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Comparison of three methods for the detection
of Trichinella spiralis infections in pigs by five
European laboratories*
G. KOHLER & E. J. RUITENBERG

On behalf of the members of a Working Group 1

Three methods employed in the diagnosis of trichinosis (trichinoscopy, digestion method,
and immunofluorescence technique) were compared by laboratories in 5 countries of the
European economic community. For this purpose, material from 32 pigs infected with 50,
150, 500, and 1500 T. spiralis larvae was examined. With none of the three methods was
it possible to detect with sufficient reliability a T. spiralis infection in pigs infected with
50 larvae. The digestion method and the immunofluorescence technique yielded more reliable
results when the infection dose was 150 larvae or more. With trichinoscopy, reliable results
were obtained in pigs infected with 500 and 1 500 larvae. With the digestion method and
trichinoscopy, the onset of infections was detectable from 3 weeks post infection, the
digestion method being more reliable; the immunofluorescence technique yielded positive
results from approximately 4-6 weeks post infection. The immunofluorescence technique
is applicable for epidemiological surveys. As a routine diagnostic procedure in the slaughter-
house, trichinoscopy and the digestion method are possible alternatives, the latter being
more sensitive.

In order to facilitate the increasing exchange of
processed food products between the countries of
the European economic community, standardized
examination procedures are needed. This is particul-
arly important for meat inspection, the diagnosis of
trichinella infections in pigs being one of the prob-
lems. It was therefore decided to promote a com-
parative examination of the various methods now
in use for the detection of Trichinella spiralis infec-
tions in pigs. The Institute for Veterinary Medicine
of the Federal Public Health Service in Berlin
was in charge of the experiments and prepared the
materials to be examined. The investigation com-
pared the following diagnostic procedures: trichino-
scopy, the digestion method, and the immunofluor-
escence technique.

* This investigation was initiated by the Common Market
Scientific Veterinary Group on Trichinellosis and received
financial support from the World Health Organization.
Reprints may be obtained from the Institut fur Veterinar-
medizin (Robert von Ostertag Institut) des Bundesgesund-
heitsamtes, 1 Berlin 33-Postfach, Berlin.

I The names and addresses of the members of the Working
Group are listed in the Annex.

MATERIALS AND METHODS

Pigs and T. spiralis larvae
The pigs (both males and females) were of the

German Landrace. At the beginning of the experi-
ment they were between 7 and 10 weeks of age.
The serum of the pigs was examined for T. spiralis
antibodies by means of the immunofluorescence
technique.

The T. spiralis larvae used were of a Berlin
strain, which had been maintained in guinea pigs
and rats for several years. This strain was also patho-
genic for pigs.

Infection with T. spiralis
Infection was carried out with encysted muscle

trichinae, 6-8 weeks of age, obtained from guinea
pigs. The required numbers of T. spiralis larvae were
counted trichinoscopically between two glass plates,
then mixed with bran and sugar water, and fed to
each individual pig. During the infection procedure
the pigs were under constant observation in order
to ensure that all the material was ingested.
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Experimental design

Two experiments were performed.
Experiment 1. There were 4 groups of 6 pigs each,

which were infected with 50, 150, 500, and 1 500
larvae, respectively. Two animals from each group
were autopsied at 4 or 5 weeks post infection (p.i.),
2 at 12 weeks, 1 at 18 weeks, and 1 at 34 weeks p.i.
These post infection times were chosen in order to
study (1) the influence of a more or less developed
cyst wall on detectability by means of trichinoscopy;
(2) the influence of the cyst wall on the possibility
of isolation by means of the digestion method; and
(3) the course of the antibody titres during a pro-
longed period of time.

Experiment 2. The aim of this experiment was to
study the reliability of trichinoscopy and of the diges-
tion method in identifying the onset of a T. spiralis
infection. There were 4 groups of 2 pigs each, which
were infected with 50, 150, 500, and 1 000 larvae,
respectively. One animal from each group was autop-
sied at 2 weeks p.i., the other at 3 weeks p.i.

