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Abstract: Anthropometric measurements and measurements of sweating rcaction
during exercise were made on 11 young male highlanders in Beha Village at altitude
between 1,500 meters and 1,800 meters above sea level in Papua New Guinea in August
and 11 young male Japanese in Nishinomiya City in September. Measurements of local
sweat rate and sodium concentration in local sweat during pedalling a bicycle ergometer
at a constant work load of 450 Kg.m/min for 20 min. under a thermoneutral condition
were made. New Guineans were significantly shorter in height, slightly lighter in body
weight and had a lesser amount of body fat than Japanese. New Guineans showed signifi-
cantly greater mean values of Rohrer’s index and Brugsch’s index than Japanese. Skinfold
thickness for New Guineans was significantly thinner than that for Japanese. Physically
New Guineans were more muscular and athletic when compared with Japanese. New
Guineans showed considerably lower local sweat rate and significantly lower Na concen-
tration in local sweat than Japanese. Differences in anthropometric characteristics and
sweating reactions between New Guineans and Japanese might reflect more advanced
acclimatization to hot environments in New Guineans when compared with Japanese.

INTRODUCTION

It is known that body fat content, body composition, and body shape change
according to climate in which individuals live, nutritional conditions as well as
physical activities (Coon, Garn and Birdsell, 1950; Brozek, 1952; Keys and Brozek,
1953; Lewis et al., 1960). The subcutaneous layer of fat keeps heat content from
heat dissipation due to low thermal conductance of fat (Burton and Bazett, 1936)
when net heat is transferred from the body into the environment. The decrease in
the subcutaneous fat layer produces such a change in body shape that the ratio of
body surface area to body weight is increased. Since heat dissipation from the body
is proportional to body weight, a greater body surface area to body weight is favora-
ble for heat dissipation from body to the environment. Thus, it is assumed that body
composition and body shape are important factors in temperature regulation (Hori
et al., 1977). Evaporation of water from the skin surface is the main mechanism of
heat dissipation in a hot environment. It is well known that sweating reaction of
humans changes adaptively under the influence of climate and the degree of physical
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activities (Dill et al., 1938; Adolph, 1946; Hori, 1977). The Eastern Highlands of
Papua New Guinea at about 1,600 m above sea level, located in a tropical zone, have
hot middays and cool nights throughout the year, while Japan, located in a temperate
zone, has not summers and cold winters. Highlanders in Papua New Guinea have
a high carbohydrate diet (Hipsley and Clements, 1950) and perform hard muscular
exercise such as ascending steep slopes in their daily lives when compared with
Japanese (Hori ¢t al., 1980). Thus, it is of interest to compare body composition,
body shape and sweating reaction of highlanders in Papua New Guinea with those
of Japanese. In the present study, an attempt has been made to investigate differ-
ences in physical characteristics and sweating reaction between young male high-
landers of Papua New Guinea and young male Japanese and to discuss the differences
from the viewpoint of physiology of climatic acclimatization of humans.

MATERIALS AND METHODS

Eleven young male highlanders of Papua New Guinea and 11 young male
Japanese were selected as the subjects in the present study. The study on the New
Guineans was made in August 1978 in Beha Village at altitudes between 1,500
meters and 1,800 meters above sea level in the Eastern Highlands of Papua New
Guinea, tropical zone (Fig. 1) and that on the Japanese was made in September in
Nishinomiya City at sea level in Japan, temperate zone. Anthropometric measure-
ments and measurement of sweating reaction during bicycle ergometer exercise were
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Fig. 1 Situation of Beha village. -
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made. The skinfold thickness was measured on the right side of the body with a
caliper 2 sec. after a pressure of 10 g/mm? of the caliper jaw surface was applied to
the skinfold. The skinfold sites measured and weighing factors used for calculating
mean skinfold thickness are as follows (Hori et al., 1974):

Chest Abdomen Waist Subscapular Upper arm Thigh

0.143 0.139 0.139 0.143 0.141 0.295
The body fat (f 9%) was calculated from the mean skinfold thickness (X mm), body
weight (W Kg) and body surface area (S m?) using the following prediction equation
(Hori et al., 1974).

SxX

f=28.9 % W

+3.67

The bicycle ergometer test was performed at around 3 p.m. in a rocom of about 25°C.
Subjects were instructed not to eat a meal and rest at least two hours prior to the
experiment in order to minimize effects of specific dynamic action and physical
activities. After sitting in a chair for 30 min. subjects clad in shorts rested on the
saddle of a Monark bicycle ergometer for 10 min. and then pedalled at the constant
work load of 450 Kg'm/min at the cycling rate of 50 rpm for 20 min. Samples of
perspiration from the back were collected at 10 min. interval during exercise using
the filter paper method (Ohara, 1966). The Na concentration in the sweat was
determined by using eluates with distilled water from the filter papers by flame
photometry.

