
810 NOTES

COMPARATIVE VALUES OF DIFFERENT STRAINS OF INFLUENZA VIRUS GROWN IN MEDIUM V AND VI

Medium V Medium VI

Strain Logio Logio LgoLgi o ogi
HA/ml TCLD,,/ml TCIDso/HA TCIDSo/ CF HA/ml TCIDso/m| TCIDsoLHAo TmCgD/N CTCIDso/mI Logio mg N TCDmmgTI /A CDO CF

PR8 512 8.30 5.59 9.19 32 2 048 9.50 6.19 10.37 32

FM1 256 7.50 5.10 8.40 32 256 9.15 6.74 10.04 32

PAR 128 7.31 5.21 8.20 32 256 9.15 6.74 10.02 32

Gilbert (LEP) 128 7.50 5.40 8.40 32 512 9.70 6.99 10.56 32

Crawley 128 - 7.31 5.21 8.20 8 256 - 9.15 6.74 10.01 ] 16

Results
The results obtained with antigenically represen-

tative strains of influenza virus using the modified
method and the medium V and VI are given in the
table. For these comparative studies, 80-ml cultures
were put up in 250-ml Pyrex bottles containing
glass wool, and the 72-hour cultures were titrated.
The methods used for the haemagglutination (HA),
complement-fixation (CF) and TCID50 titrations
were the same as those described previously.a Five
tubes per dilution were used for determining the
TCID5o of the cultures. The viruses studied were
(a) PR8, (b) FMI (type Al), (c) PAR (non-avid
A2), (d) Gilbert (avid A2) at low (3rd) egg passage
(LEP), and (e) Crawley (type B).

Comments
The HA and TCID5O per ml titres obtained with

medium VI are generally greater than those obtained

with medium V. The high TCID50/HA values
indicate that in each case complete virus is being
produced. The results are similar when the strains
are grown in 350-ml volumes.
The TCID50 per mg of nitrogen values show that

the culture viruses obtained with medium VI are
purer than those obtained with medium V and as
good as those purified by ultracentrifugation.
The culture using medium Vi is also found to be

more sensitive than that employing medium V for
purposes of titration of different strains of virus
and their antibodies.
The pure virus obtained by this method should

prove useful for purposes of live virus immunization
against influenza.

* *

I am greatly indebted to Dr S. Natarajan and Mr N.
Radhakrishnan for their assistance and to the Govern-
ment of India for financial support.

Intradermal and Fluorescent Antibody Tests on Humans Exposed to
Schistosoma bovis Cercariae from Sardinia
by E. H. SADUN, Department of Medical Zoology, Walter Reed Army Institute of Research, Washington,
D.C., USA, and E. BIOCCA, Institute of Parasitology, University of Rome, Italy

Simple, economical and reliable tests are required
in order to establish the prevalence of schistosomiasis
in large population groups. Intradermal tests are
available and have been used with varying degrees of

success in many of the world's endemic areas (Kagan,
1958; Pellegrino, 1958; Sadun et al., 1958; Hunter et
al., 1958; el Azzawi & Klimt, 1958; Manson-Bahr,
1958; Hsu, 1959; Sadun et al., 1959; Pellegrino,
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COMPARISON OF DIAGNOSTIC TESTS FOR SCHISTOSOMA BOVIS CERCARIAE

Brener & Memoria, 1959; Pellegrino, Rezende et al.,
1959; Anderson & Naimark, 1960; Kagan et al.,
1961; Jachowski & Anderson, 1961).
Recently, a fluorescent antibody test with pre-

served cercariae using dried blood smears on filter
paper has been developed (Sadun et al., 1960, 1961;
Anderson et al., 1961). This new test, which provides
the desired degree of specificity and sensitivity, per-
mits the rapid collection of specimens in endemic
areas by relatively untrained personnel. The speci-
mens on filter paper can easily be mailed to central
laboratories where the tests can be performed by
adequately trained personnel. Although wide cross-
reactions among the species of human schistosomes
were observed with both these tests, little or no
information is available as to their ability to react
positively in humans exposed to mammalian
schistosomes.