Serum examination

The sera of the animals were taken from the
anterior vena cava. Serum samples were collected
weekly until 12 weeks p.i., then at 2 week intervals
from 12-18 weeks p.i., and at 3 week intervals from
18-33 weeks p.i. Vials containing 1 ml of each
lyophilized serum sample were sent to the various
laboratories. The sera were not mailed in the time
sequence of their collection in order to avoid any
subconscious bias by the investigator towards an
expected result.

Trichinoscopy

Trichinoscopic examination was performed by
means of an ordinary light trichinoscope with 50x
and 80x enlargement. The procedure followed the
rules described in the meat inspection law of the
Federal Republic of Germany. Instead of the regular
procedure, which requires the examination of 14
" oat-grain "-sized pieces from the pillars of the dia-
phragm, each laboratory examined a quantity 5 times
larger (70 pieces) in order to determine whether an
increase in the amount of the material examined
could influence the detectability of infection, par-
ticularly in animals infected with low numbers of
T. spiralis larvae.
In order to compare the results obtained by the

normal procedure (examination of 14 pieces) with
those from an examination of a 5 times larger quan-

tity, the proportion of positive findings per animal
was calculated from the results of the 25 obser-
vations made in the various laboratories and the
mean value of positive findings per infection group
was established. This latter was calculated only in
experiment 1, in which the results from all animals
per group could be pooled since the groups included
only pigs with relatively long-standing infections. In
experiment 2, the results obtained from the pigs
autopsied at 2 and 3 weeks p.i. were considered
separately, since the larvae were still in a rather
vulnerable state and might have been readily digested.

Digestion method

In the digestion method, 20 g of diaphragm from
each pig was sent to each participating laboratory.
The sample included muscle from the pillars and
from other parts of the diaphragm in order to make
up the required amount of 20 g. This amount was
chosen, as it is the routine procedure adopted in the
Netherlands (3). Only from small pigs, autopsied
at 2-4 weeks p.i., was the required amount of
material unobtainable; all the participating labora-
tories therefore received the same weight of a smaller
amount of material.
The muscle was ground by means of a meat-

cutter, then put in a plastic sieve and covered with
cheese-cloth. The sieve was placed on top of a glass
funnel, which was connected to a glass tube by
means of a rubber tube.
The digestion fluid was composed of pepsin

1 200 U/g (10 g) and concentrated hydrochloric acid
(5 ml), made up to a litre with tap water. The funnel
was filled with enough digestion fluid to cover
completely the material under investigation. The
ratio of the material to the digestion fluid was
approximately 1: 30. After an incubation period of
20 h at 37°C the glass tube was removed. The super-
natant was carefully drawn off and the larvae were
put in a Petri dish, washed, and counted.
To compare the data with the results of trichino-

scopy, the mean proportion of positive findings per
infection group was established for experiment 1. In
experiment 2, the mean proportions of positive find-
ings from pigs autopsied at 2 and 3 weeks p.i. were
considered separately.

Immunofluorescence technique (IF)
The method described by Ruitenberg et al. (1)

was employed. The lyophilized sera were dissolved
in 1 ml of distilled water, inactivated for 30 min
at 56°C, and diluted. Each dilution was incubated
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with appoximately 100 larvae, which had previously
been fixed for 10 min in a 4% formaldehyde solution
and rinsed in phosphate buffered physiological saline
(0.01 N; pH 7.2). After incubation for 30 min at
room temperature, the serum was drawn off and the
larvae were rinsed four times with the buffer solution.
Finally the conjugate was added (rabbit-anti-swine
immunoglobulin, dilution 1 :10). After a further
incubation for 15 min at room temperature and
rinsing three times with the buffer solution, the
larvae were suspended in a drop of buffered glycerol
and placed on slides. The preparation was covered
with a cover slip and then examined under a fluor-
escence microscope equipped with a mercury lamp,
the appropriate filters (excitation filter BG 12; bar-
rier filter K530), a 10 x objective, and 3.2 x oculars.
In each series of experiments the usual control
examinations were carried out.

