feed upon 
animals living freely in the waters, harbour no Trichinella. Only in 
the ringed seal, which is a stationary coastal species, may infestations 
quite exceptionally be encountered. The above-mentioned Gammarus­
hypothesis (383) most reasonably applies precisely to this species and 
the rareness of infestations might be accounted for in this way. 

Other investigations have substantiated the distribution in the 
seals just described. No trichinae were found in 6 and 224 samples from 
bearded, ringed and harp seals in the Canadian Arctic (74, 203). On 
the various western, northern and eastern seal-hunting-grounds no 
trichinae were found in 8 ringed seals, 192 hooded seals and 1,955 harp 
seals (375 ). Among 310 samples of seals taken off the west coast of Alaska 
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(comprising a majority of ringed seals and spotted seals, including a 
few ribbon seals ( Phoca fasciata)), two (0.66 °/ 0) were found to be positive 
for trichinae (295). Considering that the spotted seal to a far greater 
extent than the ringed seal, is a fisheater (105) and considering further 
the conditions in Greenland, it seems most probable to assume that 
the two infected ani!fials were actually ringed seals. 

In this connection mention may be made of a material examined 
by Dr. CARLTON M. HERMAN, and published by RAUSCH et al. (loc. cit.). 
It comprised 101 fur seals (Callorhinus ursinus) which were all found 
to be negative. This was also the case with 101 samples from the follow­
ing antarctic species of seals: Weddell seal; Leopard seal, and Ross 
seal (375 ). All these seals are piscivorous. 

Whales, Particularly White Whale (Delphinapterus leucas) 
and Narwhal (Monodon monoceros). 

During the outbreaks of trichinosis in man in West Greenland 
in 1947, their source could in most cases be traced to the consumption 
of walrus meat. As regards the outbreak occurring in Qeqertaq in the 
Jakobshavn District at the beginning of January 1947, this was not the 
case (372). The only possible source of infection appeared to be flesh of 
white whale. Also some of the patients in other places denied having 
eaten walrus meat, but admitted having eaten meat of white whales. 

An acquisition by this animal of a trichina infection is still more 
difficult to understand than that of the ringed seal, since it appears to 
be almost exclusively piscivorous. An infection of the narwhal would 
be a little more understandable, for it is known to eat a considerable 
amount of crustaceans, especially shrimps, in addition to fish, thus 
being more associated with the sea bottom. 

Be this as it may, no trichinae have been found, in our admittedly 
not very large, material of 235 white whales and 53 narwhals. It is 
all the more interesting that Trichinella spiralis has actually been found 
in Alaska, off the Arctic coast, in one of 49 white whales examined (295 ). 
Nine and fourteen white whales from the Canadian North West Terri­
tories, (74, 203), harboured no trichinae. From this it appears that the 
infection in the said Arctic whales must be extremely rare, at most on 
the low level found in the ringed seal. However, it might, under the cir­
cumstances, present a considerable risk to man. 

Thirty-four toothed whales of several species and seven baleen 
whales were examined with a negative result (see table 2, p. 14). As em­
phasised above, an investigation of more samples of the killer whale 
(Grampus area) would be of special interest, because here a definite chance 
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of infection must be present. An infection of baleen whales must be con­
sidered highly improbable. Fifteen baleen whales, killed off Alaska, were 
found to be negative (295 ). 

Various Carnivores. 

That the arctic wolf (Canis lupus) presents trichinelliasis in Green­
land is apparent from two cases ascertained by Dr. ROTH, in two of 
four hides from the collections in the Zoological Museum of Copenhagen 
(see Fig. 3). The infection might be expected to have a wide distribution 
in the Arctic. This supposition is supported by the demontsration of 
trichinae in 51 of 154 wolves (33.1 per cent) killed in Arctic Alaska 
(295 ). The authors assume from their findings that in the localities 
examined the wolves must have been infected by eating smaller mammals, 
since seemingly there is little access to carrion other than of ruminants. 
However, it should be borne in mind that the infections registered have 
been acquired over long periods of time, and the roaming of the arctic 
carnivores may easily be underestimated. Most experience with Trichi­
nella spiralis points to the conclusion that high rates of infection in 
a population will in gen.era! only be reached when the source of in­
fection is some kind of carrion. 

The only carnivore occurring in Greenland besides the polar bear 
and the arctic fox is the ermine or stoat ( Mustela erminea), which 
occurs in North and North-East Greenland southward to the Scoresby 
Sund District. Unfortunately, it has only been possible to investigate a 
total of 26 ermines from Greenland. To these may be added 14 from the 
Central Canadian Arctic, taken out by the present writer from the 
collections of the Zoological Museum in Copenhagen. No trichinae were 
found. Since the ermine is mainly dependent upon the collared lemming 
( Dicrostonyx torquatus), these negative results make a widespread occur­
rence of trichinae in the lemmings in Greenland highly improbable. 
On the other hand, it is quite probable that an occasional infection, 
dependent upon occasional feeding on carrion of other animals, might 
appear in a larger material of ermines from Greenland. 

In Alaska no less than 18 of 51 ermines were found to be infested 
(35.3 per cent) (295 ). Of these, 40 alone, collected in the Brooks Range 
(that is, in the northern parts of Alaska), contained 17 of the positive 
samples (42.5 per cent). Conditions here are evidently different from 
those met with in Greenland, as shown also by the fact that the authors 
found one in two least weasels ( Mustela rixosa) to be positive. On this 
background it is surprising that 18 martens (Martes americana) and 
43 minks ( Mustela vison) in Alaska proved to be negative. It is , however, 
not stated whence these animals originated and this may explain the 
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difference. It is less surprising that seven otters ( Lutra canadensis) and 
20 sea otters (Enhydra lutris) were found to be non-infected, considering 
that these latter animals are predominantly piscivorous. 

The occurrence of trichinae in ermine and weasel in Alaska seems 
in some measure to be accounted for by the actual demonstration in 
Alaska of Trichinella in several species of rodents. In any case, there 
seems to be a great variation in their occurrence. For the present it 
does not seem possible to attempt to offer any explanation of this varia­
tion except that it may be due to the accidental accessibility to infected 
carrion. 

The finding in Alaska of larvae in 17 of 38 wolverines (Gula gulo) 
examined is , on the other hand, not surprising. It was expressly stated 
(295, p. 363): "Rates of infection in this series of wolverines did not 
differ with the locality from which they were taken". This occurrence 
rather presents a confirmation of the views presented here regarding 
the spread of the infection in the Arctic. The wolverine is notoriously 
a very voracious animal, and is known to be an eager consumer of carrion. 

Also the lynx ( Lynx canadensis), another carnivore of considerable 
size, of Arctic America showed a considerable rate of infestation in 
Alaska, four out of 17 animals (23.4 per cent) being found to be positive. 
This occurrence might be explained in part by the fact that the lynx 
is highly dependent upon the snowshoe hare (Lepus americanus) , which 
in Alaska exhibits a rather considerable rate of Trichinella-infection, 
viz. about 4 per cent. 

Various Rodents. 

It can now be considered an established fact that especially in the 
Arctic, rodents may eat meat, whenever they happen to come across it. 
Quite naturally therefore, rodents were also taken into consideration 
when our material was collected. 

In Greenland only two rodents are native: the collared lemming 
(Dicrostonyx torquatus) in North and North East Greenland, southwards 
to Scoresby Sund, and the arctic hare (Lepus arcticus), which is distri­
buted all over the country. Of collared lemmings, only nine specimens were 
available. To these can be added, from collections in the Zoological 
Museum of Copenhagen, six specimens from the Central Canadian Arctic. 
They were all negative. Not very much can, of course, be concluded 
from these few samples, but is has been emphasised above (p. 38), 
mainly on account of the non-occurrence in ermines, that if trichinae 
occur at all in lemmings in Greenland, the infection must be ex­
tremely rare. 

A corresponding result will be arrived at, if we consider the Arctic 
hare (see table 6, p. 40), of which almost 200 were examined without result. 
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Table 6. Number of samples of Arctic hare, according to districts; 
all negative. 

J ulianehab . ..... ... ........................ .. . 
Frederikshab ..... . ..... . ....... . .... . ..... . .. . 
Godthab . ........ . .. . .......... . . . .. . . . . . .... . 
Sukkertoppen ........ . . . ...... . . . .... . ........ . 
Egedesminde . .. ..... . .. . . .... . . .... . ..... .... . 
Christianshab .. ... . ... .. .. . ..... . ... . ......... . 
Jakobshavn ..... . ... . . . ... .. . .. . ......... . .. . . 
Umanak ..... . ........... . . . ..... . . . ......... . 
Thule ... ............ ... . . . .. ... . ... . . . ....... . 
Danmarkshavn 

12 
3 

20 
50 
2 
4 

13 
20 
54 
13 

Total .. . 191 

From the high-arctic regions (Thule, North-East Greenland) a total of 
67 hares were examined. If we consider this as a random sample, with 
a level of confidence of 99°/ 0 , our result might still mean a level of infection 
up to about eight per cent. But, if this high percentage should actually 
exist, the percentage infection in foxes might be expect ed to be even 
higher than is actually the case. This consideration might seem still 
more justifiable in the case of the 89 hares, originating from the parts 
of the West Greenland coast, where not a single trichinous fox has been 
found (see fig. 4, p. 29). 

Anyhow, as yet there is no evidence indicating the occurrence of 
Trichinella in herbivores in Greenland. However, from what is known, 
also from my own observations in North-East Greenland, of the feeding 
habits of the hares, an occasional infection in these regions cannot be 
excluded. Something similar might be said regarding the 25 arctic 
hares and 21 collared lemmings examined without positive results in 
Arctic Canada (203). 

As was the case with the ermines in Alaska, in respect of the rodents 
also, conditions are quite different from those in Greenland and possibly in 
the Canadian higharctic regions. A great many species are infected at a com­
paratively high rate (295 ). Although seven collared lemmings proved to 
be negative, one of 18 (5.6 °lo) brown lemmings ( Lemmus trimucronatus) 
harboured trichinae. The same was the case with two of 49 (4.1 °lo) red­
backed voles (Clethrionomys dawsoni) and one of 57 (1.8 0/o) narrow­
skulled or Alaska voles ( Microtus miurus). The rate of infection appears 
to be approximately on the same level as those of the ground squirrel 
(Citellus parryi) (one of 129 examined: 0.8 °lo) and the red squirrel 
(Tamiasciurus hudsonicus) (four of 93 examined: 4.3 0/o). Also the snow­
shoe hare ( Le pus americanus) presented a similar rate of infestation 
(two of 53 examined: 3.8 per cent). On this background of apparent 
uniformity and regularity of infection in a number of rodents , the 
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absence of the parasite in 234 tundra voles ( M icrotus oeconomus) seems 
surprising. The material is not presented in such a way that it is possible 
to decide whether the infection occurred in patches, as might be expected. 

Rats (Rattus norvegicus) are not generally able to establish them­
selves for a longer period in Greenland. The 18 rats contained in the col­
lections presented here did not contain trichinae. But there can be no 
doubt that if they might be established in regions in which a high inci­
dence of infection is found in dogs, the rats would also become infected. 
In Alaska, both in subarctic and in more pronouncedly arctic regions 
where the rats are able to subsist, they have also contracted an infection. 
The source of this infection is not discussed (315, 316). 

Various Herbivores. 

Of wild-living ruminants in Greenland only one specimen of the 
muskox (Ovibos moschatus) has been examined, but without positive 
results. No samples from reindeer or caribou ( Rangifer tarandus) were 
available. About 1000 sheep investigated in South Greenland were found 
to harbour no trichinae. Samples without trichinae were reported from 
two moose ( A lees americana) and eight caribou in Alaska (295 ). Al­
together an infection of ruminants is, of course, not very probable; if 
at all found, it must be in the Arctic. To my knowledge no natural in­
fection of a ruminant is known and an experimental infection is not very 
easily made. The record by ZIMMERMANN et al. (417), with DOLMAN 
(100) as authority of moose and deer as known hosts of Trichinella is 
due to a miscitation by DOLMAN of papers by RAUSCH. 

Finally, it may be mentioned that 28 pigs in Greenland have also 
been examined without revealing any infection. Pigs are not bred in 
Greenland, but in small numbers imported from Denmark (which is 
free of trichinae, see below p. 59ff.), and only raised indoors to be slaught­
ered. With the exercise of caution and no use of uncooked scrap , the 
chance of their getting infected is inconsiderable. 
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A SUMMARY OF OUR PRESENT KNOWLEDGE OF 

THE DISTRIBUTION OF TRICHINELLIASIS 

IN ARCTIC MAMMALS 

Although our knowledge of the occurrence of trichinelliasis in arctic 
mammals is based upon more than 15.500 samples of some forty species 
of mammals from places far apart, supplemented with a considerable 
number of incidental observations, it must be considered to be of a 
rather imperfect nature in several respects. Nevertheless, some genera­
lities and predictions may be ventured. 

It is a fact that several mammals with a circumpolar distribution, 
are subject to infestation throughout their whole range. The polar 
bear is an especially distinct example of this, as we are in possession of 
direct evidence from both of the big continents reaching up into the 
Arctic, from the big arctic islands and from the sea ice connecting them. 
The same can be said, though to a less extent, of the arctic wolf and 
the arctic fox. From sledge dogs we have direct evidence from Spitz­
bergen (Svalbard) , Greenland , and the American Arctic westward to 
Alaska. There can hardly be any doubt that also the Russians have ob­
served it in dogs in Arctic Siberia, even though I have not found any 
reference to it. There seems to be no reason, therefore , to doubt that the 
situation will be the same whereever sledge dogs are used. Of these ani­
mals, the polar bear appears to present the greatest immediate risk 
to man. 

Another serious direct hazard to man in the Arctic is the occurrence 
of Trichinella in marine mammals. Here the walrus quite naturally, if 
only because of its big size, comes into the foreground. Direct evidence 
of infections of walrus is available from the Canadian Arctic, Greenland, 
and the vast icefields between Greenland and the other large arctic 
islands. It would seem rather safe to assume therefore, that this in­
fection also is circumpolar. 

Even though our direct evidence in regard to the bearded seal, the 
ringed seal and the white whale is very limited, the habits of these 
animals are mainly the same all over the Arctic. The same may be 
said of the peoples inhabiting the arctic shores and the hunters, both 
native and European-American, performing their slaughter on the Arctic 
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icefields, thereby contributing, probably significantly, to the spread of 
trichinae. In regard to the seals mentioned above we have direct evidence 
from places as far apart as Greenland and Alaska and in the case of the 
white whale direct evidence from Alaska and indirect evidence from Green­
land. It would seem probable therefore, that also these infestations are circ­
umpolar, even though the percentage of occurrence in ringed seal and white 
whale has a sporadic character. The prophecy might be ventured that 
the narwhal also will some day be found to be infested, and the same 
might with still greater probability turn out to be the case with the 
killer whale. 

As to Greenland, we have information pointing to the probability, 
or at any rate a definite possibility, that in some animals the distribution 
of Trichinella is not circumpolar, in the sense of a continous distribution, 
even though the host may be so. This may be due in part to Greenland's 
unique position in a zoogeographical respect, in regard to terrestrial 
mammals. Something similar might apply to the other large arctic 
islands, but our knowledge of these regions in respect of trichinae is 
almost nil. Their fauna of terrestrial mammals is poor in species, as 
compared with the arctic regions of the continents. Apart from caribou 
and muskox (with which we are not further concerned here) and the highly 
migrating species: polar bear, arctic wolf, and arctic fox , the only 
terrestrial mammals in Greenland are the ermine, the collared lemming 
(both presenting the same distribution, from the Thule region north-east­
ward and southward to Scoresby Sund) , and the arctic hare. 

None of these species have been found infected in Greenland, but 
the possibility of infestation cannot be completely excluded, particularly 
in the higharctic regions, owing to the comparatively scarce material 
available. But there is sufficient indications that if it should turn out 
to be present, the infection will at any rate be very rare. Little is known 
of these species in other regions, but the studies made in Alaska might 
give certain clues. There the ermine is evidently rather frequently in­
fected, along with lemmings and other rodents. Only quite few collared 
lemmings have been examined in Alaska, but it seems probable that 
this species will in time also be found to be infested along with the other 
lemmings and several species of voles. This occurrence in Alaska induces 
us to turn our attention to a possible distribution of the parasite in these 
animals in other Subarctic regions also, whence practically nothing is 
known. 

Already from an examination of the material in Alaska it seemed 
probable that great regional differences will gradually become apparent, 
and probably partly in the form of a tendency for the intensity of the 
trichina infection to be enhanced, the more purely wilderness conditions 
prevail. The arctic hare is not found in Alaska, but the related snowshoe 
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hare exhibited a comparatively high rate of infection. In this connection 
also, the apparent lack of trichinae in coastal foxes along the southern 
coast of West Greenland may be mentioned (see p. 28). 

A number of other carnivores are also circumpolar, even though 
they mainly occur on the continents. Of these, mention may be made of 
various species of bears, the lynx, the red foxes and the wolverine, 
besides the arctic wolf, which is the same species as the more southern 
wolves. All these species display high-rate infestations in Alaska, the 
only arctic region from which we have direct reports (295, 399). But 
considering the high rate, at all events in the polar bear, along the 
Sibirian coast, the continous contact of many of the species mentioned, 
and on the strength of evidence which will be presented below (p. 45ff), 
it might be considered probable that the above mentioned species will 
also prove to be infected in the Sibirian North, which passes gradually 
into the European Russian North. That a similar condition may prevail 
along the Scandinavian Arctic coast, is suggested by the finding of 
Trichinella in a brown bear (Ursus arctos) in Northern Sweden (55). 
The smoked meat of this bear caused several small outbreaks in various 
parts of Sweden. 
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ON THE DISTRIBUTION TRICHINELLA SPIRALIS 
IN WILDLIVING CARNIVORES, ETC., IN SUBARCTIC 

AND TEMPERATE REGIONS 

Especially from the work done in Alaska it is evident that there is 
no sharp boundary between the occurrence of trichinae in wild carnivores 
in Arctic and subarctic regions, and judging by the somewhat scanty 
and accidental information available in the literature, it seems probable 
that Trichinella spiralis through a direct connection with the 
Arctic-Subarctic distribution is much more widespr ea d 
also in Temperate regions than has as yet been realis e d. 

U.S. A. There is evidence at hand showing that trichinae are rather 
widespread in bears in the mountains of California, that is the southern 
end of the mountains and wilderness areas, in the northern end of which 
we know the infection to be extremely widespread. Outbreaks of trichi­
nosis among human beings after the consumption of jerked black bear 
meat (Ursus americanus) were reported on several occasions (125, 248, 
393). It must be admitted that in a few of these cases it was especially 
stressed that the bear had raided pig farms. But it must be borne in 
mind that this indication is at the same time an attempt at an explanation 
of the finds , an explanation which at the time must seem the 
most probable. In some of the cases pigs cannot be completely disregar­
ded as the source of the infection. From another wilderness area in the 
United States, the Adirondacs in Northern New York State , an outbreak 
resulting from the ingestion of black bear meat was also reported (397). 