Materials and methods
Selection of the sample. A total of 71 persons

(46 infected and 25 controls) was selected for this
study. The persons with incontrovertible evidence
of cercarial dermatitis were chosen in the principal
endemic areas of Sardinia, after detailed interviews
with the patients and their physicians. They all lived
and worked around Rio Vignola (Gallura), Paludi
San Teodoro (Baronia) and Rio Cedrino (Barbagia).
This sample also included three persons who lived
in non-endemic areas and had been infected experi-
mentally with large doses of Schistosoma bovis cer-
cariae (Sanfelice & Loi, 1897). In each area samples
of Bulinus truncatus, the intermediate host of S.
bovis (Le Roux & Biocca, 1951), were collected to
confirm the presence of S. bovis transmission.
Twenty-five Italians who had never been in endemic
areas of S. bovis and who had no history of cercarial
dermatitis were selected as controls. Of these, 13
were suffering from various allergic manifestations
(urticaria, eczema, asthma) and 12 were healthy
with no history of hypersensitivity.

Antigens. Antigens used for intradermal tests were
prepared from adult S. mansoni obtained from
experimentally infected animals. Four antigens were
used: an acid-soluble protein fraction (SM) pre-
pared at the Walter Reed Army Institute of Re-
search, Washington, D.C., following the method
described by Melcher (1943) for the preparation of
the acid-soluble Trichina antigens and adapted for
schistosomes by Sadun et al. (1959); an anhydrous
ether extraction (SCh) prepared in the same labora-

tory, according to the technique described by
Horstmann et al., (1954); a saline extract of worms
in a modified Coca's solution (SK) prepared at the
Communicable Disease Center, Atlanta, Ga.; and
another saline extract of lyophilized worms (SP)
prepared at the Instituto Nacional de Endemias
Rurais, Belo Horizonte, Brazil. All antigens were
adjusted to 0.03 mg of nitrogen per ml. Buffered
saline containing thiomersal in a concentration of
1: 10 000 was used as control (BSM). The nitrogen
content of antigens was determined by the Koch-
McKeekin micro-Kjeldahl method.

All five intradermal inoculations were performed
on the volar surface of the right fore-arm of each
patient. The order in which the antigens were
introduced and their relative position varied from
individual to individual to minimize possible bias
produced by differences in reactivity in different
areas of the forearm. After the site on the skin had
been swabbed with alcohol, exactly 0.05 ml of the
antigen was injected intradermally. The edge of the
induration was carefully outlined with a ball-point
pen 15 minutes afterwards and transferred to a paper
as described previously (Sadun et al., 1959). After
the tests had been completed, the area of the wheals
was measured with a template (Pellegrino, Brener &
Memoria, 1959; Pellegrino, Rezende et al., 1959).
Two methods were used in defining the positivity of
reaction. By the first method (Standard A) a reaction
was read as positive when a wheal area of 1 cm2 or
greater was produced and negative when the area
was 0.9 cm2 or less (Kagan et al., 1961). By the other
method (Standard B) the reaction was read as
positive when the area of the antigenic wheal was
at least twice that of the control wheal if 70 mm2 or
more, or at least three times that of the control
wheal if less than 70 mm2 (Sadun et al., 1959). All
the patients were examined for the presence of
delayed reactions 24 hours after introduction of the
antigens.

Fluorescent antibody tests. Minute amounts of
finger blood from normal and infected individuals
were placed on a previously calibrated 4-mm2 area
of high-grade filter paper and after drying were
mailed to the Walter Reed Army Institute of Re-
search in Washington, D.C. There, the dried blood
was placed in appropriately labelled flexible tubes,
0.1 ml of phosphate buffered saline was added and
the fluid was collected into a test-tube with strict
adherence to the technique described by Sadun et al.
(1961) and Anderson et al. (1961). Cercariae of
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S. mansoni preserved in 10% formol and rhodamine
bovine albumin were used in the fluorescent antibody
test. The fluorescent antibody technique was per-
formed essentially as previously described (Sadun et
al., 1960) except that sedimentation of the cercariae
at room temperature for 10 minutes was used in the
washing procedures.