Assessment offluorescence. Specific cuticle fluor-
escence was assessed on the following criteria:
+ =all or nearly all larvae display a uniform cuticle

fluorescence
* =weak fluorescence in the majority or not evenly dis-

tributed strong fluorescence in a number of larvae
- =no fluorescence or traces

RESULTS

By trichinoscopy and the digestion method

Experiment 1. Table 1 shows the results of trichino-
scopy and the digestion method (animals autopsied
4-34 weeks p.i.). In group 1 (50 larvae), trichinoscopy
yielded essentially negative results except in one-
laboratory, which identified the infection in all
samples from 2 animals (pig No. I and 6). The
digestion method yielded positive results in approxi-
mately half the samples.
A comparison of the sensitivity of the two meth-

ods on the basis of the examination of 14 pieces of
diaphragm by trichinoscopy and the examination
of 20 g of diaphragm by the digestion method
showed that the proportions of samples detected
harbouring T. spiralis were 18.0 % and 50.0 %, respec-
tively (Table 2).

In group II (150 larvae), trichinoscopy yielded
positive results in about half the samples examined.
With the digestion method, T. spiralis infection was
demonstrated in all the animals with the exception
of pig No. 9 by 4 laboratories and pig No. I by
1 laboratory (Table 1). The efficiencies of the two
methods on the basis of the examination of 14 pieces

of diaphragm by trichinoscopy and 20 g of dia-
phragm by the digestion method were 50.0% and
82.5% respectively for positive findings (Table 2).

In group III (500 larvae), essentially negative
results were obtained by trichinoscopy in the exami-
nation of 2 pigs (pig No. 16 and 18) in most labora-
tories; in the other 3 animals, however, infection
was readily detected. With the digestion method,
infection was detected in 4 animals, pig No. 18 being
the exception; examination of all samples from this
animal yielded negative results although trichino-
scopic examination demonstrated T. spiralis infection
in 11 of 25 samples. The data presented in Table 2
show an efficiency of 79.3 % for trichinoscopy and
79.2% for the digestion method.

In group IV (1 500 larvae), T. spiralis larvae were
found in practically all the samples. The efficiency
figures for trichinoscopy and the digestion method
were 99.3% and 100%, respectively. No difference
between the efficiencies of trichinoscopy and the
digestion method was found at the various post-
infection times (4-34 weeks).

Experiment 2. Table 3 summarizes the results of
experiment 2. In the animals autopsied at 2 weeks
p.i., T. spiralis larvae could be detected in only one
sample from group III (500 larvae) examined by the
digestion method; all the other samples examined
by either trichinoscopy or the digestion method were
negative. Samples from animals autopsied at 3 weeks
p.i. yielded a greater proportion of positive results.
With trichinoscopy, virtually all the samples from
group IV (1 500 larvae) proved to harbour T. spiralis
larvae; the samples from the other infection groups
yielded a greater proportion of negative results. With
the digestion method, the infection was readily
detectable in the samples from group 11 (150 larvae)
onwards. The efficiencies of both methods are shown
in Table 4.

By the immunofluorescence technique
Experiment 1. In general, positive results were

obtained from 4-6 weeks p.i. onwards.a In a third
of the animals infected with 50 larvae no T. spiralis
antibodies were detected at all. However, all the sera
from the animals infected with 150 larvae yielded
positive results in all 5 laboratories, although some-
times questionable results were obtained. The results

a Space did not permit the publication of the Table
illustrating these results. It has been deposited in the WHO
library and professionally interested persons may obtain
single photo-copies on request to: Chief Librarian, WHO,
1211 Geneva 27, Switzerland.
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Table 1. Results of experiment 1 on the detectability of infection by trichinoscopy and the digestion method in pigs
infected with various numbers of T. spiralis larvae and autopsied 4-34 weeks p.i.