Recent papers (417, 419), the first ones published in America 
turning attention directly to wildlife, have for the first time demonstrated 
a widespread occurrence of trichinae among wild-living carnivores in 
the temperate United States, i. e. in Iowa. Particularly high percentages 
were found in minks (24 out of 354 = 68 per cent) and foxes (72 of 748 = 

9.6 per cent). The species of fox involved was mainly the red fox (Vulpes 
fulva); only a few grey foxes ( Urocyon cinereo-argenteus) occurred 
in the material. This is especially interesting since the red fox is only 
to a slight degree associated with human dwellings. Also the opossum 
(Didelphis virginianus) (two out of 152 = 1.3 per cent) and raccoon 
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( Procyon lotor) (four out of 584 = 0. 7 per cent) were lightly infected. 
It is also significant that trichinae were found in four of 25 (16 per cent) 
coyotes (Canis latrans). Of this same species, one of eight specimens 
from Alaska proved to be infected (295 ). Finally, two out of 92 spotted 
skunk ( Spilogale putorius) were found infected. Trichinae were found 
in one or other species in localities far apart in Iowa. 

By these findings , other reports ( 152, 345) of trichinae in the Ame­
rican badger (Tax idea tax us) and the skunk ( Mephitis mephitis) , re­
spectively, both in Maryland , gain in significance. The same holds good 
for the not more closely specified occurrences in the American badger 
and raccoon (353). Also the coyote and the wolf have been mentioned as 
spontaneous hosts for trichinae. I have not been able to trace the source 
of this statement (Own observation?) (96). It is true that in some cases 
an infection from infected refuse could not be precluded and it is evident, 
as will be clear from numerous experiences from Europe referred to 
later, that in inhabited regions there will be an interplay between the 
infections in domesticated and wild animals. The previously baffling 
occurrence of trichinae in grain-fed pigs might partly get its explanation 
in an accidental contamination of the food by carcasses of carnivores 
and possibly, also, to a certain extent by feces of these animals containing 
undigested capsules ( 418). The fir st explanation actually holds good 
in some places in Europe (see p. 49, 50). In six feral swine from the south­
eastern United States no trichinae were found (144). 

Asia and Russia. If we consider the distribution in Asia-Europe 
of a number of the previously mentioned mammals (59, 72) which like­
wise have a widespread occurrence in the North American arctic-sub­
arctic and boreal regions (see e. g. 78) , it will be evident that over vast 
areas of wilderness there is a biological interplay among these species, 
on the one hand towards the Arctic, on the other towards warm t emperate 
zones. Our actual knowledge of Trichinella from the central regions of 
these distributions is practically nil, but interesting information is at 
hand from the fringes of these areas of distribution. 

The data from America have been commented upon above. As 
in Alaska trichinae have been found in the Far East, in Kamchatka, 
in brown bear ( Ursus arctos) (413). The same species has repeatedly 
been found to be infected in Caucasus, the southern border region 
between Russia and Asia (61, 133, 308, 334). Also in other regions of 
Russia trichinae have been found in the brown bear (245 ), even though 
the actual localities are not indicated , in percentages of infection up to 
30. From the Moscow region an outbreak caused by ingestion of brown 
bear meat is reported ( 45 ). In this context a find made in a bear in Berlin, 
in the Offices for Foreign Meat Inspection, may be mentioned (1 7). 
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Very high percentages of infection are mentioned (245) in a number 
of carnivores, especially wolf, fox and badger (see also 41, 243, 337, 
authors who in various regions and at various times found the badger 
to be infected), but also various martens. Further, the lynx (53), the sable 
(Martes zibellina) and the wild cat (Pelis catus) (262) are indicated as 
hosts. In the White Russian Republic the following animals were in­
fected: 19 out of 33 foxes (58 °/ 0), 21 of 24 wolves (88 °/ 0), two of 5 lynx, 
and one of two raccoon-dogs (277). In the region around Saratov (lower 
Volga) 97 of 152 wolves (54 per cent) were infected (60), and practically 
all adult wolves in the Kursk region (almost midway between Saratov 
and Kiev) were infected (150). 

Trichinae occur in wild boar ( Sus scrofa) in the lower Volga region 
(104, 307). A general percentage of infection of twenty is given (245) . 
Also from Kazakhstan in Caucasus it was recorded (89). 

In the Tatar-Republic in Caucasus various fur-bearers were found 
to be infected in fairly high percentages (232): fox (twenty-three of 
187 = 12 °/ 0), European mink ( Mustela lutreola) (four of 101 = 4 °lo), 
pine marten ( Martes martes) (three of 15 = 2O0/o), stone marten ( Martes 
foina) (one of 13 = 80/o) and ermine (one of seven) . No less than three 
caracals (Caracal caracal) of 9 examined were infected, in the zoo of 
Ashkhabad in Turkmenistan (195). In Tadzikistan, on the outskirts of 
the Himalayas, 936 wild boars in 1953- 1955 were found to be without 
trichinae. Trichinae occurred, however, in one out of four in the Nuregs­
kogo mountain district in 1956. Furthermore, trichinae were found in 
three out of 69 brown bears examined (7 .3 °lo) (261). 

The far Eastern raccoon-dog (Nyctereutes procyonoides) has been in­
troduced in recent years into various parts of Siberia and Russia. Trichi­
nae were found in light infections in the N ovgorod and Leningrad regions 
(53). One of five raccoon-dogs examined was infected in the Tatar Re­
public (232) . This species has been found infected in Germany too 
(see 194). This may have been a farm-animal; the original paper has 
not been available to me. It may be mentioned here that this species of 
carnivore is spreading westwards, towards Germany and into Finland 
and Sweden, and populations are about to establish themselves in these 
countries also from individuals escaped from fur-bearer farms. 

Eastern Europe. In Hungary it is probable that trichinae occur 
in foxes and badgers (197). In Poland in the Bialowieza-Forest, Trichi­
nella has been found in wolf, fox and lynx (50, 51). One out of 6012 
wild boars were found to be infected (312). Another statistics furnished 
a percentage of 0.75 (199). Of 66 foxes about 20 per cent were infected 
(209). It is evidently widespread in Poland, as the map on p. 343 
in this latter paper shows. Seven of 68 foxes (1O0/o) (123) and 17 out 
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of 75 wild foxes (23 °lo) were infected (202). Human outbreaks after con­
sumption of meat of wild animals living in the forests are reported 
(349). Trichinae were found in East Prussia in a badger, living far from 
human habitations (223). 

From Czechoslovakia a find in a stone marten in Neuschloss, Bohe­
mia, is reported (83), and trichinae are indicated to be widespread among 
upland carnivores and rodents in Slovakia (164) . . (Regarding the latter 
hosts , see below p. 52 ff). The following species were found to be infected: 
20 out of 74 foxes (270/o) , four of 6 lynx , one out of 3 wolves, three of 
19 wild cats (150/o). Four badgers, 3 pine martens, 2 stone martens, 
8 pole cats, and 121 stoats were negative (250). 

Scandinavia. As mentioned above, one case of trichinelliasis in 
a brown bear is known from Northern Sweden (55). Foxes and badgers 
are rather commonly infected. Seven out of 16 foxes examined were 
positive (= 440fo!) (153) . The investigation of a big material of foxes 
from the trichina-inspection offices in Stockholm is reported (165) , but 
unfortunately, no distinction is made between farm and wild foxes. 
However, 64 out of 2826 examined badgers at the same office (2.3 °/ 0 ) 

harboured an infection. 
In Norway also, foxes and badgers are often trichinous. 1The work 

regarding wild carnivores has been summarised ( 169). According to 
this summary, 28 of 135 foxes (22 °/ 0), and two of three badgers were 
found to be infected. In Norway and Sweden two other important prob­
able hosts of Trichinella occur, viz. the wolverine and the lynx. In the 
years 1941- 1946 3232 samples from human beings in Norway have 
been examined. Eight of these revealed trichinae ( = 0.248 °lo) (169). 
The overall infection in hogs appears to be considerably higher in Norway 
(around 0.01 °lo) than in Sweden (about 0.0001 per mille) (247). Both in 
Norway and in Sweden outbreaks among human beings have been descri­
bed up to these days (40, 119, 341). They were caused by infected hog. 

Curiously enough, trichinae do not seem to have been found in 
pigs in Finland, up to 1940, even though trichina-inspection is regularly 
performed (365), but in recent years some were found (1954: 4, 1955: 4, 
1956: 2), while cases in man have not been reported since 1890 (247). 
No doubt they will be found in wild animals, if they are looked for. 

In a polar bear from a zoological garden trichinae were found under 
such circumstances that the acquisition in Finland would seem probable. 
The source of infection is supposed to have been dog meat (155).- Den­
mark will be considered below (p. 59). 

From the data considered above it would appear that Trichinella 
spiralis is distributed with an enormous frequency in wildlife in the 
fringes of the North European and Asiatic wilderness areas, so to speak 
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radiating from it. It does not seem unreasonable to predict that the 
wild carnivores in these vast areas will prove to be highly infected. 

Germany. From the above described distribution of trichinae in 
Eastern Europe there is an even transition to the conditions in Germany, 
where comparatively intensive studies on their distribution in wild­
living carnivores and in the wild boar have been made. Our most complete 
knowledge is derived from the central and southern mountain regions, while 
less is known from the eastern and northern plains. Most reports concern 
its occurrence in wild boar, fox, and badger. Furthermore, the occurrence 
in polecat ( Putorius putorius) and pine marten is known from isolated 
finds. The frequency of occurrence is only noted in rather few instances. 
Thus 21 (0.075 °lo) of 27866 wild boars examined in Berlin were positive 
(69). Also in the decade before the turn of the century wild-boars exa­
mined at the inspection office in Berlin were often found to be infected 
(132). Of 120 foxes from various parts of Germany, five were found to 
be infected (4.2 °lo) (83). 

Trichinella has been reported from all the major provinces of Ger­
many. As already mentioned, an infected badger was found in Ost­
Preussen (East Prussia) (223) . From this region a case has likewise been 
reported, of a group of pigs of which only those that had been feeding in 
a forest were found to be infected (27). On the plains of Brandenburg 
the wild boar was found infected, and an outbreak of trichinosis in 
man after the consumption of meat of a badger is also reported (317). 
However, trichinae did not occur among 179 foxes near Frankfurt a. d. 
Oder (210). A trichinous wild boar was found in Pommern (206) . From 
Mecklenburg (Northern Germany) also, only older records are available: 
on two occasions an infected polecat, furthermore a wild-boar was found 
(217 , 218), and two badgers, which were dug out of the same den, were 
also infected (367). 

In the East, in Schlesien (Riesengebirge), a trichinous fox has been 
found (219). In Sachsen (Saxonia) along the Erzgebirge, bordering on 
Czechoslovakia, trichinae have been found in foxes (148, 163, 192) and 
badgers (15, 103, 194). From both of the latter species other finds are 
also reported (44, 400), also the occurrence in wild-boar, in which species 
trichinae had previously been found once in these regions (14, 400). 
A dog, which had been fed on fox meat, was found to be trichinous (194). 
Along the mountains west of Czechoslovakia, in Bayern (Bavaria), 
trichinae have most often been found in foxes (23, 44, 357), but also 
once in a wild-boar (44). An outbreak comprising 6 persons, occured in 
1882. The pig had been fed on fox meat (39) . 

In Wurttemberg (between Bayern and the Schwarzwald mountains) 
infection with trichinae has been found to be extremely widespread and 
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frequent in foxes, even though no actual percentages are given (19, 20, 
23, 27, 28). In the wild-boar it has also been found (26, 44). In Baden, 
the region of the Schwarzwald mountains along the border to France, 
both foxes and badgers have been found to be infected (44, 49, see also 
Deutsche Jagd , 1935, p. 1147). 

From the northermost mountaneous regions, the Harz mountains 
(in Braunschweig), a number of observations from earlier times are 
available, from polecat, pine marten, and fox (386-387). The occurrence 
in the latter host was also reported more recently (309, 369). Seventeen 
per cent of 48 foxes ( 173) and 1.4 per cent of 139 foxes (335) were found 
to be infected. In this region also the wild boar has been found to be 
trichinous (191) . In Hessen (with the mountain regions of Odenwald , 
Taunus, Vogelberg, etc) the foxes are frequently infected (23, 28, 91 , 
184, 386), sometimes also the badger (184). Another paper indicates 
4.6 per cent foxes (out of 260) and two wild boars to be infected. The 
author treats the distribution in some detail, giving a map (313). 

Finally, several reports are available from the Rheinland, along the 
boundaries to Belgium, Luxemburg, and France, including the Eifel , 
H unsriick, and W esterwald Mountains. From the Trier region, near 
Luxemburg, an interesting case was reported: in a number of groups of 
domestic pigs some specimens turned out to be trichinous. One group 
had been driven out to feed in the forests, and infection was noted in 
this group only (260). The same authors found no less than four of ten 
foxes infected. High percentages of infection were also found among 
foxes in the Westerwald Mountains, viz. 11.5 per cent of 330 specimens 
examined ( 128). Considerably lower percentages were found in foxes 
from the Rheinland (no more specified locality is given), viz. 3- 4 per 
cent of 137 specimens (209), and in 335 foxes from the Eifel and Hunsrii ck 
Mountains 1.5 per cent was found to be infected (92). A single additional 
case from the same region has been recorded (22).-A few other papers 
(122, 131, 257) on trichinae in foxes and badgers in Germany have not 
been available to me. Attention should be drawn to the spreading of 
the raccoon-dog (see p. 47) and to the American raccoon in Germany 
as probable hosts (259). 

In Austria infected foxes were found in the regions of St. Potten, 
Waidling, and Klosterneuenberg (395- 396). 

In Belgium an outbreak was caused by meat of wild boar (270). 
The same was the case in Holland (409). In Luxemburg a trichinous fox 
was found in 1943 (247). 

Switzerland. That trichinae are widespread among wild-living carni­
vores in Switzerland has only been recognized because compulsory 
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trichina-inspection of fox meat was introduced during the war. In 1942-
43, six of 58 red foxes were infected (ten per cent) (9), in 1943- 44 no 
less than 11 out of 26 examined specimens ( 42 per cent) ( 172). In the 
total material (including the above) of 235 , 40 infected specimens were 
found (17 °/ 0 ) (10). The occurrence has been established in a number 
of the cantons, in varying percentages, Basel (207), Aargau, and Schaff­
hausen, bordering on Germany; Graubiinden, bordering on Austria and 
Italy, and from the centrally located canton Zurich. One infected wild 
boar was also found among 171 investigated (0.58 °/ 0). Twenty-nine 
badgers were found to be noninfected (10) . 
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SOME REMARKS ON THE OCCURRENCE 

OF TRICHINELLA SPIRALIS IN INSECTIVORES 

AND VOLES, MICE AND RATS, 

WITH CONSIDERATIONS ON TRANSMISSION THEORIES 

It may be appropriate here to mention some papers, the indications 
of which are in danger of being generally accepted and might then 
haunt the textbooks for the following century! High percentages of 
Trichinella in shrews and moles are reported from the Bialowieza Forest 
in Poland (50, 51, 183) , and from Slovakia (164). These occurrences 
were accepted without comment in several recent papers (54, 225, 245 ). 

KoTLAN (198) the well known, very experienced Hungarian parasito­
logist , considered it probable that the parasites taken to be Trichinella 
spiralis were not in reality that species, but rather some ascaroid larva. 
He based this view upon the examination of 635 field mice , 234 voles, 
and 14 7 insectivores. KozAR & WARD A (201) were unable to find Tri­
chinella in insectivores in the Bialowieza Forest, whereas they frequently 
found them infected with ascaroid larvae, which they supposed to belong 
to the genus Porrocoecum. They assumed, therefore, that a confusion 
with these parasites had occurred. Finds of larvae of Porrocoecum sp. 
in moles in Russia were described (284). It is significant in this connection 
that one of the above-mentioned papers (183) records the occurrence 
of the larvae in the muscles of the neck and in the peritoneum! I have been 
unable to find any evidence showing that the occurrence in insectivores has 
been confirmed by experimental feeding to white mice, as stated in 
a recent paper (295 ). The presence of ascaroid larvae as a source of 
error is mentioned in some textbooks already (see e. g. 117), to say nothing 
of the earlier authors (see e. g. 127, 385 ). 

It will be remembered that in the sixties of the last century "tri­
chinae" were found in a great many animals right down to amphibians 
and fishes. As a remembrance from that time e. g. the hedgehog ( Erina­
ceus europt£us) and the mole (Talpa europaea) have for almost a century 
posed in the lists of Trichinella hosts 1). 

1) I cannot resist the temptation to quote here a statement by VrncHow 
(1865, p . 352), in regard of host lists, which is still applicable today: "Ich mi:ichte 
daher den Helminthologen ans Herz legen, etwas weniger verfangliche Ausdriicke 
zu gebrauchen und zum mindesten die gewi:ihnlichen oder zufalligen Vlohnsitze 
zu unterscheiden". 
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One of the sources is by VmcHow (1866), who in a brief note cau­
tiously reports the finding of nematodes in the musculature of this latter 
mammal. The same is the case with a paper which reports "trichina" in 
the mole (Scalopus aquaticus) from Illinois, U.S.A. (68). That the indica­
tions of trichinae in mole were erroneous, was pointed out already by the 
above-mentioned early authors. What I want to point out is that as 
yet no evidence of the occurrence of Trichinella spiralis in 
insectivores is available. Its occurrence in this group of mammals 
cannot, of course, be denied on this basis and occasional finds, especially 
in hedgehogs, might even be possible. But any widespread occurrence 
appears to be very improbable. 

In a material of about 500 mice and voles, presented in the above­
mentioned paper ( 183) the authors found low percentages of "trichinae" , 
which findings were also accepted in the above-mentioned papers. In a 
still greater material the Polish authors mentioned (201), in agreement 
with the above-mentioned findings found no Trichinella, but only ascaroid 
larvae. The location of the larvae, as cited above (183), was the same. 
From this it might appear that trichinae must at least be of very rare 
occurrence in wild-living rodents. 

This is in accordance with several comprehensive investigations in 
Germany, where the opinion once prevailed that the observed high 
frequency of Trichinella in foxes might be due to infection by small 
rodents . Ninety-three house mice and shrews were examined without 
any trichinae being found (173). Voles, in numbers of 196, (128) 521, 
(254) and 796 (313) were likewise examined without result, from locali­
ties where the foxes were heavily infected. Several Russian investigations, 
among more than 700 house and field mice in human habitations, found 
less than two per cent to be infected , and more than 1000 voles non­
infected (245 ). Furthermore, 708 specimens of various species of mice 
and voles were examined without the finding of trichinae (246). In the 
White Russian Republic 106 voles and 27 moles were found to be nega­
tive. The indication of trichinae in two out of 71 red-backed voles, in 
woodland biotopes, must be met with skepticism (277). 

That Trichinella may occasionally be found in voles is possible, 
but no evidence has as yet been produced and there can, therefore, be 
no question of widespread and frequent occurrence in the temperate 
regions here treated. That trichinae may occur in house and field mice, 
living close to human habitations and offal, is a matter of course. The 
recorded frequencies are generally astonishingly small as compared with 
that of rats. It may be due to the short life of mice as compared 
with rats. 

In my opinion the development of views upon the epidemiology of 
trichinPlliasis, which is the basis for human trichinosis, would have taken 
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a more sound course if ZENKER's (1871) view of the swine-to-swine 
infection had been victorious. As things turned out, however, the 
rat-theory went into the textbooks on LEUCKART's (1866, 1876) autho­
rity, with the result that among scientific workers and practioners the 
word trichinae released up to the present day, like in a conditioned reflex, 
the concept swine and then rat! All evidence shows, also that presented 
and quoted above (to say nothing of the enormous amount of experience 
in the U.S. A. (see e. g. 136), in regard to swine trichinelliasis) , that 
ZENKER was in all essentials right: He considered the rat trichinelliasis 
as a symptom of the occurrence of trichinae in swine and the real 
source of infection for both pig and rat to be scrap and offal of 
hog, that is, carcasses. Hence, trichinelliasis in wild rodents can chiefly 
be expected to occur in subarctic and arctic regions, where food is 
scarce, and the animals may experience long periods of hunger. This 
has been amply demonstrated in Alaska, as dealt with in detail above 
(p. 40). 