Differential counts. Blood smears on slides were
made at the time of collection of minute amounts of
blood for the fluorescent antibody test. The smears
were dried and, after staining, 100 white cells were
counted for the differential leucocytic determina-
tions.

Results
Intradermal tests. As indicated in Table 1, a

significant percentage of persons exposed to S. bovis
cercariae gave positive intradermal reactions to
S. mansoni antigens. This was less noticeably so
when SCh was used as antigen. Conversely, no clear-
cut positive reactions were observed among the
25 persons who had never been exposed to human or
mammalian schistosomes. No consistent pattern
of reactivity was observed in relation to the history
of last exposure to cercariae. Since the number of
persons tested is small, the positivity rate was worked
out for all the age-groups and both the sexes com-
bined. Many reactions were positive when judged by
one standard and negative by the other. When
standard A was used as a criterion for positivity,
some doubtful reactions were observed among
uninfected controls.
The average size of skin reaction to each of the

antigens by age- and sex-groups is shown in Table 2.
Since complete information was available on only

TABLE I

POSITIVITY RATES TO VARIOUS INTRADERMAL
ANTIGENS

Positivity rate
Antigen

Standard A Standard B

BSM 5% (2/39) - -

SM 21% (8/39) 33% (13/39)
SCh 3% (1/39) 18% (7/39)
SK 15% (6/39) 33% (13/39)
SP 32% (10/31) 42% (13/31)

TABLE 2
SIZE OF SKIN REACTIONS TO VARIOUS ANTIGENS BY

AGE AND SEX

I Skin reaction (mm") to antigen
Sex Age No. of shownex(years) persons

BSM SM I SCh SK SP

Male .:20 20 36.2 74.8 52.0 - 68.8 95.8

Female 9-14 5 21.0 34.0 34.0 32.0 48.0

15-19 10 59.0 57.0 45.0 61.5 63.5

.20 4 35.0 72.5 28.8 58.8 78.8

39 persons exposed to the infection and on 15 con-
trols, only a few samples are available among the
females in the age-groups 9-14 years and 20 years or
over. Both SP and SM antigens gave significantly
larger reactions than SCh antigens at a 5 % pro-
bability level. All the other differences are not
statistically significant. Table 2 also indicates that
dermal sensitivity was greater in male than in female
adults. The reaction appeared also to be greater in
female adults than in female children. However,
these differences are not statistically significant.

Serological tests. The fluorescent antibody test
performed with preserved cercariae on fluid extracted
from dried blood smears on filter paper was done on
34 infected persons (13 allergics never exposed to
cercariae and 12 unexposed healthy individuals).
Positive reactions were observed in 28 of the 34
persons exposed to S. bovis cercariae with a positivity
rate of 82 %. Conversely, none of the unexposed
allergics and unexposed healthy individuals gave
positive reactions. Among the exposed persons, the
six who gave negative results to serological tests were
all negative to any of the intradermal tests, according
to standard A. These were four children under
15 years of age and two adults who had not been
exposed to S. bovis for at least two years. The
positivity rate to intradermal tests, worked out
separately for serologically positive and negative
persons, is summarized in Table 3.