Laboratory

Group No. of no. (weeks 1 2 3 4 5larvae no. ~~p.i.)
Ta Db T D T D T D T D

1 5 +ooo+ d + +o++o + +++++ + 000++ + +0+++ +

2 4 00000 + 00+00 + ++00+ + 00000 0 00+00 +

1 50 3 1 2 00000 0 00000 0 00000 0 00000 + 00000 0

4 1 2 00000 0 00000 + +0+00 + 00000 + 00000 +

5 18 00000 0 00000 0 00000 n.e.C 00000 0 00000 0

6 34 00000 0 00000 0 +++++ 0 00000 0 00+00 +

7 5 ++0++ + +++++ + +++++ + 00000 + +++++ +

8 4 000++ + ++++0 + +0+ +0 + 00+00 + 00++0 +

11 150 9 12 00000 0 0+00+ 0 +0++0 0 00000 0 0+000 +

10 12 000++ + 00++0 + +++++ + +++00 + 0+++0 +

1 1 18 00000 + + +00+ + +++++ n.e. 00000 0 +00+ + +

12 34 00000 + 0++++ + +++++ + 00000 + 0+++0 +

13 5 +++++ + +++++ + +++++ + ++++0 + +++++ +

14 4 +++++ + +++++ + +++++ + +++++ + +++++ +

III 500 15 12 +++++ + +++++ + +++++ + +++++ + +++++ +

16 12 0000+ 0 +0+00 + 0++++ + +0000 n.e. 0000+ +

17 18 +++++ + +++++ + +++++ n.e. +++++ + +++++ +

18 34 00000 0 00000 0 +++++ 0 00+00 0 +++++ 0

19 5 +++++ + +++++ + +++++ + ++n.e.+ + +++++ +

20 4 +++++ + +++++ + +++++ + +++++ + +++++ +

IV 1500 21 12 +++++ + +++++ + +++++ + +++++ + +++++ +

22 12 +++++ + +++++ + +++++ + +++++ n.e. +++++ +

23 18 +++++ + +++++ + +++++ n.e. +++++ + +++++ +

24 34 +++++ + +++++ + +++++ + +++o+ + +++++ +

a Trichinoscopy; 70 'oat-grain "-sized pieces of diaphragm per pig were examined by each laboratory.
b Digestion method; 20 g of diaphragm per pig was examined by each laboratory.
c n.e. = not examined.
d + = T. spiralis larvae present in the sample;
0 = T. spiralis larvae absent in the sample.

for the groups infected with 500 and 1 500 larvae a false-positive result was obtained by one labora-
were essentially similar. tory in two pre-infection serum samples. Table 5
Peak titres were found in the period from 8-16 summarizes the results obtained with the IF method.

weeks p.i., after which the titres generally dropped
until the end of the observation period (33 weeks). DISCUSSION
Remarkable differences between the titres were some-
times obtained in the various laboratories, the maxi- From the results obtained it might be concluded
mum difference being 8 dilutions. Furthermore, that none of the three diagnostic procedures em-
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Table 2. Proportions of positive findings by trichino-
scopy and the digestion method in pigs infected with
various numbers of T. spiralis larvae. Evaluation of the
data presented in Table 1

Group No. of No. of Trichinoscopy a Digestion method b
animals larvae (% +) C (% +) C

1 6 50 18.0 50.0

11 6 150 50.0 82.5

III 6 500 79.3 79.2

IV 6 1 500 99.3 100

a Examination of 14 pieces of diaphragm.
b Examination of 20 g diaphragm.
c Percentage of samples in which T. spiralis larvae were present.

ployed was sensitive enough to detect infections in
pigs that had been infected with a low number (50)
of T. spiralis larvae. In pigs infected with 150 larvae
both the digestion method and the immunofluor-
escence technique permitted detection of infection
with greater reliability. Trichinoscopy yielded reliable
results in animals infected with 500 and 1 500 larvae.
These results are in agreement with the observations
made by Ruitenberg et al. (1). The difference in
sensitivity between trichinoscopy and the digestion

Table 4. Proportions of positive findings by trichinos-
copy and the digestion method in pigs, 2 and 3 weeks
after infection with various numbers of T. spiralis larvae.
Evaluation of the data presented in Table 3

Trichinoscopy a Digestion method b
(% +)d(% +) d

Group Nlarvae autopsy (weeks p.i.) autopsy (weeks p.i.)