In this context it might be pointed out that already GERLACH 
(1866) states: "In jtingster Zeit ist die Ansicht aufgetaucht, <lass die 
Trichinen besonders von den Ratten ausgingen und unser Schwein sie 
stets von diesen bekomme. lch kann die Ratten nicht als die eigent­
lichen Trager der Trichinen betrachten, weil sie nur bei Mangel an N ahr­
ung, namentlich an Fleischkost, die Leichen ihres Gleichen auffressen 
und der Kreislauf under den Ratten ohne Schweine nicht wtirde bestehen 
konnen. Wo Trichine unter den Ratten gefunden werden, da mtissen 
trichinose Schweine oder andere Fleischfresser gewesen sein". He was 
acquainted with ZENKER's views from personal communication. It is 
interesting to observe how the germ of the correct view was present 
from the outset. 

ZENKER (1871, p.391) summarises hisviewin the following sentence: 
"Ich betrachte die trichinosen Ratten als ein Symptom des Vorhanden­
seins trichinoser Schweine". Although acquainted with ZENKER's view 
LEUCKART (1876) is obstinate "selbst auf die Gefahr hin, <lass Andere 
mein Festhalten an der Rattentheorie vollig unverstandlich finden". 
(This sentence may be a quotation from HELLER, (149)) . After an expo­
sition of ZENKER's view, his argumentation goes on in the following way: 
"Die Trichinen haben voraussichtlich schon in einer Zeit existiert, in der 
das Schwein noch nicht domesticiert war; in dies er Zeit konnen dieselben 
aber nur <lurch denselben Vorgang, den wir fur die Ratten oben in 
Anspruch genommen haben, erhalten sein. Die Schweine mtissen damals 
also die Leichen ihrer Genossen verzehrt und dadurch die Trichinen fort­
gepflanzt haben. An sich involviert diese Annahme nattirlich keine 
Unmoglichkeit. Man konnte sie mit demselben apriorischen Rechte auch 
fur die Katzen und Ftichse und Marder und die tibrigen fleischfressenden 
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Trichinentrager geltend machen". He thinks that he deals ZENKER's 
view an especially heavy blow with the following question, which relates 
to the finding in 1875 of a heavily trichinous wild boar : "1st derselbe 
vielleicht auch mit denAbfallen eines trichinigen Hausschweins geftittert ?" 
With the same right it might be asked: has it, perhaps, been hunting 
trichinous rats? The former possibility would seem more probable than the 
latter. He continues: "Die Entscheidung dreht sich bloss um die Frage, ob 
diese Tiere durch Vorkommen, Zahl und Lebensweise gleich geschickt sind , 
auf diese Weise einen geniigenden Umtrieb der Parasiten zu unterhalten". 
It will be seen that the question has been decided just that way. It is 
amazing how close he was to the right answer, being apparently mainly 
kept back by the preconceived ideas 1) that the intermediate host must 
be living (see the above quotation: "If they might be versatile enough" ), 
2) that he had already made up his mind for the rat, even if he had no 
evidence that rats are able to perpetuate an infection among themselves. 
GLAZIER ( 1881, p. 55) writes: "It is now generally admitted that the 
muscle trichina is - - mostly limited to the carnivora", and HmscH (1888) 
observes "dass, wie ZENKER (1871) nachgewiesen hat, die sog. Ratten­
Theorie iiberhaupt auf einem Irrtum beruht". 

In the case of wild-living fur-bearers it appears even more clearly 
that carcasses are the natural source of trichina infections (cf. p. 56). 

It is interesting to observe how difficult it has been even for several 
of the men who put forward the evidence of this phenomenon in the case 
of the fur-bearers, to disengage themselves from the spell of LEUCKART. 
The first to stress the frequency of trichinae in foxes in Germany was 
STROH (357). He even came to the conclusion that trichinous rats and cats 
cannot furnish a sufficient explanation of the extent of the infection. 
Then he takes his resort to voles! This resort did not hold good: Several 
authors (128, 173, 254) having given up the rats discarded the theory 
of voles on the strength of their results , and found the main expla­
nation of the infection in the so-called " Luderplatze", places in the 
forest in which carcasses, especially of carnivores are thrown in order 
to attract fur-bearers and then trap or shoot them there. But they 
still keep the door ajar for the assumption, also, of some living inter­
mediate host. 

A German author (209) gives the rat an important place in his 
diagrams of the transmission of the trichinae among foxes , rats and 
pigs, even though he is aware of the importance of the "Luderplatze" . 
A Russian author's diagrams (245) present a more balanced view of 
the question, but in my opinion still overstress the importance of living 
intermediate hosts. Several German authors (313, 332, 326) (the latter 
observes: "Eine selbstandige Rattentrichinose existiert nicht"), and 
(343) clearly join the above explanation, considering carcasses to be the 
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only source of any importance. It should be kept in mind that 
in the "Luderplatze" we are merely co nfronted, in a more 
or less marked degree, by a phenomenon which will always 
occur in nature if some animal dies, namely, that the body 
will decompose and attract scavengers. 

It may be appropriate to take up to discussion here another theory 
put forward regarding the spread of Trichinella in nature (see above 
p. 27). In several papers one author (318-321) advocates the importance 
of carcasses for the spread of trichinae among foxes and badgers in 
Germany. It is astonishing, therefore, to observe that in the case of the 
arctic trichinelliasis he tries to explain the widespread occurrence as 
mainly due to the spreading of carcasses, even after passing through 
their intestinal canal, by predaceous and scavenging birds (4-5, 321-
322) . He and his coworker admit that they have been unable to procure 
any evidence of their hypothesis. It is not my intention, of course, to 
assert that this mode of spreading would never occur, but it seems to 
me to be rather farfetched to use this as the main explanation, all the 
more so since I think that I put forward evidence according to which 
it would be most natural to assume that also in the Arctic carcasses as 
such constitute the main source of infection. And similarly, in my 
"campaign" against the rat (rodent) theory, it would, of course, be silly 
to maintain that an infection through rodents, also living ones, never 
occurs. Still all evidence points to the probability that it only takes 
place under exceptional circumstances. 

In this chapter another faithful member of trichina host lists may 
be mentioned, namely the marmot ( Marmota marmota), which occurs in 
the central European mountains. The reference appears to be based 
upon old reports (395-396). One of two specimens was found to be 
infected, in Austria. It seems advisable to await a confirmation of this 
occurrence, considering that the marmot is a rodent. Twentyfour Swiss 
and 1873 Russian marmots were found to be noninfected (10, 246). 
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SUMMARY OF TRICHINELLIASIS IN WILDLIFE IN 

EUROPE, KNOWN AND UNKNOWN, WITH NOTES 
ON THE DISTRIBUTION IN MAN AND PIG 

It is evident that the infection is widespread in carnivores and wild 
boar in Russia, Poland, Czeckoslovakia, Hungary, Germany, Austria, 
Luxemborg, Belgium, Holland and Switzerland, to the very borders 
of Italy, Yugoslavia, Roumania, the Balkan countries and France. 
From these latter countries no actual finds in wild animals have been 
reported. However, both fox, badger and pine marten are continuously 
distributed in all of the above-mentioned countries, including the Iberian 
Peninsula. The wild boar has an almost continous distribution through 
France, across the Pyrenean Mountains, to Portugal and Spain. 

Of highly infected species in Eastern European countries the wolf 
regularly makes its way into Eastern Germany, is present in various 
centres in France, is widespread on the Iberian Peninsula, in Italy and 
in the northern countries of Balkan, including the Carpathian Moun­
tains. Even the bear occurs in now isolated centres in The Pyreneans , 
the Alps, the Appennines, the Yugoslavian Mountains and in the 
Carpathians. It seems reasonable, therefore, to assume that the Trichi­
nella infection is widespread also in France and Southern Europe in 
wild-living carnivores, since whereever actual investigations have been 
performed, these animals have been found to be infected. This will 
probably turn out to be true also of the jackal (Canis aureus), which is 
widespread in the Balkan countries and which is included in several 
lists of Trichinella-hosts . I have not been able to trace the source of 
these statements. Almost 10 per cent of straying dogs in Bukarest 
(Roumania) were found to be infected (363). 

The view underlined above may apply to the British Isles too. 
It is true that TAYLOR (1944) (one is tempted so say, led astray by the 
" rat-theory") examined no less than 636 stoats or ermines, 78 weasels 
( M ustela vulgar is) and two polecats ( Putorius putorius) without finding 
any trichinae, but none of the main hosts in Central Europe, badger 
and fox, the animals which would most likely be infected. As a matter 
of fact, the worm has now been found in a red fox in Cornwall, South­
eastern England (269). Quite probably therefore, trichinae will turn out 
( 
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to be widespread in badgers and foxes in the British Isles. Attention 
should also be paid to the wild cat, which still occurs in Scotland, and 
the pine marten, which especially occurs in Ireland. 

In all the above-mentioned countries, also those from which no 
direct evidence of trichinous wildlife is as yet available, trichinosis 
in man is known from olden times up to the present day. I will mainly 
confine myself to citing a few recent papers. From France reports are 
available that only four cases of trichinosis are known (381), but it is 
stressed that during the war the Germans found a total of 53 trichinous 
hogs in Paris (see also 108). In another paper (382) this was reduced to 
only one known outbreak and that the Germans found one infected 
hog! In a FAO report (37) the situation in France is characterised in the 
way that trichinae occur with low frequencies and the disease is sporadic, 
but still met with. Another paper (64) reports how a German prisoner 
of war contracted trichinosis from pork given him by a local farmer. 
This demonstrates in an interesting manner the decisive importance 
of the eating habits for the development of the disease. That trichinae 
have been of widespread occurrence in pigs in Paris in earlier years, 
appears from the fact that no less than 5 rats were found to be infected 
out of 72 examined (7 °lo) (134, 135). Big outbreaks in the twenties of the 
last century were also reported (58, 214). Numerous early reports are 
available for Elsass-Lothringen (see 354) and the Saar region (333). 

Recent outbreaks on the Iberian Peninsula have been reported 
from Portugal (11) and Spain (224, 279). In Lisbon only 0.002 per 
mille of pigs have been found to be infected (247), in Spain in 0.018 
per cent (323). 

Even though no trichinae were found in more than 300,000 pigs, 
and in about 100 rats and about 120 humans from all over Italy (8) , 
several outbreaks have occurred , also in recent years (56, 222, 297). 
One author (297) is of the opinion that it is doubtful whether Trichinella 
is endemic in the Italian peninsula, though he admits that it is probably 
the case in Sicily (see 102). An incident from Montemaggiore was re­
ported in 1945, when no less than 21 of 707 pigs examined (2. 7 °/ 0) turned 
out to be positive (247). Another author (101) states that this parasite 
apparently remains a fairly frequent cause of trouble in Northern Italy. 
Finally, the finding of trichinae in hog in the abattoirs of Rome has 
also been reported (233). 

From Yugoslavia (43) and from Greece (220) outbreaks have also 
been reported. In the latter case the authors try to shift the source of 
infection to Bulgaria, in spite of the statement that the pig responsible 
for the infection was fed up in the village in which the outbreaks occurred. 
In the following years several more outbreaks occurred, rousing great 
alarm among sanitation officers in Greece. By and by trichinoscopy was 
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introduced and revealed a high incidence of infections. Sixty per cent 
of the rats in an abattoir in Athens, and still 16-24 per cent on city 
dumps, were positive. Of 5,052 pigs inspected in Attica in 1952-53 
no less than 114 were infected (2.24 °lo), while from the provinces outside 
of Attica (this latter being the immediate surroundings of Athens) four 
out of 10,652 ( = 0.03 7 °lo) were infected ( 189). 

In the British Isles only rare cases in hogs are on record, but it 
appears that only few have been investigated. Trichinosis in man has 
been known ever since the disease was recognised. An English physician 
named Woon ( 1835) was the first to recognise the connection between 
the worm and the disease, as soon as PAGET's and OwEN's (1835) dis­
coveries of Trichinella were published. However, this idea of Woon's 
was completely overlooked and forgotten until ZENKER (1860) definitively 
established the pathologic picture through his painstaking research. 
At this early time subclinical infections were known to be quite common 
in the British Isles, but recent work (411) suggests that they are rather 
commoner to-day, for in Southern England they are almost as frequent 
as in the U.S. A., viz. about 10- 12 per cent, as against not more than 
1.5 per cent in Germany (161 , 331). 

The number of known outbreaks in England rose during the last 
war and outbreaks have been reported at any rate as late as 1953-54 
(109, 338). In 1957 an outbreak in man was recorded from Eire, but 
recent trichinoscopic examinations of pigs have as yet revealed no in­
fection (247) . From what is known about conditions in England it 
seems probable that trichinae are more widespread in pigs in England 
than e. g. in Germany. The prevalence might rather be on a level with 
that in the United States. There must also be a widespread, but not yet 
fully recognised, source of infection, probably garbage, with a possible 
additional, more accidental, source from wild animals such as foxes, etc. 

The Special Situation in Denmark. 

In order to round off the description of conditions in Europe it 
will now be necessary to turn to Denmark. Only eight years after the 
discovery in England, Trichinella spiralis was also observed during 
dissections in Copenhagen (359), and in the early sixties several outbreaks 
were recognised. In the subsequent years several clinical cases occurred 
even in the present century. A total of 115 cases are known. The last 
outbreak which could be traced with certainty to Danish pigs was met 
with in 1910 (116). The last directly published epidemic was described 
in 1904 (282). In the latest reported case (18) the origin of the meat 
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could not be ascertained and the infection with foreign meat cannot, 
therefore, be excluded. 

A few autopsy studies on the occurrence in man are available 
(116, 162). In 1904- 05, 627 were investigated, giving an infection 
percentage of three. From 1911-15, 491 autopsies disclosed an infection 
in three cases, or 0.6 per cent, all of them old calcified ones. In the mean­
time a rather intensive trichina inspection had been going on, revealing 
a marked decline in the frequency of the infection in pigs. The same 
trend was evident in dogs, cats and rats ( one more argument against 
the rat theory!) (160) . In 1918, still 0.4 per cent of 304 dogs and 251 cats 
were found to be infected (171), but none were found among 546 dogs 
and 454 cats in 1935 (160). The last infected pig was found in 1929, 
and never since have trichinae been found in pigs, even though several 
millions have been inspected. 

During the war the discovery of heavy infections in tame and wild­
living fur-bearing animals in Norway and Sweden aroused concern in 
Denmark, especially because most of the Danish fur-bearing farm ani­
mals had their origin in these countries. Therefore a series of investi­
gations were initiated (90, 143, 228). The astonishing result was that 
of 3003 silverfoxes and 1813 farm minks, none was infected. The same 
applied to 961 wild-living foxes and 68 badgers. Both materials originated 
from many localities all over Denmark. Also 1729 dogs turned out to be 
uninfected . Only one of nearly 1200 rats ( Rattus norvegicus) presented 
an infection. It originated from a city dump in the Copenhagen area, 
and may have been introduced through the intensive transport from 
Germany during the war. The story of the single cat which was found 
to be positive among 875 examined ones could not be traced. It may 
likewise have been introduced. 

The situation among fur-bearing farm animals has been kept 
under control ever since. About every second year all pelted farm fur­
bearers are inspected, preferable all specimens introduced for breeding 
purposes. One of these investigations, comprising almost 5,000 animals 
has been published (252) . In one or two cases trichinae have been found 
in such imported animals, but in none else. In the period since 1930 
some 150 wild boars originating from animal parks in Denmark have 
been inspected in Copenhagen without revealing any infection (personal 
communication from the inspection office). Some fifty wild boars im­
ported from Germany in 1930-31 also proved to be negative. 

At all events, it is evident from comparisons with the surrounding 
countries that the trichina situation in Denmark is uniqu e 
in that the worm appears to be practically non-exi stent, 
the chan ce of widespread occurrence in wild-living animals 
being inco nsi d er ah I e, and none having actually b een found 
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to be infected. There are indications in the literature suggesting 
that similar conditions may prevail in the regions bordering on Denmark. 
Among the districts in Sweden in which trichinae in badgers have been 
found, Skane, Halland and Blekinge are not mentioned (165). From 
Germany, it was found (326) that in Holstein trichinous pigs are practi­
cally non-existent and as in Denmark the habit of using "Luderpla.tze" 
is unknown. In the period 1945- 50 no trichinae were found in pigs in 
South Schleswig and Holstein (44). In 1951 one infected pig was found 
but otherwise none in a total of 4,764,920 inspected ones, including 
the year of 1956. The same was the case with 2,843,979 pigs inspected 
in Hamburg. In Bremen, two from the regions along the coast between 
Hamburg and Holland were found to be infected in 1952 of a total of 
927, 955 inspected in 1951-1956 (351). This should be investigated more 
closely, and in Holstein, as in many other places, this might be rather 
easily done in connection with current studies on rabies in wild animals. 

Possibly similar conditions to those in Denmark prevail in Holland, 
since in the abattoirs of Amsterdam no trichinae have been found in 
hogs since 1927 (247). Evidence up to 1940 has been given (238) .On 
the other hand, an outbreak later than anyone recognised in Denmark 
has been reported (280). Of special interest is a recent outbreak caused 
by meat of wild boar (409). The boar, being a straying animal, may 
have acquired its infection outside of Holland. An investigation of foxes 
and badgers is badly needed to clear up the problem. 

Since the decline of trichinelliasis in man, pig, dog and cat in Den­
mark during the years appears to be dependent upon the activity of 
the trichina inspection, it is of course tempting to assume that this 
is also responsible for the apparent absence of trichinae in wild fur ani­
mals in Denmark. However, German data (332) do not seem to support 
this assumption. 

As seen in fig. 8, re-drawn from the paper mentioned, as trichina 
inspection grew more and more common in Germany there was a steady 
decline in the incidence of Trichinella among pigs until 1913. A quite 
parallel course of events was observed in Sweden (311). A temporary 
increase apparently occurred in Germany during the first World vVar, 
probably owing to the partial disorganisation of the inspection and to 
a considerable illegal import of pork from Poland and Russia. During 
all these years there was a tendency to a higher incidence in pigs in the 
eastern provinces of Germany (79). It may be in place here to mention 
that in Riga, Letland, a similar decline as in Germany occurred, with 
a virtual disappearance in the late thirties (305 ). Since 1926 there does 
not seem to have been any appreciable decline in Germany. 

What especially concerns us here is that during this decline and 
further on, the infection in the fur-bearers and wild boars has remained 
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on a level many times higher than that found in pigs. It seems most 
probable, therefore, that this level is upheld without any appreciable 
influence from the infection in pigs. Conversely, the low level in pigs, 
which it seems cannot possibly be reduced further , might in some 
degree be connected with the occurrence in wild mammals, as has been 

o,6 
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0,1 

Fig. 8. Decline of incidence of Trichinella in pigs in Germany, 1876-1936. 
(Redrawn from ScHooP & Sc HAD E (1939)). 

demonstrated directly in several cases cited above . Garbage does not 
seem to play any great role in Germany, which apparently is a result 
of the inspection. 

In historical times the lynx, wild cat s and bears have not occurred 
in Denmark and the above-mentioned neighbour regions of Sweden and 
Germany (99) (possibly with the exception of the lynx, which in recent 
years is spreading to Southern Sweden). For nearly a couple of centuries 
the wolf and the wild boar has not occurred in the same regions; they 
are big animals, which attain a comparatively great age and have t here­
fore, a greater chance of getting infected; furthermore , when dead , they 
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supply large quantities of meat for scavengers. In most places whence 
actual knowledge of the occurrence in wild mammals is at hand, some 
or other of the above-mentioned big animals is present. 