Haematological studies. The mean percentage of
eosinophils was 2.23 in the persons exposed to
S. bovis, 2.17 in the healthy controls and 3.31 in the
unexposed allergics. These differences are not
statistically significant. Also, no significant differ-
ences in the presence of other blood cellular com-
ponents was observed in the various groups.
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TABLE 3
RELATIONSHIP BETWEEN FLUORESCENT ANTIBODY (FA)

TEST AND INTRADERMAL (ID) TEST

Positivity rate (Standard A) to antigen shown
FA test In ID test

SM SCh SK SP

Positive 29% (8/28) 4% (1/28) 21% (6/28) 40% (10/25)

Negative 0 (0/6) 0 (016) 0 (0/6) 0 (0/4)

Discussion

The results of this study have furnished data which
may enable us to answer some of the problems
mentioned in the introductory paragraphs. Unques-
tionably, infection with cercariae from S. bovis in
some individuals produced a dermal sensitivity to
S. mansoni antigens. This is in agreement with
observations made by Pellegrino (personal com-

munication, 1961) that S. bovis antigen from Sardinia
produced positive dermal reactions in persons
infected with S. mansoni in Brazil.

Attention should be called to the fact that this
study was conducted at the beginning of the trans-
mission season (Deiana, 1953) and that all but a few
of the persons tested had not been exposed to S. bovis
cercariae for at least nine months. Recurring
cercarial dermatitis in Sardinia is primarily an
occupational disease of malaria control workers who
sample waters for collecting Anopheles larvae, of
freshwater fishermen, and of women who wash
their laundry in the infested waters (Biocca, 1960).
Since malaria has been successfully controlled in
Sardinia, a large portion of our sample had not been
exposed to infection since 1957 or 1958.
Both SP and SM antigens gave significantly larger

reactions than SCh antigen. The suggestion that
cutaneous reactions are stronger in adults than
children is in agreement with previous observations
obtained using homologous antigens (Mayer &
Pifano, 1946). Martins (1949) also reported that men
gave a greater response to intradermal tests than
women.

Delayed reactions, consisting of erythematous
indurated swellings at the sites of antigen inocula-
tions, were frequently observed among infected
individuals and, often, in people who had given
negative immediate reactions. Although only the
immediate reaction is regarded as of diagnostic
value, this phenomenon should be investigated

further for a better understanding of the mechanisms
involved in the reaction to schistosome antigens.
Most of the people exposed to S. bovis cercariae

developed fluorescent antibodies to S. mansoni
cercariae. It might be of interest to note that the
only persons who gave a negative reaction to the
fluorescent antibody test were young children who
were possibly exposed only occasionally, or adults
who had not been exposed to the infection during
the previous two years. This finding could be
attributed to the fact that, since this is probably an
infection of short duration in man, circulating
antibody levels may not be detectable some time
after exposure.
The extensive degree of cross-reactions obtained

with S. mansoni antigens in individuals exposed to
S. bovis infections raises a series of important
problems. From a diagnostic standpoint, this cross-
reactivity may represent a serious problem in those
areas in Africa and Asia where S. bovis occurs con-
comitantly with the human schistosomes, and would
tend to reduce considerably the value of immuno-
diagnostic techniques as epidemiological tools in
those vast regions. However, it must be pointed out
that severe dermatitis due to this parasite has been
reported only in Sardinia (Bertolini, 1908; Carta,
1954; Carta & Deiana, 1954; Deiana, 1953). This
dermatitis, which usually lasts for a couple of weeks,
is frequently accompanied by malaise and fever, and
in some rare cases may even require hospitalization
(Biocca, 1960). It is possible, therefore, that the
Sardinian strain of S. bovis is highly invasive and that
extensive cross-reactions with human schistosomes
may not occur in other areas. This fact could easily
be ascertained by a detailed comparative study
involving biological, morphological and serological
comparisons between S. bovis in Sardinia, Corsica,
and other Mediterranean areas.
From an immunological standpoint the observed

cross-reactivity between the Sardinian S. bovis and
S. mansoni might indicate possible degrees of cross-
immunity which should be investigated thoroughly.

** *

The authors are deeply indebted to Professors Arturo
Carta and Salvatore Deiana, School of Veterinary
Medicine, University of Sassari; Dr Piero Pinna, Public
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for providing the antigens SK and SP, respectively. In
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