2 3 2 3

Ic 50 0 8 0 40

11 150 0 24 0 100

III 500 0 32 20 100

IV 1 500 0 76 0 100

a Examination of 14 pieces of diaphragm.
b Examination of 20 g diaphragm.
c There was 1 animal per post infection period in each group.
d Percentage of samples in which T. spiralis larvae were present.

method is essentially due to the difference in the
amount of material examined in both methods
(14 " oat-grain "-sized pieces of diaphragm and 20 g
of diaphragm respectively).
A major drawback of the immunofluorescence

technique is that false negative results may be
obtained in the early stages of the infection. Con-

Table 3. Results of experiment 2 on the detectability of infection by trichinoscopy and the digestion method in
pigs infected with various numbers of T. spiralis larvae and autopsied at 2 and 3 weeks p.i.

Laboratory
No. of Pig AutopsyGop larvae no. (weeks 1 2 3 4 5

Ta Db T D T D T D T D

1 50 25 2 00000 C 0 00000 0 00000 0 00000 0 00000 0

26 3 00000 0 00000 0 00000 +C 0++00 0 00000 +

11 150 27 2 00000 0 00000 0 00000 0 00000 0 00000 0

28 3 00000 + 00000 + 0+000 + 0++0+ + 0+0+0 +

III 500 29 2 00000 0 00000 0 00000 0 00000 0 00000 +

30 3 0+000 + +00+0 + 0++++ + 00000 + +0000 +

IV 1 500 31 2 00000 0 00000 0 00000 0 00000 0 00000 0

32 3 +++++ + 0000+ + +++++ + ++00+ + +++++ +

a Trichinoscopy; 70 'oat-grain --sized pieces of diaphragm per pig were examined by each laboratory.
b Digestion method; 20 g of diaphragm per pig was examined by each laboratory.
c + = T. spiralis larvae present in the sample;
0 T. spiralis larvae absent in the sample.
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Table 5. Results of experiment 1 on the detectability of infection by the immuno-
fluorescence method in pigs infected with various numbers of T. spiralis larvae

No. of larvae
Weeks p.i.

50 150 500 1 500

0 0/30 a (0) b 0/30 (0) 1/30 (3.3) 1/30 (3.3)

1 1/25 (4) 2/30 (6.6) 1/29 (3.4) 0/30 (0)

2 1/30 (3.3) 1/30 (3.3) 0/30 (0) 1/30 (3.3)

3 1/30 (3.3) 4/30 (13.2) 5/30 (16.5) 7/30 (23.1)

4 5/30 (16.5) 12/30 (39.6) 14/30 (46.2) 22/30 (72.6)

5 12/25 (48) 14/25 (56) 17/25 (68) 22/25 (88)

6 10/20 (50) 12/20 (60) 14/20 (70) 20/20 (100)

7 12/20 (60) 16/20 (80) 18/20 (90) 19/20 (95)

8 7/20 (35) 19/20 (95) 19/20 (95) 19/20 (95)

9 9/20 (45) 16/20 (80) 19/20 (95) 19/20 (95)

10 10/20 (50) 17/20 (85) 20/20 (100) 18/20 (90)

11 10/20 (50) 17/20 (85) 19/20 (95) 20/20 (100)

12 9/20 (45) 18/20 (90) 19/20 (95) 18/20 (90)

14 5/10 (50) 9/10 (90) 10/10 (100) 10/10 (100)

16 6/10 (60) 10/10 (100) 10/10 (100) 10/10 (100)

18 5/10 (50) 9/10 (90) 10/10 (100) 10/10 (100)

21 4/5 (80) 4/5 (80) 5/5 (100) 5/5 (100)

24 5/5 (100) 4/5 (80) 4/5 (80) 5/5 (100)