It might be imagined, that when the source of infection from domestic 
pig to wild animals was stopped in Denmark (on the one hand owing 
to new practices in hog raising during the latter half of the last century 
(almost exclusively stall-feeding), on the other hand owing to the elimi­
nation of trichinae from pigs i. a. through the trichina inspection), the 
foxes and badgers were no longer able to uphold the infection among 
themselves, for localities like the German "Luderplatze" will only 
exceptionally be found in Denmark. Incidentally, it might be stressed 
that a characteristic of trichinelliasis which is often met with, is the oc­
currence in patches, locally (for rats , see 42). I am inclined therefore, 
to consider it by no means impossible that a closer examination of the 
fauna in Denmark and the neighbouring regions will reveal smaller 
local fo ci of infection. This absence of big animals might be offered 
as a possible hypothesis of explanation. 

It would then seem t o imply that in most regions of Central and 
Western Europe the wild boar would be the main supporter of the 
infection, also in carnivores, a contention which it will, for the present, 
be difficult to prove. 

It might be objected that if the above explanation of the disappearence 
of Trichinella from Denmark be true, it would be difficult to assume a 
widespread occurrence of trichinae in fur animals in Great Britain, as 
was done above on limited evidence. Here also the above-mentioned 
big animals did not occur for a very long time. 

To such an objection might be observed that one factor, present 
in Denmark, viz. the lack of trichinae in pigs, is not found in the British 
Isles. Judging by t he available evidence, a much higher prevalence in 
pigs in Great Britain is probable than has existed for many years in 
Germany, the classical country for trichinosis, it being so more on account 
of actual research than on account of a really higher frequency than in 
other European countries. 

Outbreaks may still occur in Germany, though rarely. Light in­
fections may escape the attention of the inspection offices, for which 
reason an intensification of the inspection has been recommended, based 
upon modern serological tests (376). 
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A SURVEY OF THE OCCURRENCE OF TRICHINELLA 

SPIRALIS IN AFRICA, ASIA, AUSTRALIA AND 
CENTRAL AND SOUTH AMERICA 

The Mediterranean. We will return now to the Mediterranean 
area and try to trace the further occurrence of Trichinella spiralis. 
As shown above it occurs, at any rate in man, in all countries on the 
European side of the Mediterranean. 

In man it has been found also on the African side, Algeria (52, 124, 
126, 290, see also: La Vet. Espanola Madrid 58,3, 57 - 58, 1914. (354)) , 
and also in Egypt (354, Amer. Vet. Rev. 3, 199, 1879), even if some of 
the records are of an older date. 

BRUMPT (1936, p. 1047) mentions the ichneumon (Herpestes ichneu­
mon) as a spontaneous host. If that originated from North Africa? 

In recent years trichinoscopy of hogs has been introduced in Tripolis. 
As yet no infected pigs have been found . In Morocco pigs , rats and cats 
in the abattoirs have been examined periodically, and during a three­
year period (1942- 45) no infected pigs were found in Tunis. No actual 
figures are given (247). 

On the Asiatic side, in Syria-Lebanon conditions are very interesting: 
here trichinae were found in wild boar (for the third time, the others 
being in Germany (14, 218)). Three big outbreaks from this source are 
known, two around 1880 (253, 405), one in 1883 (406). That trichinosis 
is still found in these regions appears from the fact that a great outbreak 
occurred in Lebanon in 1939- 40 (310) and again several ones in quite 
recent time (242, 352, 378). The source of infection in these cases was 
domestic pig which, both in 1940 and 1952, turned out to harbour a 
tremendous infection, thus among several thousands, 25-30 per cent, 
which, I think, beats any other record known from pigs! It will be fair 
to mention that these figures even in these regions may represent excep­
tional circumstances. In the 1939-40 outbreaks a majority of the pigs 
examined came from a piggery on the city dump area, where moreover 
there was a outflow from an abattoir (249) . It points to an old ingrained 
state of infection among pigs in these regions. 

Unfortunately nothing new has been published about the occurrence 
in wild boar. Professor AAGE JEPSEN (Royal Veterinary & Agricultural 
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College, Copenhagen) has kindly informed me that in recent years Dr. 
MACHALEI in Damascus has examined somewhat less than 100 wild 
boars, without finding trichinae. But this does not of course say any­
thing definite about the actual occurrence. 

A frequency on a low level might very well be significant in the con­
stant propagation among wild boars and an interplay with various 
carnivores must be anticipated. As mentioned above, jackals are probably 
infected in South-Eastern Europe. Jackals are widely distributed also 
in Asia Minor and the surrounding regions. And the wild boars, which 
also occur in Egypt, are found on the southern outskirts of the general 
range of distribution of the species Sus scrofa. It does not seem too far­
fetched to suppose that the population of Trichinella is a part of the 
infection associated with the species in other regions. 

Southern and Eastern Asia. Moving eastwards from the regions 
just treated, we find that trichinosis occurs in man in Mesopotamia (142), 
and in a F AO report (37) it is indicated that in Iran its presence in pigs 
is suspected, but not yet confirmed (a formula used in several cases where 
the confirmation is available in the literature). 

Evidence of the occurrence of trichinae in India is also at hand, 
though it is based upon extremely few records. During the rise of interest 
in trichinosis in the sixties of the past century a subclinical infection 
was accidentally found in an Englishman. This does not, of course, 
prove anything of its occurrence in India, but in the same paper the 
disease is said to be quite common in India (13), and a dramatic account 
is given of the excellent conditions for the spread of the disease in India. 

A genuine Indian outbreak was reported in 1907 (370). This report 
is of outstanding interest in our context, for the source of infection was 
wild boar. It appears from the paper that such outbreaks have been well 
known from olden times in the mountain regions of Northern India, 
(see also above, p. 47). One of 73 cats was found to be infected (1.37 °/0 ) , 

while 100 dogs, 100 pigs, and 100 rats upon examination proved to be 
negative (230). Random samples are periodically inspected in some abat­
toirs (247) . No figures are given. It is evident that when Trichinella 
occurs in India, there will be ideal conditions for its spreading through 
domestic pigs, dogs, wild boars (which also belong to the southern 
distribution of Sus scrofa), and all kinds of wild-living carnivores. 
It may be of significance that an infected tiger was found in the Zoo of 
Ashchabat (263). 

From regions still further to the east only scarce information is 
available. In the twenties of the last century probable outbreaks were 
reported from Burma (214). An indigenous case in a European living in 
the wilderness part of Northern Thailand has been reported (142). 
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In 1953 an outbreak occurred in Saigon, Indochina (247). This may 
be the same outbreak as is described in another paper (57). The source 
of infection was probably some kind of wild animal. The infection was 
acquired by the native soldiers during a commando raid and they 
suspected themselves a ruminant, the muntiac ( Cervulus muntjac) , to 
be the source of the infection! In the same city one trichinous pig was 
found in 1929. In the same year two out of 4952 (0.04 °/ 0) pigs in Hanoi, 
Northern Indochina, were found to be infected and as early as 1923, 
pigs were on several occasions found to be infected in these regions 
(213). According to the F AO report (37), the occurrence in Laos is 
suspected and in Vietnam the occurrence in pigs is rare, the disease is of 

• sporadic occurrence. 
A few reports are at hand from China, from regions far apart. 

Again the dominance of the "rat-theory" has tended to turn the atten­
tion from the most important animals. The first report on the occurrence 
of Trichinella in China was issued in 1881 (229): in the Fukien district 
no less than two out of 225 examined pigs were found to be infect ed 
(1.9 0/o). Probably based upon this work, one paper stated that the occur­
rence in pigs is extremely rare (138), whereas another one (170) , upon 
the same evidence, stated that trichinae are probably rather common, 
and that the absence of reports is more probably due to erroneous 
diagnoses than to the actual absence of cases. At that time no cases from 
man were known. Since then only one case seems to have come to our 
knowledge, viz . in a Chinese in Peiping (110, 111). In the Fukien region 
three of 136 Norway rats were found to be infected in one locality, 
while 114 rats in another locality did not reveal any infection (364). 
A little farther south, in Canton, 1313 pigs and 84 house and Norway rats 
were found non-infected (85, 86, 299), and in Hong Kong the incidence 
in pigs is low and the disease occurs sporadically (37). 

From more northern regions, in Manchuria around Mukden, several 
finds are on record. No less than 14 of 179 straying dogs were found to 
be infected (eight per cent) (412). This report is of special interest, 
because it would be virtually unbelievable if, as we now know the 
spreading conditions of Trichinella, other scavengers , (wildliving carni­
vores and wild boars, which here also constitute a part of the general 
distribution of Sus scrofa) were not infect ed. A cat is reported to be 
infected (87) , and the same author (88) found trichinae in 6 of 21 
dogs, in one cat and in two of 96 Norway rats. Among 99 house rats 
and 107 Mus speciosa none were found infected. The same was the case 
with 546 pigs. 

In Japan, also, trichinae have now been found, in a dog (268) , 
but no case from man is known. Trichinoscopy was introduced in Japan 
in 1953. No pigs have as yet been found to be infected (247) , a fact 
suggesting a source in wild animals. A great number of rats have been in-
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vestigated in Formosa, without trichinae being found (364). Trichinosis 
does occur in the far Eastern Siberia (181), and, as mentioned above 
(p. 46), in bears in Kamchatka. 

It is still a dogma in most text-books, etc., that Trichinella is absent 
from the Tropics (see e. g. 81). This dogma will be seen to have gradually 
become rather "riddled". Evidence has already been produced and more 
will be added. The widespread occurrence of trichinae in Indonesia has 
already been known for a considerable number of years. The first report 
appeared in 1930 (389). In Medan, in Sumatra, pigs were raised by two 
groups of the population: the Chinese, in the lowland, near the City, 
and the Bataks, on the plateau at altitudes of 1200 metres, about 70 km 
from the City. In 729 "Chinese" pigs no trichinae were found, whereas 
nine (13 °lo) of 67 "Batak" pigs were found to be infected. This might 
be an indication of some source of wildlife infection. 

A few years later (21, 239), a larger number of pigs, 4399, presumably 
from the same regions as mentioned above, were examined. Of them, 
108 (2.5 °/ 0) were found to be infected. Of 2413 dogs, 37 were positive 
(1.5 °lo), whereas no trichinae were found in 721 rats . The results of the 
examination of pigs and dogs in the Batakland district, Sumatra, up 
to 1940 are summarised (336). The consistent absence in rats is stressed, 
and that even though no outbreaks of trichinosis in man had been ob­
served, this does not preclude its existence in a subclinical form. That 
the infection is probably widespread on the islands is indicated by 
the finding of a trichinous cat in Java, (240). 

The Pacific Islands and Australia. In Hawaii (7) we have 
an especially interesting case, because the whole trichinous fauna found 
there has been introduced by man, and the experience to be gained there 
might apply to other regions, like New Zealand and Australia, where 
in respect to Trichinella even more dangerous wild animals have been 
introduced from regions in Europe where trichinae really occur in them, 
e. g. foxes in Australia and feral pigs and small carnivores in New Zealand. 

The only carnivore examined in Hawaii, the mongoose ( Mungos 
birmanicus) , proved to be heavily infected, about 10- 20 per cent, rather 
evenly distributed, 15 of 70 on the main island, 2 of 22 on the island of 
Maui. A rather high frequency was also found in feral hogs, 6 of 40 being 
infected on the main island, in which also one of 47 domestic pigs proved 
infected, while 92 domestic pigs from Maui presented no infection. 
It is stated that garbage is cooked before being fed to swine. Of a total 
of 2130 rats on the main island, 52 (2. 7°/ 0) were positive, while of 1094 
on Maui, only one harboured trichinae. Of 306 house mice none were 
found to be infected. 
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The species of rats (Rattus norvegicus, Rattus r. rattus) which are 
most closely associated with human habitations, presented a higher 
degree of infection (3-4 °lo), while the more free-living species ( Rattus 
r. alexandrinus, Rattus hawaiiensis) were found infected in less than 
one per cent. Even if the difference in incidence between wild pig and 
domestic pig might be fortuitous , the mongoose exhibits the same 
phenomenon as is found in Europe over and over again: that the wild­
living carnivores maintain among themselves an infection on a much 
higher level than is generally found among domestic pigs and among 
rats. Furthermore it is evident here also, that the rats are not able to 
maintain an infection among themselves, but are dependent upon an 
"outside" source of infection. 

From New Zealand only a single local case of trichinosis in man 
seems to have been reported (226). It was not possible to trace the origin 
of the incriminated bacon. No trichinae were found in 20,000 pigs. 
It is a pity that trichinae were not looked for in studies on the parasites 
of feral and domestic pigs in New Zealand (168). 

From Australia reports on the finding of three subclinical cases 
among 119 human autopsies are at hand (46). The three subjects were 
all foreign born. The same applies to another case described (275 ), and 
in a material of 20 human diaphragms (47) only old infection in a British 
born old lady was found. According to (46), in 1911 a number of rats 
and pigs were examined with negative result , and the Veterinary Officer 
of meat inspection in New South Wales investigated in vain a large 
number of pigs. Therefore, it was concluded that up to that time trichinae 
had not been found in indigenous cases in Australia. 

A case reported seems to have been overlooked ( 177-178), viz. 
a man who had never been outside of Australia, and who had acquired 
his infection from eating local pork sausage. Already in several of the 
early papers the occurrence in Australia is indicated (see e. g. 149). 
Considering the frequency with which trichinae, especially in former 
times occurred in pigs in Europe, and the prevalence still found in the 
U.S. A., it would seem that only a miracle would have been able to 
prevent Trichinella from being carried to Australia on several occasions 
and from establishing itself there. 

It should be remembered, as pointed out above, that England , 
a main supplier of animals to be imported for breeding purposes, probably 
still has one of the highest frequencies of trichinae in swine in Europe. 
One question remains to be solved, viz. to what extent conditions might 
be present which would allow carnivores to maintain trichinelliasis 
among them. 
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Africa . Precisely the same observations apply to South Africa as also 
pointed out in an article in the German periodical "Die Fleischwirt­
schaft" (36). In former years pigs and rats have been examined on a small 
scale with a negative result, and it was assumed therefore, that the 
infection did not occur (251). These few examinations, using the digestion 
technique, were made on samples from 1,352 pigs from the abattoirs 
in Johannesburg. The pigs were drawn from a large area, and all proved 
to be negative. It is obvious that in such a comparatively small material 
infections of as low frequencies as are found in several countries in Europe 
may easily be missed. It is stressed that raw pork offal is very rarely 
fed to pigs in the Union. 

Regarding other parts of Africa south of Sahara, I have been unable 
to find original reports on the occurrence of trichinae, but text-books 
indicate their existence in Kenya, Uganda, Tanganyika, and Nigeria 
(see e. g. 95) . It is also stated (129) that they have not yet been found in 
Kenya, but recommended that they should be looked for because of 
the increasing importation of hogs for breeding purposes. Trichinae 
seem to have been considered elsewhere in Southwest Africa. Only a 
few pigs have been examined, without revealing any infection (298). 
The occurrence in the Federation of Nigeria and the Nyasaland Pro­
tectorate is suspected (37). It may be mentioned here that the number 
of human cases in Africa was estimated to be about 200,000 (355). 

Speaking of Africa, it might be appropriate to mention the hippopo­
tamus which stanchly appears in the host lists of Trichinella spiralis. 
The reference goes back to 1879, (147) when the occurrence was reported 
in an animal about two years old, which died only four months after 
its arrival to the zoo in Marseille, France. It was a gift from the khedive 
of Egypt and supposedly it originated from Sudan. It had only fed on 
milk and vegetables during its stay in the garden. The trichinae were 
found accidentally in histological preparations of one of the abscesses 
which caused the death of the animal. I consider it pertinent to mention 
this curious case here, since it might be an infection acquired in the open. 
The hippopotamus is, after all, a relative of the pig. 

Southern North America. That hot climates constitute no 
barriers to trichina infections is seen already in the Southern United 
States, where it is of the same extent and charachter as in other parts 
of the U. S.A. (136, 187). 

The only place to which the contention of the absence in the Tropics 
would seem to apply is Brasil (241). In the years 1924- 28 about 30,000 
pigs in Sao Paulo were examined, and 1922- 32, 8,000 in Rio de Janeiro. 
In the same period 1600 were examined in Rio Grande de Sul. In human 
beings 400 intradermal tests were all negative. On the other hand, a 
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textbook (95) states, without reference, that cases have been reported 
from Brasil, but trichinae do occur in other parts of the American 
Tropics. Based upon investigations in Puerto Rico, (278) it is concluded 
that the rarity of trichinosis in the Tropics might be more apparent 
than real, and may mainly depend upon lack of investigation. They 
report the first 8 cases known from Puerto Rico, which find suggests 
a widespread occurrence at any rate in pigs. In Cuba the frequency in 
pigs is low and sporadic cases of the disease occurs (37). A great outbreak 
occurred in 1827 in St. Thomas, the West Indies (130). 

In Mexico trichinosis has been known for a long time (38, 221, 414). 
A recent investigation suggests a level of infection in human beings of 
the same order of magnitude as in the United States. In 200 necropsies 
no less than 25 (12 °lo) cases were found. None of the subjects had any 
history of trichinosis. A similar percentage, 14.4 (18 of 125 examined), 
was found serologically. Although the food is generally well cooked in 
Mexico, raw pork is an ingredient in a certain kind of sausage. Two 
samples from various localities of 211 of these sausages turned out to 
be positive when fed to experimental rats. The general infection percen­
tage in pigs in Mexico City is 0,03, but no less than 30 per cent of cats 
are infected (236). Two per cent of 900 rats were also positive (237). 

In Honduras, among 500 not selected hospitalised persons 7,4 per 
cent reacted positively on intradermal tests (314). That in Costa Rica 
(390) and in Panama (80) none of 103 and 351 rats, respectively, were in­
fected, does not tell too much about the Trichinella situation there. 
An examination of dogs and cats, to say nothing of wild carmvores, 
would seem a more promising approach. 

South America. Trichinae have been found in most countries 
of South America. (Regarding Brazil , see above). According to (354), 
trichinosis has been found in British Guiana (97). I could not verify this 
statement, even on seeing the pages of Daniels's book to which is referred. 
Trichinosis was reported in Venezuela (391 ). No trichinae were found in 
360 rats. Unfortunately no carnivores were examined (70). The disease 
is no longer found in Colombia (247). Trichinoscopy is practised on the 
abattoirs in Bogota. No figures are given. 

In Uruguay trichinae appear to have been found several years ago 
(12). Of 100 human diaphragms, three were found to be infected, and 
several clinical cases were observed (361-362) . The infection in pigs 
must be assumed to be widespread, since it is asserted that pig-raising 
without a certain level of trichina-infection is impossible. Outbreaks 
have also been reported (286). In recent years some thousand samples 
from pigs have been examined without positive results. The sampling 
is being continued (37). 
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Also in the Argentine have trichinae been known for several years 
(402). During the years 1898- 1933 the level of infection in pigs in 
Buenos Aires has been around 3 per mille, with a tendency to decline 
in later years (296). Trichinae were also found in pork products there 
(344). In recent years the incidence in pigs has remained low, and only 
sporadic cases of the disease occur (37). 

By some curious incident we have early knowledge of the occurrence 
of Trichinella in Chile. A fatal case on board a ship in Hamburg (Ger­
many) was reported in 1863 (377). The infection originated from a pig 
which had been purchased alive in Valparaiso and was butchered 
during the travel from South America. A quite similar case was reported 
from a ship in Bremen (Germany) (394). The pig had been brought from 
Iquique. 

Several outbreaks, also with fatalities, were reported from various 
localities in Chile (403), and the frequency of subclinical infection in 
man is indicated to be almost on the level of that in the U.S. A., viz. a 
little above 10 per cent (264) . Surveys were taken of the results of the 
trichina inspection of pigs in Santiago, from the years 1936-1957 
( 114, 265 ). There appears to be a decline in the level of infection through 
the years with a rather sudden drop around 1943. During the last ten 
years the incidence of infection was generally below three per mille, 
with no noticeable decline. It is pointed out by the last-mentioned author 
that feeding with uncooked garbage is now prohibited. 
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CONS IDERATIONS ON THE OCCURRENCE OF 

TRICHINELLA SPIRALIS IN FARM FUR-BEARERS 

In 1933, an author in Germany cautioned against eating flesh of 
silver foxes and minks (267). They might, he stated, contain trichinae, 
because rats are abundant in many fur-bearing animal ranges. The first 
actual find in farm fur-b earers seems to have been reported from Ger­
many (258). The same year the occurrence in the coypu ( Myocastor 
coypus) was reported from Switzerland (306), and even an outbreak 
among human beings after the consumption of coypu meat. On the basis 
of this case, there was again a warming against meat of fur animals in 
Germany (324). How ingrained the "rat theory" was, appears from the 
fact that the author tries to explain the infection of the coypus as due 
to contamination of their food with rat feces ( !) in spite of the fact that 
R UBLI himself gives the correct explanation: that they acquired their 
infection from meat scrap picked up under the cages of minks (likewise 
infected) kept on the same farm. 

Further reports on farm fur animals were given (326-327, 329, 
332). A total of 41 ,522 farm foxes have been examined in Germany. 
Forty of these foxes were infected, that is, less than 1 per mille. Of 
11,908 coypus none was found positive. Another survey, also in Ger­
many (30), in a single farm found only one infected among 6,000 blue 
foxes and silverfoxes. Also in other investigations only few silverfoxes 
were found to be infected (340, 400). In Switzerland the infection appears 
to be much more frequent (9, 10, 172). Among 164 silverfoxes 21 (13 °/ 0 ) 

were found infected, and among 50 minks 20 (42 0/o) . 
In Sweden the frequency seems to be somewhat higher than in 

Germany (but lower than in Switzerland and Norway) since 277 of 
7,025 farm foxes examined were found to be infected (40/o) (153, 165). 
Just before the war, intestinal trichinae were found in some range foxes 
in Norway (373). This turned the attention to the question, and during 
the war trichinae were found to occur with a tremendous frequency. 
During the years 2,853 foxes of 45,967 (6 °lo) and 252 of 2,255 minks 
(11 °lo) have been found to be infected. Fourteen per cent of the farms 
harboured trichinous animals (1, 145, 300, 374). The infection has not 
yet been eradicated (3). The high level of infection in Norwegian fur 
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ranches was built up through the habit of feeding up the carcasses of 
the pelted animals. The freedom from trichinae in farm fur animals in 
Denmark has been dealt with above (p. 60). 

In Poland one out of 335 farm foxes (199), on three farms 0.9 °lo 
and 4.2 °lo of 252 foxes (141), were found to be infected. In Russia none 
of 350 European minks were found to be infected (246). 

In many meat samples from fur farm animals in Canada no trichinae 
were found (188). Their diet had exclusively been beef, horsemeat and 
fish. This is the only report I have come across regarding trichinae in 
farm furbearers in other regions than those treated above. 

Although the possible origin of the infection in farm fur animals 
from wild foxes ( carcass-feeding) has been considered in Scandinavia, 
it is generally regarded here as most probable that the infection was 
originally introduced from America with the original breeding stocks 
(See e. g.146). It appears funny, therefore, that an American (84) cautions 
against Trichinella: "It is well to be aware of this condition in instances 
of future import of fur animals from Scandinavia". He also states that 
"as far as is known, this parasite is not at present of importance in 
ranch-raised fur animals of the U.S. and Canada", without, however, 
indicating his basis for this statement. 

The problem of trichinae in farm furbearers can, of course, be 
comparatively easily solved in principle, as is the case with trichinae in 
pigs, through regulations (legislation) as to the treatment of the food­
stuffs before feeding. It is even easier in the case of furbearers than in 
the case of pigs because of the modern technique of raising, when the 
animals have no access to the ground. An infection in fur animals will 
only in rare cases represent a direct hazard to man, but an eradication 
of the infection will be of significance to the public health by stopping 
the accidental spread to other animals, especially to the wild scavenger 
fauna. It should be pointed out also that rodent furbearers are liable to 
be infected, but only if they have access to infected meat off all (185, 186). 
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CONSIDERATIONS ON THE OCCURRENCE OF 

TRICHINELLA SPIRALIS IN ZOO ANIMALS 

As already touched upon above, many cases of trichina infections 
in polar bears have been reported , the first being from 1910 (62) (see 
further p. 23 ff). Many could be proven to have acquired their infection 
before confinement, and no doubt many others actually did the same. 
Also many infections in brown bears are on record , even still earlier, 
the first from 1881 (392). Further reports are given, all from German 
Zoo's (4, 154, 175- 176, 180, 182 (grizly bear); also in a zoo in Salzburg 
(Austria) (398)). Brown bears were also found to be infected in Russian 
zoo's (140, 263). Furthermore, the wild boar has been found infected in 
German zoo's (174, 206) . 

Of other species mention may be made of the badger in Hungary 
(197), the American badger (353, zoo in Philadelphia), the arctic fox 
(140, 263), and the lynx in Russia (263), furthermore the raccoon in 
Germany (Dresden) (212). Also exotic species are on record: the palm 
civet (Paradox urus sp.) (353), a mongoose ( Mungos paludinosus) (330), 
jaguar ( Felis onca) and tiger (246, 263). From the zoo of Basel (Switzer­
land) infected tigers were reported (207). 

There are several observations of infections in brown bear and polar 
bear, which must have been acquired during confinement (107 , 115, 
155, 176, 180, 398). 

Most often rats are taken to be the source of infection. A story 
is told (180) about bears which, being on travel from one show to another, 
were placed in a cellar, in which they (supposedly!) caught infected rats, 
and a report of another case in which about one month after a rat cam­
paign in a circus, some polar bears died , and on autopsy were found to 
contain numerous freshly capsulated trichinae. However, no intestinal 
trichinae were found. 

Another story goes that brown bears, found to be trichinous had 
been seen to kill some rats (154). The bears were slaughtered because 
of scarcity of food. At the same time the author describes in detail how 
these very bears, with fresh infections for which he supposes the rats 
to be the source, a few months previously had fed upon meat of their 
parents and of a polar bear. Shortly afterwards feeding with this meat 
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was abandoned because several other animals in the zoo were said to get 
ill from it. The trichinous young bears had shown no symptoms. The 
rat-theory is still maintained in a recent paper (287): calcified capsules 
were found in a polar bear which had been two years in the zoo of Warsaw. 
The author points out as alternatives the acquisition of the infection 
before confinement or in confinement, the bear having eaten rats. 

In a number of cases infected meat fed to animals has been recognised 
as the probable source of infection, either the flesh of fox and badger 
(330) or of dog ( 155, 207). 

A curious incidence in Denmark. In this connection I should like 
to describe, with the kind permission of Veterinrerdirektoratet (State 
Veterinary Service), a case which happened in Denmark a few years ago. 

In the city of Arhus the meat inspection ordinance forbids the sale 
of meat of wild boar, bears, and fur animals without previous trichina 
inspection. On this basis, on Nov. 11, 1955, two-thirds of a brown bear 
and about half of a wild boar were confiscated in the shop of a fish- and 
game dealer (see 35 ). He was later prosecuted and fined. On inspection, 
both of the animals turned out to be trichinous, the bear to a high extent. 
"The finding of the trichinae was immediately reported to the Veterinary 
Service (Veterinrerdirektoratet) and the chief of police and since the 
dealer was not able to state the names of the customers who had bought 
the trichinous meat, a warning was broadcasted against eating the meat 
and an order was given to deliver possible remnants to the sanitary 
police. During the following days so much of the infected meat was sent 
in that only small quantities of the bear meat could possibly have been 
eaten, while, on an estimate, some few kilograms of the wild boar was 
missing. Probably only 3-4 families had eaten of the trichinous flesh. 
Of these, one family (two adults, and two children) were hospitalised 
for observations. The mistress of the house, who stated she had tasted 
the raw ground meat, fell seriously ill with typical symptoms of trichi­
nosis. In addition, information was received of another person who had 
fallen ill with the same symptoms" (translated from the Danish). 

Every effort was thus made to destroy all remnants of the animals, 
even the skin of the bear. The animals could be traced back to a small 
nearby zoo which was in the process of liquidation. "The present lease­
holder gave the information that when he took over the garden in 1952, 
it contained among other animals a polar bear, imported from Germany. 
This bear was ill with paralysis of the hindparts. It was shot, and the 
meat fed raw to the other carnivores of the zoo. Among these animals 
were the above-mentioned ones". 

A number of other animals had been sold to known persons, and 
those left in Denmark must not be resold without the permission of the 
police , and must not be killed or buried without trichina inspection. 
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A number of the animals still left in the garden were killed and inspected. 
Two wild boars, which had come to the zoo after the feeding with polar 
bear meat took place, were found free of trichinae, and given free after 
being kept at - 15° C for 60 days. One brown bear, two silverfoxes, 
and one blue fox, which all had participated in the polar bear feast, were 
found positive. The meat was destroyed, and the skins put into cold 
storage. One coypu did not reveal any infection. Rats from the zoo , 
a nearby dump, and the city dumps of Arhus were not found infected. 
The same was the case with all the pigs from the neighbouring farms, 
and from piggeries using garbage from the city of Arhus. 

I have reported this incident in detail because it seems to me to 
show how easily infections in Zoos can be spread, if nobody is aware 
of the danger involved. As is the case in fur animal ranges, there will 
be an imminent danger of secondary infections, partly of man (if no 
trichina inspection is performed, or if regulations are violated), partly 
of domesticated and wild-living scavengers. 

In regard to parasites as such, I have pointed out on another occasion 
(HoLGER MADSEN, 1952) that much information as regards distribution 
and host specificity might with advantage be gained in zoological gardens. 
Also in the case of Trichinella spiralis much interesting information 
regarding the occurrence in wild animals from many regions of the world 
could be acquired, if all potential hosts were investigated and infections 
arising were traced as far as possible to their origin. 

Very little is known of spontaneous ( clinical) trichinosis in animals. 
Some of our knowledge is available precisely from zoo animals. What 
is otherwise known is summarised in a paper from 1942 (193). A skin 
affection in a polar bear (62) was found as a symptom of trichinosis. 
the same disease was observed in two polar bears in the Basel Zoo , 
and considered to be of an allergical nature (207). The same author also 
found, connected with the trichinosis, a case of self mutilation (which 
may be of a nervous nature, too) in a tiger. In agreement with this 
is an observation (63) of a polar bear which refused to go into the water, 
evidently because the change of temperature caused pain. What appears 
to be an early stage of trichinosis was described in a brown bear, with 
loss of appetite, diarrhoea and a growing stiffness of the limbs (398). 
It was emphasised that feeding with infective material can be excluded, 
because the other bears, getting the same food did not get ill and again, 
another bear from the same animal-show was not infected. Therefore, 
rats are incriminated, without however any having been examined. 
Nevertheless, the author might for once be right. 
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SOME GENERAL REMARKS AND CONCLUSIONS 

It can now be regarded as established beyond any doubt that 
Trichinella spiralis has a tremendous distribution among domesticated 
and wild carnivores in all arctic regions. This fact involves interesting 
aspects because we are here confronted with a situation which clearly 
demonstrates that trichinae are able to establish themselves in various 
populations of animals without the interaction of the domestic pig and 
of rats, which besides man, have for about a century been. considered 
to be the main hosts of the parasite. Especially significant evidence 
of the perplexing ability of this parasite to establish itself in unexpected 
habitats is the demonstration of its occurrence in marine mammals. 
The consequences of all these facts have not yet been fully acknowledged. 

In the preceding sections it has been demonstrated that this, for 
the Arctic indubitable, situation holds good for many other regions 
also. Plenty of evidence has been accumulated, especially from research 
in some parts of Scandinavia, Russia, Poland, Germany and a number 
of surrounding countries. From this evidence it was concluded that 
there can hardly be any doubt that the situation is the same all over 
the vast wilderness regions of Siberia, even though direct evidence 
does not seem to be at hand, except from the arctic and southern parts 
of the regions. 

It might be objected that we do not know to what extent an infection 
from pig may play a role in the above-mentioned regions of Europe. 
It may even be added that there is no reason to doubt that some transfer 
of trichinae from pig offal to wild animals does actually occur in places . 
But the high incidence in wildlife in many regions with a low, or even 
an extremely low, incidence in hogs makes it clear that the infection 
in the wild-living carnivores is maintained chiefly among themselves. 
The intricate interplay is also emphasised by the fact that hogs rather 
commonly acquire infections from wild-living carnivores. 

This very fact may explain, at any rate to some extent, why in 
several regions it has not yet been possible to reduce the incidence in . 
hogs below a certain low level in spite of control measures (especially 
trichina inspection) which already towards the end of the last century 
produced a rapid decline in incidence, e. g. in Germany. 
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Rodents, to say nothing of insectivores , do not, evidently, play 
any role in the above treated interaction, except under special circum­
stances and in certain regions (see above, p. 53) . It was demonstrated, 
in contradiction to some recent papers, that as yet there is no evidence 
of the occurrence of trichinae in insectivores. 

It was emphasised above that the presence of Trichinella in wild 
animals must be considered to be continous from Russia into the Scan­
dinavian Peninsula, and through Eastern Europe to Germany, Holland, 
Belgium, Luxemburg, Czechoslovakia, Austria, and Switzerland, to the 
very borders of France, Italy, and the Balkan Peninsula. Hence it 
seems justifiable to assume that if somebody would look out for trichinae, 
he would find them in all these countries, at least in the fox, the badger, 
and the wild boar, and even more probably in wolves and bears in moun­
tain regions where these animals still occur. Actually a fox was recently 
found infected in England, which country has sometimes been considered 
to be free of trichinae. 

Now and then in contradiction to official statistics, it has been 
shown that evidence has been aYailable showing its occurrence in pig 
and man, and also often in domestic carnivores in all the above-mentioned 
countries. On the Iberian Peninsula trichinae likewise occur in these 
hosts, on which account it might seem reasonable to assume their presence 
in wildlife there also. Thus it might appear, in contrast to the views 
held at present, that broadly speaking an infection in wildliving carni­
vores and in wild boar occurs all over Europe . There is some reason to 
assume that moving eastwards to the Russian and Siberian wilderness 
regions, the situation will be aggravated in the form of higher and higher 
incidence. 

An exception from this general statement app8ars to be formed 
by Denmark, where it has not been possible, in spite of fairly intensive 
studies, to find trichinae in foxes and badgers. Trichinae have been absent 
in man and pig for 30 years, presumably partly as a result of the trichina 
inspection. That little which is known about Southern Sweden, the Ger­
man coast along the North Sea, and, possibly, of Holland , points to the 
possibility that a similar situation prevails there. 

As stated above, it may be reasonable to consider the trichinae 
in wild boars in Syria, southern Siberia and Northern India as possible 
ofTshoots of the general distribution in wild boar in more northern 
regions. Evidence is also presented showing that trichinae are more 
widespread in Southern and Eastern Asia than generally assumed, for 
cases in man and (or) pig, and sometimes also in rats and domestic 
carnivores are known from Syria, Iraq, the Indian and lndo-chinese 
peninsulas, Indonesia, China, Ja pan, and the far eastern U.S. S. R. , 
whence, furthermore , a case in bear is known. 
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From the evidence presented above from regions in which the pro­
blems has altogether been investigated, it might seem reasonable to 
assume that it must be considered a kind of miracle if trichinae should 
not occur also in wild animals in these regions. 

It is most often stated, sometimes in contrast to published evidence, 
and sometimes on the basis of scanty research, that trichinae do not 
occur in man and pig in New Zealand, Australia, and South Africa. 
But, considering the extent to which pigs have been introduced into 
these regions from various parts of Europe where trichinelliasis is endemic 
in hogs (and were even more so in former times), there can be no doubt 
that trichinae have repeatedly been introduced into these countries, 
and more extensive investigations would without much doubt reveal 
their presence, as has been the case in all instances where such investi­
gations have been performed. 

Furthermore, the situation in Hawaii raises problems which apply 
to the regions mentioned, and which have not yet been taken into 
consideration in that connection. In Hawaii the infection was undoubtedly 
introduced by man, probably with the pig. It has established itself in feral 
pigs and in the mongoose. Since various kinds of wild carnivores of 
European origin have been introduced into the above-mentioned coun­
tries, there might be every reason to find out whether trichinae have 
not been introduced or established in these hosts. It would seem obvious 
that there is a definite possibility for such a situation. 

To sum up , it may be stated that it is decidedly possible , and even 
probable, that wild carnivores and boars all over Asia and the islands 
in the Indian and Pacific oceans and in South Africa will turn out to 
harbour infections of Trichinella. 

Regarding Africa, information is extremely scanty, and it does 
not seem possible to find out with certainty whether the parasite has 
been found south of Sahara, even if such an occurrence is probable, 
when altogether positive statements are given. It might seem to be of 
some importance to public health to find out how the situation actually 
is. There does not seem to be any evidence suggesting that Africa should 
form an exception in regard to Trichinella. 

Turning now to America, we shall find, as already stated, that in 
arctic regions we are confronted by a perpetuation of the infection 
within the various populations of wild animals without the interaction 
of pigs. In Alaska the situation is unique since trichinae are prevalent 
in rodents. (No evidence of such an occurrence is at hand from Arctic 
Canada and Greenland. In the latter region we have evidence of another 
situation, viz. that the infection, if at all present, is extremely sparse, 
while from Canada too little is known). This situation is probaly related 
to the wellknown fact that in arctic-subarctic regions these animals 
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are more liable to devour flesh than in temperate regions. Here the rats 
must be excepted, which are of only sparse occurrence in arctic-subarctic 
regions. Their infection evidently depends almost entirely upon in­
fections in pigs. There seems to be reason to take into consideration a 
possible occurrence in rodents in subarctic regions in Canada and in 
Eurasia. 

The existence of trichina infections in bears also in other wilderness 
areas in the United States than Alaska points to the possibility that we 
are here confronted by the same situation as in wilderness areas in Europe , 
but the available evidence does not permit us to decide with certainly 
what role hogs play in this connection. This applies also to the scanty 
information as yet available from other regions of the U.S. A. regarding 
wildlife (for particulars, see p. 45 above). 

As long as trichinae have the present high incidence in pigs there, 
a continuous transmission from this source to wild-life will no doubt 
occur, but judging by experience from Europe , a progagation within the 
populations of carnivores must likewise be taken into consideration as a 
probability. These considerations apply also to the temperate Canada. 

It might be regarded as significant that whenever an investigation 
of wild carnivores has been carried out in countries where trichinae are 
found in man and hog, their presence has been confirmed. Trichinae are 
widespread in Mexico and the West Indian Islands, and have been found 
in practically all countries in South America, partly already a century 
ago and ever since. Therefore it seems necessary to point out the pro­
bability that in many places, if not everywhere, trichinae may also 
occur in wild animals, and that such an occurrence explains why the 
decline in incidence among pigs slows down more and more, in regions 
where an inspection is performed, and the development can, therefore, 
be followed. 