27 2/5 (40) 4/5 (80) 4/5 (80) 5/5 (100)

30 3/5 (60) 4/5 (80) 5/5 (100) 5/5 (100)

33 3/5 (60) 3/5 (60) 3/5 (60) 4/5 (80)

a Number of positive samples/Total number of samples.
b Percentage of positive samples.

sistent positive results with the IF method are only
obtained at 3-4 weeks p.i. (2). Therefore, the results
of experiment 2 are important, indicating that only
trichinoscopy and the digestion method may yield
positive results in the first 2-3 weeks p.i. It is evident
that the digestion method is also more reliable than
the others in detecting infections with low numbers
of T. spiralis larvae.

Generally speaking, the use of serologic, i.e., in-
direct, detection methods raises certain problems.
First, one should be aware of possible cross reactions.
Using the IF method Ruitenberg et al. (1), however,
observed no cross reactions against Ascaris lumbri-
coides var. suum, the commonest parasite in pigs.
Next, the subjective assessment of fluorescence may
give rise to discrepancies in the results. Certainly this

is the main reason for the differing results obtained
by the five laboratories. This is, however, no real
disadvantage, if it is realized that the titres found
by various investigators cannot directly be compared.
More important is the fact that on the basis of the
IF titres a similar pattern for the course of the
infection in each pig is obtained by all laboratories.
The IF technique might be useful for epidemi-

ological surveys. As it is possible to examine the
sera from pigs while they are kept at the farm, it is
even conceivable that veterinary inspection for T. spi-
ralis infections could be shifted from the slaughter-
house to the farm. This could mean a considerable
contribution to preventive inspection. On the other
hand, one should evaluate the advantages and dis-
advantages of the other two diagnostic procedures
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at present in use for trichinosis control. Trichino-
scopy offers the advantage that each pig is examined
individually and the result may be obtained shortly
after slaughter. It should be remembered, however,
that in low infections trichinoscopy is not as reliable
as the other two methods so that infections with a
small number of T. spiralis larvae may pass unnoticed.

The digestion method is the most sensitive method
available. A disadvantage is that the procedure is
rather time-consuming (20 hours under the conditions
described above). An important improvement of the
method is to examine material from pigs originating
from one farm, not as individual, but as pooled
samples (3, 4).

RESUMt

COMPARAISON, DANS CINQ LABORATOIRES D'EUROPE, DE TROIS METHODES POUR LA DETECTION
DES INFECTIONS PAR TRICHINELLA SPIRALIS CHEZ LES PORCS

Trois methodes utilisees pour le diagnostic de la tri-
chinose (trichinoscopie, digestion par la pepsine, immuno-
fluorescence) ont fait l'objet d'une etude comparative
dans des laboratoires de cinq pays de la Communaut6
6conomique europeenne (France, Italie, Luxembourg,
Pays-Bas, Republique federale d'Allemagne). On a
examine dans ce but du materiel provenant de 32 porcs
infectes respectivement par 50, 150, 500 ou 1 500 larves
de Trichinella spiralis.
Aucune des trois methodes n'a permis de deceler avec

une fiabilite suffisante l'infection chez les porcs parasites
par 50 larves. La methode par digestion et la technique
d'immunofluorescence ont donne des resultats plus surs
lorsque la dose infectante etait de 150 larves ou davan-

tage. La trichinoscopie s'est revelee particulierement
efficace dans les infections par 500 ou 1 500 larves. Les
premiers stades de l'infection ont 6t6 deceles a partir
de 3 semaines en utilisant la trichinoscopie et la methode
par digestion, cette demiere donnant les meilleurs r6sul-
tats, alors que par l'immunofluorescence des examens
positifs n'ont ete obtenus que dans les 4-6 semaines
suivant le repas infectant.

L'immunofluorescence est utilisable dans les enquetes
epidemiologiques. Pour le diagnostic de routine dans
les abattoirs, on peut recourir soit a la trichinoscopie
soit a la methode par digestion, cette derniere ayant
l'avantage d'etre plus sensible.
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