One of the reasons why it was so long before the imminent danger 
to the public health presented by infections transferred from wild carni­
vores was generally acknowledged (in spite of a century-old knowledge 
of the existence of such infections) seems to be the fact that the rat 
theory, put forward by LEUCKART, became victorious over the correct 
notion advanced by ZENKER, viz. that the Trichinella infection is trans­
ferred through carcasses or carrion (for details, see above p. 54 ff.). The 
psychological fact that, historically, the existence of intermediate hosts 
was quite new knowledge is probably in the main responsible for the 
victory of the rat theory. So many cases of living intermediate hosts 
were discovered that it was not sufficiently noticed that in the case 
of Trichinella spiralis the point is that the intermediate host is normally 
dead , even though the remarkable power of resistance of the larvae to 
putrefaction has been known for many years. 
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One feature might be overlooked when judging percentages of 
occurrence of trichina larvae. There is here the peculiar fact in para­
sitologythat, once an infection has become established, it can be diagnosed 
for the whole remaining lifetime of the host. Consequently, it is a general 
point of observation that the rate of occurrence rises with the age. 
Therefore, in nature, (in contradistinction to the immediate surroundings 
of man, where the contamination may be heavy), the highest frequency 
of infection is found in longlived animals. 

The objection might be raised against the assumption that carni­
vores acquire their infection from carrion of carnivores, that they gene­
rally do not touch meat of their specific fellows. But it is generally 
known that this does not apply in times of want. Furthermore, in most 
places, carrion of several species of carnivores will be available, and when 
putrefying, the meat must be expected to loose to some extent its specific 
scent. The conditions of want will prevail precisely in arctic-subarctic 
regions and during severe winters in the interior of the continents. 
Therefore , high incidences are found under such circumstances. 

During the second half of the last century there was much discussion, 
and several more or less well founded hypotheses, of the history of 
origin of the infection in man. There was a tendency to consider the 
presence of the larvae in the muscles as a new phenomenon in Europe. 
It is, indeed, often almost inconceivable that a phenomenon, when 
once discovered, has so long been overlooked. Therefore, some people 
supposed the trichinae to have been introduced with the supposed in­
vasion of Europe by the Norway rat, whereas others held that they 
had been introduced with Chinese or Indian pigs, which had recently 
been introduced into Europe for breeding purposes. 

At the same time, the opinion was put forward that the infection 
was of old standing. Attention was called to a case history reported 
already in 1675 (112), from the vicinity of Wurttemberg, Germany. 
A peasant family had eaten the salted and smoked meat of a pig. After 
about a week the people fell ill with headache, nausea, and a swollen 
face (intumescit facies). The man and the twelve-year-old son had several 
fits of unconsciousness and soon died, whereas the wife survived. The 
complete case history is cited in the original wording in a paper from 
1864 (166). It has been much discussed, but it seems probable that it 
was actually trichinosis. The histories of several outbreaks in Germany 
(274) and France (58, 214) from the early years of the 19th century, 
could in retrospect be demonstrated to be trichinosis. The same was 
the case with a large outbreak in St. Thomas, the West Indies, in 1827 
(130) and in Burma about the same time (214). According to the symp­
toms it was most probably trichinosis. The former author is even of the 
opinion that trichinosis existed among the Carthagenians in 427 B. C. 
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I have not seen his evidence for this contention, the paper has not been 
available to me in full. 

About the middle of the last century the afterwards much discussed 
contention was started (385) (the matter was dealt with at length in 
a fairly recent paper (71)) that the Mosaic proscription of eating the flesh 
of the swine was based upon the observation that human illness sometimes 
followed the eating of such flesh and a confirmation of this was seen 
when in the eighties of the last century outbreaks were observed in 
Syria .. However, the significance of the Mosaic law in this respect must 
probably remain a conjecture. It is a matter of course that when such 
proscriptions are followed , no trichinosis in man will ensue. 

Quite apart from this more or less certain evidence, the high age 
of the infection, also in Europe, might be concluded with reasonable 
certainty on the following grounds: 1) High incidences of the trichinae 
in both man and pig were found all over Europe and in the U.S. A 
within 25-30 years of the discovery, and the occurrence in South 
America was recognised too. Even on the assumption that trichinae 
were carried to America by the Europeans, it must be an early occurrence. 
2) Already in the sixties trichinae were found in wildliving carnivores, 
in which they have a tremendous distribution. This is evidently an ecolo­
gical interplay which has established itself centuries, if not millenia, ago. 

It appears that the occurrence of trichinae in a country was felt 
like something of a disgrace. "For many years countries accused one 
another of exporting infected pork" (291 ), a tendency which is alive 
even at the present day, and reflects itself in several official statistics. 
Many strong arguments and reports of diplomatic quarrels can be found 
in the literature. Many cases of consternation among health officers 
are reported when, upon actual investigation, trichinae were found in 
countries and regions where they had previously been surmised to be 
non-existent. 

The existence of trichinae in arctic regions has likewise been re­
garded as a phenomenon of recent date. ROTH (1950) , however, demon­
strated undoubted occurrences in polar bear in the late nineties, and con­
sidered the arctic infection to be at least several centuries old . According 
to our present knowledge of the distribution, as outlined in the present 
paper, and as suggested in other recent literature, it seems likely that 
trichinae have occurred there for millenia. 

Interesting light might be thrown upon the problem if Egyptian 
and American mummies of both man and animals were examined 
( compare also 285 ). The question whether trichinae were carried to the 
non-arctic Americas by the Europeans, might also be clarified by such 
investigations, and by a comprehensive survey of carnivores in the 
transitional zone between arctic-subarctic and temperate reg10ns. At 
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the outset I would consider it probable that trichinae were present in 
wild animals in North America, at any rate, before the arrival of the 
Europeans. 

It would be extremely interesting to investigate wild animals in 
regions with a pure Moslem populations, if such areas can be found . 
This might give further clues to an elucidation of the interdependence 
of pigs and carnivores in regard to Trichinella. 

Because of the many problems which still remain to be solved, 
I can fully agree with the following statement found in "Recommen­
dations adopted by the 1954 National Conference on Trichinosis" (34): 
" Inasmuch as t he sylvatic occurrence of Trichinella spiralis probably 
plays an important role in the life history of this parasite, it is highly 
desirable to obtain information concerning instances of trichinosis in wild 
animals. It is recommended that an appeal be made to organizations and 
groups of workers who are accustomed to examine wild animals, including 
the U.S. Fish and Wildlife Service, various biologic survey groups, 
the American Society of Parasitologists and the American Society of 
Mammalogists, and through these agencies to their members, to examine, 
whereever possible, any wild animals". 

It would only be useful if this kind of work were not confined to 
the United States, but were extended to all countries, for instance in 
connection with the studies on rabies performed in many regions. Such 
an arrangement would primarily be a matter of organization, since 
facilities for such investigations would be present in a great many veteri­
nary and medical institutes, and often in abattoirs. Serological methods 
might often be useful. 

It is evident that the incidence of Trichinella in man is not merely 
a reflection of the incidence in pigs and other infected food animals. 
The eating habits play a decisive role too. This is very clear if we compare 
e. g. the conditions in Canada and the United States. The incidence in 
man in Canada is apparently much lower than in the U.S. A. ( ea. 3 °lo, 
as against ea. 15°1o in the U.S.A.), though probably not as much lower 
as previously supposed (288). Also cases of trichinosis probably occur 
more frequently than generally assumed (347) . 

The incidence in pigs is, however, approximately on the same 
high level ( about 4 °lo) in both countries (255, 256). Greater regional 
differences might be expected in Canada than in the U.S.A. , because 
of the less uniform civilisational conditions in the former country. The 
decisive difference in eating habits responsible for the difference in 
incidence in man has not, to my knowledge, been established. 

That trichinosis does not reach a more catastrophic extent in the 
Arctic (where the habit of eating raw or, because of fuel shortage, in­
sufficiently cooked meat is widespread) than is actually the case, must 
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probably in the first place be ascribed to the relative sensibility of trichina 
larvae to low temperatures of frost , secondly to a resistance (immunity) 
acquired from repeated weak exposures, a factor which may play a 
role wherever high incidences of infection are found. Differences in 
the individual resistance should not be overlooked in this connection. 
They may account for many cases of puzzling differences in incidence 
during outbreaks, which cannot easily be explained by differences in expo­
sure. The influence of low temperatures on the larvae has been treated 
in a number of recent papers ( 118, 137, 292, 339, 356, 407-408). 

In times of peace the widespread occurrence of trichinae in wildlife 
is, in respect to the public health, a menace which hampers the control 
in pigs, and in times of disaster may mean a catastrophe. The role played 
by trichinosis during wars, especially in former centuries , has probably 
not been realised (71,214). The impact on the troops of typhoidlike di­
seases is well known. It has been stressed (234) that during the First 
World War "typhus" was a common erroneous diagnosis for trichinosis. 

The intrinsic infections in wild animal populations cannot be in­
fluenced directly, but public health measures on a broad scale, intending 
to stop any unnecessary conveyance of infective material to wildlife 
might be indicated. As in all aspects of the trichina problem it is a 
question of safe disposal of infected carrion, and the protection for the 
individual person must consist in subjecting the meat for a sufficient 
long time to either high or very low temperatures. The recent suggestion 
(208) of treating pigs with cadmium oxide to prevent infection, seems to 
me to be a downright perversion. Nowadays human food is already 
being poisoned in the most ingenious ways by many other chemicals. 

STOLL (1947) in his famous and brilliant paper "This Wormy 
World" calculated the probable number of human infestations to be 
nearly 30 millions. Even if we disregard the increase of the world 's 
population which has taken place since his paper was published, it would 
appear from the evidence put forward in the present paper that this 
estimate was in all probability much too low. If one would try to estimate 
the number of animal infections, one would arrive at quite astronomic 
figures. 
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SUMMARY 

1. A material of more than 10,200 samples of meat from 25 species 
of mammals in Greenland examined for the presence of Trichinella 
spiralis is presented in full details here. It was examined by the 
late Dr. HANS RoTH and his late widow, Mrs. URSULA ROTH. 
A survey of the material is presented in table 1, p. 13, and table 2, 
p. 14 and the maps, figs. 1-7. 

2. The animals found infected were: sledge dog, wolf, polar bear, 
arctic fox, walrus, bearded seal, and ringed seal. 

3. No evidence was found showing that the free-living rodents in 
Greenland, the arctic hare and collared lemming, are infected. 

4. The dogs presented the highest frequency of infection, averageing 
about 70 °/ 0 • The origin of their infection is in all probability dog 
carrion. 

5. The polar bears were found infected in about 250/o of the animals 
examined. As compared with other materials published, this rather 
low frequency is probably due to the presence of many young animals 
in the Greenland collection. The source of the infection is probably 
polar bear and seal (particularly walrus) carrion. 

6. The arctic foxes were astonishingly rarely infected, in about one 
per cent of the cases examined. Definite differences according to 
races and regions were found: The infection was mainly demonstrated 
in regions where lemming foxes prevail, viz. in North-West, East, and 
South-West Greenland. The rather copious material of coastal foxes 
from the western mainland south of the N ugssuaq Peninsula showed 
no infection. The lack of infection in the coastal foxes is probably 
associated with the very specialised feeding habits of this race. The 
source of the infection is probably in the main carrion of polar 
bears and their meals. The low percentage probably reflects the 
short life of the foxes. In higharctic regions where the infection 
percentage attains its highest level, the foxes generally reach a 
greater age than in more subarctic regions. 

7. The first actual demonstration of trichinae in marine mammals 
was based upon part of the material presented here (301-303). 
In walrus and bearded seal, both bottom animal feeders, an infection 
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percentage of about one was found. The infection in ringed seal 
was considerably more infrequent. In all of them the source of 
infection is most probably carrion, especially of dogs, in the two 
last-mentioned species perhaps with the interaction of gammarids 
and other crustaceans, which tear to pieces carrion in the sea (383). 

8. The circumpolarity of the trichina infection in polar bears was 
already established by RoTH (1950). On the basis of our present 
knowledge it is demonstrated that the same must he considered 
to he the case with the other above-mentioned known infected 
animals, including the white whale, which was found infected in 
Alaska and caused an outbreak among human beings in Greenland. 

9. Especially based upon investigations from Alaska (293-295 ), and 
on considerations regarding the distribution of the animals found in­
fected there, and t heir opportunities of contact with the arctic 
trichina infections supplied with isolated finds in the Scandinavian 
and Siberian Subarctic, it is concluded that in all probability espe­
cially the carnivores in the continental subarctic regions will exhibit 
an all over infection. 

Since many rodents in the subarctic Alaska proved to he in­
fe cted, the possibility must be taken into account that the same 
will he the case in other subarctic wilderness regions. That this 
was not the case in the subarctic Greenland, may he due to Green­
land's unique position in a zoogeographical respect. 

10. A meticulous survey of the literature on the occurrence of trichinae 
in wild-living mammals, ( carnivores, wild hoar) in t emperate regions 
shows that the infection is enormously widespread in Russia, the 
Scandinavian peninsula, Eastern and Central Europe, and that it 
is probably similarly widespread in the rest of Europe and in the 
temperate North America, no doubt in direct connection with the 
subarctic infections. The infections are, at any rate in many regions, 
maintained within the wild populations without any essential influ­
ence from the infections in domestic pig. In Europe the wild hoar 
has been found infected whereever it has been investigated. Probably 
it is infected throughout its total range. This contention is supported 
by the prolific occurrence demonstrated in the Middle East, Southern 
Sibiria and Northern India. 

11. In contrast to the current belief it is demonstrated that trichinae 
are widespread in domestic pigs all over the world, also in tropical 
regions. Wildliving scavengers in all regions examined ( other than 
Denmark, see p. 60) have been found to he infected. There­
fore, trichinae may he expected to he encountered in these ani­
mals in any region where trichinae occur in domestic animals. 
Furthermore, infected wildlife (like foxes, martens, etc.) have in all 
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probability been introduced from Europe into many reg10ns, like 
e. g. Australia and New Zealand. 

12. It is demonstrated that so far there is no evidence whatsoever 
to show that trichinae occur in insectivores. Apart from certain 
arctic and subarctic regions where rodents are known to eat meat, 
and apart from those mainly dependent upon human habitations, 
there is no evidence that free-living rodents harbour infections. 
Since there is plenty of evidence showing that no rodents are able 
to sustain trichina infections among themselves, it should now be 
possible to eliminate the rat theory for ever. It appears to have 
hampered the Trichinella studies enough already. It must be stated 
that, typically, the infections of Trichinella spiralis are dependent 
upon carr10n. 

13. The whole Trichinella situation, as outlined above, and historical 
evidence show that neither trichinosis (the disease) nor trichiniasis 
(the occurrence of the worm) at the time of their discovery were 
new phenomena, neither in Europe nor in America. 

14. Control of the infection in wild animal populations will hardly 
be possible. The only means of control would be the safe disposal 
of carrion. This should definitely be considered in more densely 
populated areas, where the degree of interplay between the infections 
in wild animals and domestic pig has still to be determined. To 
establish direct human protection, either prolonged freezing or 
thorough cooking will be the means. 

15. In appendix 1 (p. 92) all known occurrences of trichinae in wild­
living animals have been tabulated. In appendix 2 (p. 94), some 
observations on the shape and size of trichina capsules are presented. 
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PE3IOME 

PACIIPOCTPAHEHME TPMXMHEJIJIE3A 

1. 3nech II0JIH0CTbIO 0CBe~aeTCJl MCCJ18L(0BaHIIe HaJIMqMJl TpMXMHeJI­

Jie3a B 10200 rrpo6ax MHCa, B3JlTbIX B I'peHJiaHL(MM OT 25 pa3HbIX BML(0B 

MJieK0IIMTaIO~MX IBMB0THbIX. I1 ccJieL(OBaHMH 6hIJIM ocy~eCTBJieHhI yMep­

IIIMMM J:J;0KTopoM I'aHCOM POT M ero meH0M YpcyJioi1: POT. O6aop 

MaTepnaJia CJienyeT M3 Ta6JIMII 1-M Ha 13 CTp., 2-M Ha 14 CTp., a TamRe 

na KapT - pnc. 1-7. 

TioBOL(OM K c6opy MaTepMaJI0B 6hIJIM THiKeJibie 3IIML(eMMH TPMXM­

HeJIJieaa cpenn HaceJieHHH aarranHoi1: I'peHJiaHJ:J;MM B 1947 rony. BoJiee 

II03L(HMe BCIIbIIIIKM 6oJie3HH MMeJIM MeCTO B 1949, 1953, 1959 ronax. 

McToqHJ,IKOM 3TMX B CIIbIIIIeK 6bIJIO MHC0 M0pma H, B HeK0T0pbIX CJiyqaHx , 

MHC0 6eJiyxn (Delphinapterus leucas). CJIMIIIKOM paHHHH cMepTb J:J;0KTopa 

POT He rroaBOJIMJia eMy o6pa6oTaTh cBofr MaTepnaJI oKoHqaTeJihHO. 

2. lliMBOTHhie, 0Ka3aBIIIMeCH aapameHHbIMM, 6bIJIM: caHHaH co6aKa, 

BOJIK, IIOJIHpHbIM MenBeL(h , rr0JIHpHaH JIMCHIIa (rreceII), TIOJieHH (Pho c(/, 
hispida) M TIOJieHM (Erignathus barbatus). 

3 . H e 6hIJIO o6HapymeHO HMKaKMX rrpM3HaK0B aapameHMJl y L(MK0-

iKMBY~HX rphrnyttoB B I'peHJiaHAMM, KaK-TO: rroJIHpHhIM aaHII (Lepus 
arcticus) M JieMMHHr (Dicrostonyx torquatus). 

4 . 1.Ja~e M 6oJihIIIe B cero 6hIJIM aapameHhI co6aKM, B cpenHeM 0K0JIO 

70 °/o M 3TOT rrpoIIeHT B03poc AO 90 °/o B pai1:oHe TyJI3, 8)::(MHCTBeHHOM 

MeCTH0CTM, rne co6aKH MMeJIM 60JibllIOM L(OCTYII K MHCY IIOJIHpHoro 

M8L(BeL(H M MOpma. 3apameHMe co6aR 6bIJIO, oqeBML(H0 , BbI3BaHo OT6po ­

caMM MHca M co6aqhei1: rranaJihIO. 

5. 113 II0JIHpHbIX MeL(BeL(eM 6bIJIM aapameHhI rrpn6JIM3MTeJihHO 25 °lo 
MCCJieL(0BaHHbIX 3Bepei1:. TipnqMHOM 3T0ro, 0THOCMTeJihH0 MaJioro rrpo­

IIeHTa no cpaBHeHMIO C OCTaJihHbIM MaTepnaJIOM, HBJifleTCH, BepOHTHO , 

60JibIIIOe KOJIMqeCTBO MOJIOL(bIX iKMBOTHbIX, MCCJieL(OBaHHbIX B I'peHJiaH­

L(MM. 3apameHMe MeL(BeL(eM 6hIJIO, oqeBML(H0, BhI3BaH0 MeL(BemheM, 

TIOJieHheit M (B oco6eHHOCTM) MOpIBOBOM rranaJibIO . 

6. I loJIHpHbie JIMCMIIhI (rreCIIhI) 6hIJIM YAMBMTeJihHO peAKO aapameHhr , 

rrpM6JIM3HTeJihHO 1 °lo MCCJieL(0BaHHblX CJiyqaeB, HCH0 BapbttpyH B 

3aBHCMMOCTH OT rropOL(bI l1 MeCTHOCTM. 3apameHMe 6hIJIO, rrpenMy~e ­

CTBeHHO, o6HapymeHO B M8CTHOCTHX , rne rrpeo6JiaL(aJIM rreCIIhI , KOTOpbre 
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ep;HT JieMMHHrOB, a HMeHHO: CeBepo-3arra;a;, BOCTOK H 10ro-3arrap; 

rpeHJiaH;D;HH . .IJ:oBOJibHO 6oraTI,IM MaTep:u:aJI HCCJiep;oBaHHH rrp:u:6peIBHhIX 

nec u;oB sanap;HOM 'IaCTH KOHTHH8HTa, K rory OT HyrccyaK, He II0Ka8aJI 

HHKaKoro sapamemrn. OTcyTcTBHe sapamemrn cpe;a;:u: rrp:u:6pemHhlx 

rrecu;oB HaXO;D;HTCH, BepOHTHO, B CBH3H C BeChMa crreu;mpH'IHbIMH npHBhl'I­

KaMH IIHTaHHH 3TOM rropO;D;hl necu;oB. McTO'IHHKOM sapameHHH, rrpe­

HMyru;ec TBeHHO, HBJIHeTCH rrap;aJih Mep;Bep;eit H B OCTaTKax HX e)l;bl. 

Pe)l;KOCTh TPHXHHeJIJie3a s;a;ecb CBH3aHa C KOpOTKHM BpeMeHeM IBH3HH 

nec u;a. B pan:oHax Kpan:Heit ApKTHKH, r;a;e aapameHHe B CTpeqaeTCH 

qaiu;e BCero , rrec u;hI IBHBYT )l;OJihIIIe, 'IeM B 6oJiee cy6apKTff'IeCKHX o6JiaCTHX. 

7. IIepBoe )l;eitCTBHTeJihHOe )l;OKa3aTeJibCTBO HaJIH'IHH TPHXHH y 

MOpCKHX MJieKOIIHTaIOiu;HX IBHBOTHhIX 6bIJIO OCHOBaHo Ha 'IaCTH rrp e;a; ­

CTaBJieHHOro s;.:i;ech MaTepHaJia (301-303). Y MOpma :u: TIOJieHH (Erigna­

thus barbatus), KOTOphrn o6a rr:u:TaIOTCH IBHBYiu;HMH Ha p;He MOpH m:u:­

BOTHhIMH, 6hIJI o6HapymeH JIHIIIb 1 °lo sapameHHH. Y TIOJieHH (Pusa 

hispida) sapameHHe B CTpe'IaJioch eiu;e peme . .Il:JIH Bcex rropoA HCTO'IHH­

KOM sapameHHH, HaH60Jiee BepOHTHO, HBJIHeTCH rrap;aJih, B oco6eHHOCTH 

co6a'IhH. 1-ITo KacaeTCH p;Byx rrocJie;D;HHX - TIOJieHH (Erignathus barbatus) 
:u: TIOJieHH (Phoca hispida) - TO 6b1J1a BhlCTaBJieHa rHIIOTesa, 'ITO aapa­

meH:u:e IIOJiytJaeTCH, MOXeT 6hITb, OT raMMapH;D;OB H ;a;pyr:u:x paKoo6pa3HblX 

( ClWPJIYIIHhIX) IBHBOTHhlX, IIHTaIOiu;HXCH BCTpeqaroiu;eitcH B Mope rra;a;a­

JlbIO (383). BOJibIIIO:ti: MaTep:u:aJI, B3HThl:ti: OT rreJiarH'IeCKHX TIOJieHe:ti: , He 

rroKasaJI HHKa1-wro sapameHHH. 

8. Pacnpoc TpaHeHHe B OKpymHOCTH 80He IIOJIIOCa TPHXHHeJIJie8HOM 

sapa3hI y rroJIHpHhIX Me)l;Be)l;e:ti: - 6hIJIO yme )l;OKasaHo AOKTopoM POT B 1950 
ro)l;y. Ha OCHOBaHHH COBpeMeHHhIX 3HaHH:ti: ;D;OKa3aHo, 'ITO TO me caMoe 

OTHOCHT CH H K ;a;pyrHM BhIIIIeyrroMHHYThIM IBHBOTHbIM, y KOTOpbIX ycTa­

HOBJieHO sapameHHe H KOTOphle 6hIJIH rrpH'IHHO:ti: BCIIbIIIIKH TPHXHHeJIJie3a 

cpeAH mo;a;en: B I'peHJiaH;D;HH, a TaKme K 6eJiyre (Delphinapterus leucas) , 
OKa3aBIIIe:ti:CH sapameHHO:ti: Ha AJIHCKe. 

9. IIpeil;IIpHHHThie HCCJie)l;OBaHHH Ha AJIHCKe (293- 295), c oo6pa­

meHHH, OTHOCHTeJihHO Ha:ti:p;eHHhIX TaM sapameHHbIX 3Bepen: H HX B08MO­

IBHOrO KOHTaKTa C apKTH'IeCKHMH TPHXHHHhIMH sapameHHHMH H, Ha­

KOHeu;, H30JIHpOBaHHhie HaXO)l;KH B CKaH)l;HHaBCKO:ti: H CH6HpCKOM cy6apK­

THKe , )l;aIOT OCHOBaHHH BaKJIIO'IHTh, 'ITO, no B CeiI BepOHTHOCTH, pO)l;bl 

XHiu;HbI X IBHB0THbIX K0HTHH8HTaJibH0it cy6apKTH'IeCKOit o6JiaCTH noro­

JIOBHO sapameHhl. 8TO rrpe)l;IIOJIOIBeHHe IIO)l;)l;epm1rnaeTCH, Mem)l;y rrpO'IHM, 

p yccKHMH HCCJie)l;OBaHHHMH, rrpHHHThIMH BO BHHMaHHe B rrpHJIOIBeHHH. 

TaK KaK MHor:u:e rpbIBYHhl B cy6apKTH'IecKoit AJIHCKe o6HapymeHhI 

sapameHHbIMH, TO HYIBHO rrpHHHTb BO BHHMaHHe B03MOIBHOCTb aHaJIO­

rH'IHOM sapa8hl H B ;a;pyrHX cy6apKTH'IeCKHX o6JiaCTHX. 1-ITo 3TO He 

li!MeJIO MecTa B cy6apKTH'IeCKO:ti: rpeHJiaHp;HH, MOIBeT 6bITh CJiep;CTBHeM 

oco6oro IIOJIOIBeHHH I'peHJiaH)l;HH B sooreorpaqJH'IeCKOM OTHOIIIeHHH. 
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lliM3HeHHhie ycJIOBMH rphI3YHOB Ha AJIHCRe OTJIMqaIOTCH OT ycJIOBMM 

rphrnyttoB Ha ceBepe ceBepoeBponei1:cRoro ROHTHHeHTa. 

10. Ilo,n:po6Hoe MCCJie,D;OBaHHe JIHTepaTyphl O Haxom,n:eHHM TPMXMH 

y )];MROIBHBYll(HX MJieROIIHTaIOll(MXCH (IIJIOTOH)];Hhie, )];MRMe CBHHhM) B 

o6JiaCTHX C yMepeHHhIM RJIHMaTOM IIORa3hIBaeT, qTo aapameHHe oqeHb 

CHJihHO pacrrpocTpatteHo B PoccMM Ha CRaH)];MHaBCROM rroJiyocTpoBe , B 

BocToqHoi1: M :QeHTpaJihHOi1: EBporre, AttrJIMM M 11TaJIMM M qTo OHO, 

BepOHTHO, CTOJih me pacrrpocTpaHeHO B OCTaJihHOH qacTM EBpOIIhl JiI B 

patl:oHax CeBepHoi1: AMepMKH c yMepeHHhIM RJIMMaTOM M MMeeT, 6ea 

COMHeHHH, npHMYIO CBH3h C cy6apRTJiiqecRHMH aapameHHHMM. 3apamem,re 

)];HRMX IBHBOTHhIX MMeeT, BO BCHROM CJiyqae, MeCTO BO MHOrHX patl:oHax 

6e3 cyrn:ecTBeHHOro BJIMHHIIH co CTOpOHhI aapameHIIM y )];OMaIIIHMX 

CBMHetl: . .JJ:1rnaH CBIIHhH ORa3hIBaJiaCh aapameHHOM BCIO)];y B EBpone, r)];e 

OHa 6bIJia MCCJie)];OBaHa. Otta, oqeBM)];HO, aapameHa BO BCetl: o6JiaCTM ee 

pacnpocTpaHeHMH. 8TO rrpe,n:IIOJIOIBeHIIe HaXO)];HT IIO)];)];epmRy B qacTOtl: 

BCTpeqe aapameHn:i1:, o6HapymeHHhIX Ha Cpe)];HeM BocTORe, B IOmHotl: 

Cn:6n:pn: n: B ceBepI-Iotl: ilH)];MH. 

11. B rrpOTMBOIIOJIOIBHOCTb o6rn:eMy MHeHMIO IIORa3aHO, qTo TpIIXMHhI 

rnn:pORO pacrrpocTpaI-IeI-Ihl cpe)];H )];OMaIIIHHX cmrnei1: no BCeMy 3eMHOMY 

rnapy, a TaRme M B Tpo1rnqecRHX o6JiaCTHX . .JJ:n:ROIBMBYll(H8 IBHBOTI-Ihie, 

IIMTaIOll(MeCH rra,n:aJihIO , BO Bcex MCCJie)];OBaHHhIX MeCTHOCTHX / RpOl\18 

.I(aHMM, CM. CTp. 60/ ORa3aJIMCb aapameHI-IhIMM. Ilo3TOMY MOIBHO OIBM)];aTh, 

qTO TPMXMHhl 6y)];yT BCTpeqeHhl y 3TMX IBMBOTI-IhlX BO Bcex o6JiaCTHX, 

r)];e TPMXMHhl HaXO)];HTCH y ,D;OMaIIIHMX IBHBOTHhIX. KpoMe Toro , Ha)];O 

MMeTb BBM)];Y, qTo aapameHHhie )];MRHe IBHBOTHhie (HanpHMep: JIHCHIIhI, 

RYHHIIhI H )];p.), no Bcetl: BepOHTHOCTH, BhIB838Hhl H3 EBponhl B )];pyrHe 

patl:OHhI, HanpMMep: B ABCTpaJIMIO, HoByIO 3eJiaH)];HIO. 

12. Cy)];H no ony6mrnoBaHHOH JIMTepaType, HeT )];O CHX nop HHRaRHX 

)];ORa3aTeJihCTB, qTo TPHXHHhl BCTpeqaroTCH y HaCeROMOH)];HhIX IBHBOTHhlX. 

PeROMeH)];yeTCH ony6JIMROBaTh B03MOIBHhie OTRphlTMH B 3TOH o6JiaCTM, 

B TaROM BH)];e, qTo6hI 6hlJIO H CRJIIOqeHO BCHROe COMHeHHe B 3TOM. 3a 

HCRJIIOqeHH8M onpe)];eJieHHhIX apRTHqecKHX H cy6apKTHqecKHX o6JiaCTetl:, 

r )];e rphl3YHhI, RaI, H3BeCTHO, IlHTaIOTCH MHCOM H, RpOMe rphI3YHOB, 

3aB HCHMhIX OT qeJIOBeqecRHX IBHJIHll(, HeT HHRaRIIX )];ORa3aTeJihCTB, 

qTo TpHXHHhl BCTpeqaroTCH y rpbI3YHOB , IBHBYll(HX Ha BOJie. TaR RaR 

HMeIOTCH 6ecqn:cJieHHhie )];ORa3aTeJihCTBa, qTo rphI3YHhI He MOryT TIO)];)];ep ­

IBHBaTh aapameHHe cpe)];H caMHX ce6H, TO CJI8)l;OBaJIO 6hI Tenepb HaBcer)];a 

OT6poCHTb TeOpHIO aapa meHHH RpbICaMH, KOTOpaH yarn )];OCTaToqHo 

TOpMoan:Jia HCCJie)];oBaHHe TPHXMHhI. MomHo yTBepm)];aTh, qTo aapamem,ie 

TPHXHHeJIJie30M npoHCXO)];MT OT na)];aJIM. 

13. B ee TIOJIOIB8HHe TPMXHHeJIJieaa, RaR OHO o6pHCOBaHO 3)];8Ch, H 

HCTOpMqecRHe npMMephl ITORa3hIBaIOT, qTo HM 6oJie3Hb "TpMXMHeJIJie3", 

HM "TpI1Xl1HHa3HC" (npMCYTCTBHe qepBH) He 6bIJIM qeM-TO HOBhIM B 
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EBporre mu1 B AMep11Ke, HO qTo p;eJio B 3K0Jior11qecK0M KOMrrJieKce, 

K0TOpbIH cym;ecTBOBaJI ynrn B Teqem,rn TbICHqeJieTHH. 

14. Boph6a C aapameHHeM )l;HKHX IBHBOTHbIX ep;Ba JIM B03MOIBHa. 

Ep;HHCTBeHHbIM cpep;CTBOM 6opb6bl c HMM 6bIJIO 6bI 6eaorraCHOe yp;aJieHHe 

rrap;aJIH. 8TO )l;OJIIBH0 6bITb orrpep;eJieHHO rrpmrnTO BO BHHMaHHe B 

rycTO HaCeJieHHbIX MeCTHOCTHX, rp;e B3aHMOOTH0IIIeHHe aapameHHH Memp;y 

)l;HKOIBHBYIIIHMH IBHBOTHbIMH H )l;OMaIIIHHMH CBHHbHMH em;e H e y c TaHO­

BJieHO. ,l];JIH Herrocpe,a;c TBeHHoro rrpe,u;oxpaHeHHH qeJioBeKa OT aapameHHH, 

Heo6xop;MMO HJIM 6oJiee npop;OJIIBHTeJibHO aaMopaIBHBaTb MJIH OCHOBa­

TeJibHO BapHTb BCHKOe npHMeHHeMoe B ITMIIIY MHCO. 

15. B ,[J;0IT0JIHeHHM I ( c. 92) yKa3aHbI B Ta6JIMU,e Bee H3BeCTHbie 

p;o CHX nop cJiyqaH Haxomp;eHHH TpHXHHbI y ,[J;HK0IBHBYIIIMX IBHBOTHbIX. 

B )l;OITOJIHeHHH 2 ( c . 94) IIOKa3aHbI HeKOTOpbie Ha6mop;eHMH KacaTeJibHO 

cpopMbI H BeJrn:qIJ:HbI TpexHHHbIX KancyJI-b. 

16. B npMJIOIBeHHOM ,u;o6aBJieHHH ( c. 100) BbICKa3hIBaeTCH H 3BeCTHaH 

KpHTHKa rrpoTHB rrpMMeHeHHH CJIOBa "qioKyc" HJIH "oqar" 1 TaK KaK 3TO 

CJIMIIIK0M Y3K0e Il0HHTHe ,[J;JIH Il0CT0HHH0ro YHMBepcaJibH0ro HBJieHHH, 

KaKHM eCTb a apameHHe B rrpHpo,u;e. O6pam;aeTCH BHMMaHHe Ha TO, qTo 

yme no rrp11q11He KOpOTKOrO c poKa IBH3HH rpbI3YHOB (11 B03MOIBHO 

HaceK0M0H,[J;HbIX IBHBOTHbIX), OHM He MoryT HrpaTb perna10m;y10 p0Jib B 

TPHXMHHbIX 3IlH,[J;eMH0JIOrMHX. 
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Appendix 1. 

WILD-LIVING MAMMALS FOUND INFECTED 

WITH TRICHINELLA SPIRAL IS 

Opossum, Didelphys virginianus. U.S. A. (Iowa). 

Snowshoe hare, Lepus americanus. Alaska. 
Arctic ground squirrel, Gitellus parryi . Alaska. 
Red squirrel, Tamiasciurus hudsonicus. Alaska. 
Brown lemming, Lemmus trimucronatus. Alaska. 
Tundra red-backed vole, Glethrionomys dawsoni (rutilus). Alaska. 
Alaska vole, Microtus miurus. Alaska. 
Black rat, Rattus rattus alexandrinus , Hawaii. 
Hawaii rat , Rattus hawaiiensis, Hawaii. 

Wolf, Ganis lupus. Greenland, Alaska, Russia, Poland, Roumania, Bulgaria , Yugo-
slavia, Italy , Western and Central Siberia , 

Coyote, Ganis latrans. U.S. A.: Alaska, Iowa, Colorado. 
Arctic fox, Alopex lagopus . Greenland, Arctic Canada, Alaska, Russia Sweden. 
Red fox , Vulpes fulva. Alaska, Iowa, Colorado. 

Vulpes vulpes. Sweden, ~orway, Finland , Russia, Western and Central 
Siberia, Poland, Hungary, Germany (Bayern , Wiirttemberg, Baden, Rheinland , 
Braunschweig, Hessen , Sachsen, Schlesien), Austria, Switzerland, Czecho­
slovakia, Roumania , Bulgaria, Yugoslavia , Italy, Luxemburg, England. 

Vulpes corsac. Central Siberia. 
Raccoon dog, Nyctereutes procyonides, Russia , Germany (? see p. 47 ). 
Grey fox , Urocyon cinereoargenteus. U.S.A. (Iowa). 

Brown Bear, Ursus arctos. Alaska, Sweden, Roumania, Russia, Caucasus, Kamchatka. 
Black Bear, Ursus americanus. Alaska, U.S.A. (California, Pennsylvani;i. , X. Y. State). 
Polar Bear, Thalarctos maritimus. Greenland , Arctic Canada, Alaska , Spitsbergen 

(Svalbard) , Frantz Joseph Land, Arctic Siberia, the Polar Sea. 
Raccoon, Procyon lotor. U.S. A. 

Badger, Meles meles. Norway, Sweden, Finland, Russia, Hungary, Bulgaria, Germany 
(Ost Preussen, Brandenburg, Mecklenburg, Braunschweig, Sachsen, Hessen, 
Baden, Bayern). 

American badger, Tax idea tax us. U.S. A. (Maryland ). 
Spotted skunk, Spilogale putorius, U.S. A. (Iowa). 
Striped skunk, Mephitis mephitis. U.S.A. (Iowa, Maryland , Louisiana) . 
Ermine, stoat, Mustela erminea. Alaska, Sweden, Russia, western and central Siberia. 
Least weasel, Mustela rixosa. Alaska. 
American mink, Mustela vison. U.S.A. (Iowa). Norway, 
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Siberian mink, Mustela sibirica, western Siberia. 
Weasel, Mustela vulgaris, Bulgaria. 
Pigmy Weasel, Mustela minuta, western Siberia. 
European mink, Lutreola lutreola. Russia. Roumania. 

93 

Polecat, Putorius putorius. Germany (Mecklenburg, Braunschweig). Roumania, 
Bulgaria. 

Pine marten, Martes martes. Russia, Germany (Braunschweig). Sweden. 
Stone Marten , Martes foina. Russia, Czechoslovakia. 
Sable, Martes zibellina. Russia. 
Wolverine , Gula gulo. Alaska. 
Otter, Lutra lutra, Roumania . 

Ichneumon, H erpestes ichneumon. North Africa (? See p. 64). Israel. 
Mongoose, Mungos birmanicus. Hawaii. 

Wild cat, Felis catus. Russia. Czechoslovakia. Roumania. 
Lynx, Lynx lynx. Alaska, Russia, Poland, Czechoslovakia. 
Bobca t, Lynx rufus, U.S.A. (Colorado). 

Walrus, Odobaenus rosmarus. Greenland, Arctic Canada, Polar Sea. Alaska. 
Ringed seal, Phoca hispida. East Greenland, Alaska. 
Bearded Seal, Erignathus barbatus. Greenland, Alaska. 

White whale, Delphinapterus leucas. Greenland, Alaska. 

Wild boar, Sus scrofa. Russia, Poland , Germany (Brandenburg, Braunschweig, 
Pommern, Mecklenburg, Sachsen, Hessen , Bayern, Wiirttemberg), Hungary, 
Roumania, Bulgaria, Holland , Belgium, Switzerland, Syria, Northern India, 
Siberia. 

Feral swine, Sus scrofa domestica, Hawaii . 
Hippopotamus, Hippopotamus amphibius. Africa (Sudan) (See p. 69). 
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Appendix 2. 

SOME OBSERVATIONS ON THE SHAPE 
AND SIZE OF THE CYSTS OR CAPSULES OF 

TRICHINELLA SPIRALIS 

As mentioned above on p. 12, Dr. RoTH measured almost 800 
cysts, and made some observations on their shape. This latter is known, 
in a broad sense, to vary according to the host. The information in the 
literature on these things appears to be meagre. 

The typical shape, as is seen so often in the "classical" figures of 
the cysts of capsules in the muscles, containing the larvae, appears 
to be lemon-chaped, more or less oblong, but oval shapes are also common, 
in pig and in man. In many hosts the capsules are often rounded, getting 
short elliptoid to circular in the microscopic picture, e. g. in rats and 
carmvores. 

In the present material the lemon-shape occurred with a considerable 
frequency in the dog and to a less degree in the polar bear, and was 
furthermore met with in the arctic fox and the walrus. It did not occur 
in the rather few cysts measured in the bearded seal and the ringed seal. 
The occurrence of this shape was correlated with the age of the cysts, 
since it was present in the dogs with a significantly higher frequency 

Table 7. 

Age of 
Host capsules Total + °lo+ 

Dog ..... ..... . "young" 103 64 62.2 
"old" 53 13 24.5 

Bear .... ....... "young" 19 6 31.5 
"old" 25 2 8.0 

Bear .......... . 51 11 21.6 

Number of host specimens with and without lemon-shaped cysts or capsules of 
Trichinella spiralis. In the case of dogs, Chi- quare on young and old cysts is highly 
significant (18.43***). 

in "young" than in "old" cysts (Table 7) (Regarding the meaning of 
these designations, see above, p. 12). In the bears the same tendency 
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Fig. 9. Length and width of Trichinella spiralis capsules in muscle. 
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Table 8. 

Host Measurement I n x Range t F 

Dog length, old ........ 187 405 200- 750 106.0} 
255 421 200- 750 97 .6 1.75 1.18*** - - young ...... 

- width, old ........ . 187 264 125- 500 74.0} 
255 219 125- 425 55.2 6.91 *** 1.85*** - - young . .... . 

- form index, old . ... 187 1.63 1.00- 3.71 0.53 .} 
255 2.07 1.00- 4.80 0.76 73.60*** 2.10*** 

- - young . 
Bear length, old .. . ..... 61 513 375- 700 87.7} 

45 448 300- 700 90.1 3. 71 *** no diff. - - young ..... 
- width, old . .. .. ... 61 378 250- 550 58.5} 

45 321 150- 450 63.6 4.77*** no diff. - - young . . ... 
- form index, old ... 61 1.38 1.00- 2.00 0.08} 

45 1.46 1.00- 3.00 0.54 9.34*** 4.36** - - young. * 

Dog length .. ... . .. . ... 442 416 200- 750 101.0} 6. 77* ** n. s. ' ) Bear - .. . . ... . . . .. 106 485 300- 700 93.0 
Dog width ... . . . ... . . .. 442 238 125- 500 68.0} 
Bear 106 354 150- 450 66.9 16.05*** n. s. 2 ) - ........ .. ... 
Dog form index, . ....... 442 1.88 1.00- 4.80 0.67} 
Bear 106 1.41 1.00- 3.00 0.28 91.30*** 2. 92*** - ... . .... 
Fox length .. . .... .. .... 26 392 175- 525 85.4 - -

- width ... . .... . .... 26 247 150- 425 67.6 - -

- form index .. .. . . .. 26 1.67 1.00- 3.50 
0.60 l - -

Walrus length .. .. .. .... 11 443 375-800 103.7 -
width 11 339 250-450 93.8 4.18** - . .. .. ..... -

- form index . ..... 11 1.38 1.07- 1.88 0.56 l -

Bearded seal length ... . . 12 523 300- 650 130.7 2.56* -

width . .... 12 379 200- 475 60.1 

J 
10.70** - -

- fo rm index 12 1.39 1.00- 2.00 0.91 -

* 

Measurements of cysts or capsules of Trichinella spiralis. (Regarding "young" and 
" old" cysts, see p. 12). 

1 } If only old cysts are compared : F = 1.44*. 2) If only old cysts are compared : 
F = 1.64**. 

was evident, even if the lemon-shape was met with more rarely here, 
in conformity the relative rareness of oblong forms. 

Elongate forms were more frequent in dogs ( average form index 
1.88) and foxes (1.67) than in the bear (1.41), the walrus (1.38), and 
the bearded seal (1.39), (see table 8, form index, and figure 10), but 
the shape is also dependent upon the age, since the round forms are 
more frequent among old than among young capsules (table 8, form 
index, figs. 11- 12). 

Following the shape variations, the average size (length of cysts) 
was significantly larger in cysts from polar bear (485 µ), walrus (443 µ), 

159 7 
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Fig. 13. Trichina capsule in fl esh of polar bear. In center the coiled worm 
is seen. (100 X). 

VII 

and bearded seal (523 µ) than in the dog (416 µ) and the arctic fox 
(392 µ). (Figure 9 and table 9). Old cysts are larger than young cysts. 
As regards width, these differences are significant in the case of both 
dog and bear, whereas only in bears the length is greater in old than in 
young cysts. In dogs, however, as in the case of the width, there is a 
significant difference in the variance, this being greater in old cysts. 
By significant differences in mean length and width between old and 
young cysts in bears, no corresponding difference in variance was ob­
served, even if in the case of the form index the variance was significantly 
larger in young cysts than in old ones, both in dogs and bears. No ex­
planation of these facts can be offered. The cysts in dogs exhibit a 
higher variability in regard to both length, width and form index t han 
those in bears, in these respects behaving as "younger" (table 8) (See 
also fig. 10 and 11 , where the cysts from dogs maintain their more elon­
gated forms on a higher level than those from bears, presenting a similar 
difference as young and old cysts , respectively, especially in dogs). 

According to measurements recorded in the literature (see 139, 
151) the range of zise of the cysts in man and pig seems, generally, to 
fall within that found in dog here. However, generally the cysts in man 
would seem to be narrower; but the figures available do not permit 
a direct comparison. The cysts of the polar bear are often stated to be 
large, and the largest measurement recorded even exceeds those found 
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in our material (in 139, p. 173, table , there is a misprint, in that the 
length is given as 0.38 mm instead of 0.88 mm). The isolated measure­
ments of cysts in mice indicate that they are about as oblong as in dogs, 
but considerably smaller. The facts available do not permit any reasonable 
correlation between the size and shape of the cysts and the size of the 
host or the strength of the musculature, even if it is obvious that the 
texture of the musculature is somehow decisive (see 368). 

?* 
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ADDENDUM 

Since the completion of the manuscript a considerable amount of 
fresh information has been published, and some earlier data have like­
wise come to my attention. The information is chiefly derived from 
reports (more especially No. 445) and abstracts obtained on and from 
the First International Conference on Trichinosis held in Warszawa on 
September 12- 13, 1960, in which I had the opportunity to participate, 
and at which I presented a report (454). 

The fresh information that has come to light concerning the con­
ditions in the Arctic is only sparse. Apart from some additional evidence 
of the occurrence of trichinae (in precentages around 50) in the polar 
bear in Spitsbergen (549) and in the Arctic fox in Sweden (430), a recent 
paper by FAY ( 434) may be mentioned. It is interesting in several respects. 
Its main importance lies in the additional evidence which it supplies 
with regard to the carnivorous, and especially carrion-feeding, habits of 
the walrus. Of special significance is the pointing out of the fact that 
there is a tendency for single individuals only to display this habit. 
This would explain the sporadic occurrence of trichinae in the walrus, 
as mentioned above (p. 32). As this was clearly pointed out for the 
first time in the present paper, it has quite naturally escaped his atten­
tion that the main source of trichina-infections in nature is carrion. 
In his assumption that the transmission is dependent upon predation 
he is therefore still influenced by LE UCKART, assuming e.g. the source 
of infection for the polar bear to be the bearded seal and the spotted 
seal. He even maintains that the eating of carrion "occurs too infre­
quently to be the principal method of transmission". He evidently 
overlooks the well-known, above (see e. g. p. 26, 81). stressed, fact that 
once acquired, an infection may be infective during the entire lifetime 
of the host. The same fact is overlooked when (in his table 2) he tries 
to correlate the finding of flesh remnants in the stomachs of walrusses 
with the occurence of trichinae. 

On one point he has made a mistake. This is understandable in 
some measure, considering the information which was available to him: 
he doubts that the main cause of the outbreaks of trichinosis in West 
Greenland was walrus meat. It will appear from the present paper 
(see e. g. p. 37) that this is simply a fact . One reason for the widespread 
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occurence along the coast, at which he wonders, is that meat of walrus, a 
comparatively rare thing in southern West Greenland, is widely distrib­
uted, whether sold or in the form of gifts. Another circumstance which 
he thinks difficult to explain is "the lack of infections in settlements 
immediately north of the area of the epidemic where walrus, apparently 
from the same migrant population, were also harvested and eaten 
annually". The sporadic occurence of trichinae in walrus may furnish 
part of the explanation. Furthermore, in the meantime epidemics have 
occurred in these regions also. Finally, he reports himself how such a 
situation may arise, in the extremely interesting case when meat of 
an infected walrus (in Alaska) caused symptoms only in young, but 
not in old, dogs, and not in man either ( cf. above p. 84). 

The other fresh information to be cited below supports in every 
respect my thesis of the extremely wide spreading of the natural in­
fection, especially in carnivores, and some more countries can be added 
to the list given above (p. 45 ff.). 

That the infection in wild-living carnivores in Norway is a regular 
normal phenomenon, is emphasised again by some interesting observa­
tions (439), according to which trichinae have now also established 
themselves in the populations of American mink (Mustela vison) which 
have gained a footing in recent years, a case corresponding to the infec­
tions in the raccoon dog in Russia (cf. p. 47). 

In Sweden trichinae have been found in recent years in ermine 
and pine marten (430) , besides in fox and badger (see p. 48) . In this 
connection a case in a lynx in a zoological garden may be mentioned. 

There is now direct evidence of the occurence of trichinae in brown 
bear (429), and in foxes (6 out of 38, or 15.8 per cent) in Finland (472) 
(see p. 48). 

A number of additional reports from the U.S.S.R. are likewise 
at hand. In the Roshchinsky area three out of 36 European mink (Lutre­
ola lutreola) were infected (428); in various regions brown bears were 
found to be positive (438, 442, 479). In the Charkov region again a 
number of wild-living carnivores - wolf, fox, and raccoon dog - were 
found to be infected (466). In the Kursk region a number of animals 
were investigated, partly based upon meat remnants on hides. Out of 
174 foxes , 56 were infected (32.2 per cent), and almost 100 per cent 
of a large number of wolves . Six out of 22 raccoon dogs were also infected. 
As in the Greenland material, though in other species, double infections 
were observed in wolves and foxes ( 485 ). 

Very important are some recent reports from Western Siberia: 
5 out of 5 wolves, 69 (20 per cent) of 337 foxes, 3 of 33 ermines, 9 of 
87 Mustela sibirica and 2 out of 18 Mustela nivalis ( = rninuta) were 
found to be infected (450). Of particular importance are some reports 
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from the central parts of Siberia (see p. 49): heavy infections in wolf; 
the fox (33 of 132 inv. = 25.8 per cent) , and 2 of 42 ermines were positive, 
in the Novosibirsk region (451). In the Omsk region, 9 out of 9 wolves 
examined were positive (440) , and varying incidences were found in 
red foxes; trichinae were also found in the new host V ulpes corsac ( 4 71) . 

Notably from a series of East European countries, additional or 
fresh evidence has been reported . In Poland , 5 out of 5 wolves and 17 
of 60 foxes (26 per cent) were positive (446). In Czechoslovakia consider­
able additional materials have been investigated. In western Slovakia 
one of 17 foxes , one of 10 wild cats , and two of 5 lynxes displayed 
infections (424, 433). In the surroundings of Prague, three out of 15 foxes 
were found to be infected (483). In Hungary, foxes and wild boars 
were positive (463). 

From Roumania a number of reports were presented, based in 
part upon large materials. Of 1,078 foxes, 235 (21.8 per cent) , 115 of 273 
wolves (42.1 per cent), 19 of 72 wild cats (26.4 per cent), and 14 of 199 
Putorius putorius were found to be infected. Curiously enough, 95 badgers 
were examined without one positive result. Three out of 21 (14 per cent) 
Lutreola lutreola were infected. For the first time, trichinae were found 
in an otter (Lutra lutra) , one out of 15 (452, 453, 468). An outbreak 
in human beings after the consumption of brown bear meat was also 
reported (437). 

In Bulgaria, a high percentage (8 out of 39, or 20 per cent) was 
found in the wild boar (477). Out of a total of 312 foxes , 113 (35.6 per 
cent) contained trichinae. In addition, trichinae were found in one of 
4 wolves, two of 22 badgers, one of 19 Putorius putorius, and four of 
25 Mustela vulgaris (422, 456, 464, 465). From Yugoslavia direct evi­
dence ( cf. p. 58) of the occurence of trichinae in wild-living carnivores 
is now available, trichinae having been found in 22 out of 126 (17.4 
per cent) foxes, and in 4 of four wolves investigated (444, 474). 

In Germany a few more wild-living carnivores of the usual species 
were found infected (471) , thus in Braunschweig, in the late forties 
of this century: badgers, foxes and wild boars (435). In Hessen, an 
outbreak in man was caused by an unexamined wild boar (475). In 
Italy trichinae have also been found to be of widespread occurrence 
in red foxes (432); in one case, 195 out of 594 foxes (32.8 per cent were 
found to be infected ( 448). Also a wolf was found to be infected ( 436). 
Recently a more comprehensive paper treating the sit uation in Italy 
was published (455 a) . 

Also from regions outside Europe fresh evidence supporting my 
thesis of the wide distribution of the infection is now at hand. Sylvan 
animals in the Rocky Mountains, U.S.A., were found infected (Four 
out of 394 bobcats (Lynx rufus) , (1 per cent), 1 of 194 coyotes (0.5 per 
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cent), and one of 33 red foxes (3 per cent)) (467), and Dr. DE WITTE 

reported at the conference that trichinae had been found in a wild-living 
black bear in Pennsylvania. Finally, trichinae were found in one out of 
126 skunks investigated in Louisiana (423). 

Especially interesting in our context is the occurrence of trichinae 
in Herpestes ichneumon in Israel (461, 484) . According to a recent report 
(441), trichinosis is rare ( ! ?) in man and animals in India (see p. 65). 
Additional reports on trichinae in pigs, dogs, cats, and rats in various 
parts of China were also presented (443, 476, 480) . Trichinosis was also 
reported from Japan (478). The same was the case in the Canary Islands 
(476) and the Philippines (460) . Rumours were current at the Conference 
that trichinae had been found in wild-living carnivores in China and in 
Africa! 

In regard to the intricate question of the alleged occurrence of 
trichinae in rodents and insectivores, some fresh information has turned 
up (cf. p. 52). A quite cryptic report was given from India (470) , 
according to which Trichinella sp. was found in a desert hedgehog. 
This has evidently nothing to do with Trichinella spiralis. In Poland 
( 481) 24 insectivores and 583 voles were investigated without positive 
results. In Italy (448) the same was the case with 39 moles, and in She 
Nian, China (480) with 107 voles. But also positive finds are on record: 
In the Omsk region, Siberia, in a hedgehog (469), in Roumania in 11 
out of 182 Cricetus cricetus, the common hamster (6.4 per cent) (452, 
453) , and in India in a squirrel ( 441 ). 

In its relation to man, the infection of trichinae (zoonosis) is an 
anthropozoonosis (462). In recent years special attention has been paid 
to the ways of transmission (besides the papers mentioned above, 
p. 55, see also 425, 427, 447, 466, 485). A main concept in these studies 
is the herd or focus. These expressions seem to me to be misleading 
to some extent, since they give an impression of something restricted, 
whereas available facts , as pointed out repeatedly above, show that 
the transmission from animal to animal is a regular, widespread pheno­
menon. 

It may be pertinent to point out again here the main factors re­
sponsible for this condition. In the first place, it is only exceptionally 
that the transmission depends upon predation, whereas the main mechan­
ism is scavenging eating habits, which are evidently more widespread 
among carnivores than generally realised. Secondly and naturally, even 
though this fact has hitherto been overlooked to some extent, the older 
the animal, the greater will be its chance of being a source of further 
spreading of the infection. 

If this is clearly kept in mind, the significance of infections in 
insectivores (if they occur at all) and in rodents will come into its right 
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light. Since all these animals are shortlived, they are doomed to be of 
minor significance. 

There are obvious sources of error in regard to the diagnosis of tri­
chinelliasis in insectivores and rodents (see above p. 52). This is em­
phasised once again in a recent paper (465), in which trichinae are reported 
to have been found in owls ! This can be said, with a considerable degree 
of certainty, to be a misdetermination. Even though it was stated by 
BEREZANTSEV that some cases in insectivores were verified by feeding 
experiments with mice, the matter has not generally been published 
in such a way as to preclude any doubt. It would be extremely useful, 
if it were stated expressly in publications dealing especially with other 
animals than carnivores that the larvae found were identified microscop­
ically (an easy thing to do), or if the exact procedure of feeding experi­
ments were given in detail. 

On the other hand, it may be said that in Alaska, at any rate , 
trichinae have repeatedly been found in many kinds of rodents (but not 
hitherto in insectivores), and there does not seem to be any reason 
to doubt the determination in this case. In other regions, however, as 
in Germany, Hungary, Poland, and in certain regions in Russia, it is 
evident that a situation like that met with in Alaska does not exist. 
But it must be remembered that Alaska may be considered a wilderness 
area. A similar situation might quite well be found in other pronounced 
wilderness areas, as for instance Siberia. A systematic survey with this 
possibility in view would be useful. 

From the exposition given above, it will be understood that I am 
still of the opinion that the importance of the accidental spreading of 
carcasses through insects and birds has been extremely over-emphasised 
(see p. 56) (457 , 458, 459). Also the transmission of the infection with 
feces appears to have been over-estimated, since the chance of infection 
by this means is only a matter of hours (473). 

In conclusion, it may be mentioned that a few recent reports on 
trichinae in farm fur animals have come to my attention (430, 451, 
469, 472, 482) mainly from East European countries (see also p. 72). 
In order that the above (p. 84) list of papers on the reaction of trichinae 
to low temperatures should be as complete as possible, three more papers 
may be mentioned (421,431,455). A few indications of the size of trichina 
"cysts" in various animals are to be found in a recent Russian paper 
( 469) ( cf. p. 90). 

It is interesting to observe how recent knowledge begins to leak 
out so that it is considered probable, even in recent official statistics, that 
trichinae occur e. g. in several regions in Africa, and the occurrence is 
acknowledged in regions from which no other information was formerly 
available, like in Malaya. But the veterinarian reticency ( cp. p. 82) is 
still strongly felt in many cases ( 486). 
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