ReEesvuLts

1. Anthropometric measurements

The physical characteristics of New Guineans and Japanese are shown in Table
1. The mean value of height for New Guineans (157.1 cm) was significantly smaller
than that for Japanese (169.5 cm). The mean value of body weight for New Guineans
(59.2 Kg) was slightly smaller than that for Japanese. New Guineans showed
greater mean value of chest girth and smaller mean values of upper arm girth and

Table 1 Characteristics of subjects

Number AB¢  Height Weight B.S.A. Circumference (cm)
3
(yr) (cm) (Kg) (m?) Chest Upper arm Thigh
New 11 255 157.1 59.2 1.63 88.0 26.4 49.6
Guineans +3.9 +6.7%* 158 +0.09  +33 +1.9 +2.8%
nes 11 236 169.5 62.4 1.74 86.5 27.1 52.1
Japanese 414  +£52  £70  +0.14 £41 412 421

B.S.A.: Body surface area.
Mean values are given with their standard deviations.

* Significant differences between two groups.
* at 59, level ** at 19 level.
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thigh girth. Among these differences, the mean of thigh girth for New Guineans
was significantly smaller than that for Japanese. The physical status of New
Guineans was characterized by short stature and a stocky body shape.

2. Skinfold thickness

The mean values and their standard deviations of regional skinfold thickness
were shown in Table 2. All the mean values of regional skinfold thickness measured
for New Guineans were significantly smaller than those for Japanese. New Guineans
showed much less individual variations in skinfold thickness.

Table 2 Skinfold thickness of subjects

Chest Abdomen Waist  Subscapular Upper arm Thigh

New Guineans 5.14+0.7* 6.0+1.0%* 6.041.5%% 8.14+1.2% 3.940.7** 584 1.2%*
Japanese 10.64+-6.2 15.1+8.0 13.64-7.3 12.6 £5.1 8.61+4.3 11.24+4.9

Mean values are given with their standard deviations.
* Significant differences between two groups.
* at 29, level ** at 19, level.

3. Physical and nutritional indices

The physical and nutritional indices for New Guineans and Japanese are shown
in Table 3. New Guineans showed significantly greater mean values of Rohrer’s
index and Brugsch’s index. Greater values of Rohrer’s index and Brugsch’s index
for New Guineans reflect their more stocky body shape compared with Japanese.
The mean values of body fat content (4.92 Kg) and body fat percentage (8.319%,) for
New Guineans were significantly smaller than those (8.24 Kg and 13.29, respec-
tively) for Japanese. The mean value of mean skinfold thickness for New Guineans
(5.8 mm) was significantly smaller than that for Japanese (11.8 mm). Thus it can
be said that the body shape and body composition of New Guineans are an athletic

type.

Table 3 Physical and nutritional indices

Brugsch’s Body fat M.S.T.

Rohrer’s ind
ohrer’s index index (Kg) %) (mm)

New Guineans 152.84-13.3*%*%  56.14+2.3*  4,924-0.58% 8.3110.48%* 5840.8*%
Japanese 128.2+14.8 51.04+-3.8 8.24+3.01 13.2+3.4 11.84-5.4

M.S.T.: Mean skinfold thickness.

Mean values are given with their standard deviations.
* Significant differences between two groups.

* at 19, level ** at 0.19, level.

4. Local sweat rate and sodium concentration in sweat

In Table 4, the peak local sweat rate, peak Na concentration in local sweat and
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Table 4 Comparison of peak local sweat rate, peak Na concentration in local
sweat and mean Na concentration in local sweat between young male
highlanders of Papua Newguinea and young male Japanese

Vp (mg/cm?/min) Cp (mEq/L) C (mEq/L)
New Guineans 0.644+0.292 26.94-14.0% 24.1+13.5%
Japanese 0.72140.337 43.6+11.6 40.14+11.3

Vp: Peak sweat rate, Cp: Peak Na concentration,

C: Mean Na concentration.

Mean values are given with their standard deviations.

* Significant difference between two groups at 5% level.

mean Na concentration in local sweat for New Guineans are compared with those
for Japanese. New Guineans showed considerably smaller mean value of peak local
sweat rate (0.644 mg/cm?/min) than Japanese (0.721 mg/cm?/min) though this
difference was not statistically significant. The mean values of peak Na concen-
tration in local sweat (26.9 mEq/L) and mean Na concentration in local sweat
(24.1 mEq/L) for New Guineans were significantly smaller than those for Japanese
(43.6 mEq/L and 40.1 mEq/L respectively). Sweating reaction of New Guineans
was characterized by lower sweat rate and lower Na concentration in sweat com-
pared with that of Japanese.

Discussion

It has generally been believed that nutritional conditions, physical activities
and climate affect physical status of men (Hipsley and Clements, 1950; Coon ¢t al.,
1950; Lewis et al., 1960). The growth of children is retarded by low caloric intake
and low protein intake. Since most of the energy and protein in the diet for high-
landers in Papua New Guinea comes from the sweet potato, the intake of energy
always seems low and intake of protein, especially animal protein, is low when com-
pared with Japanese (Hipsley and Clements, 1950; Norgan et al., 1974; Hori et al.,
1980). As was pointed out by Coon et al., (1950), tropical natives tend to have
smaller stature as a result of long-term exposure to a hot climate than temperate
natives. Thus, it can be said that the shorter stature of New Guineans is due in
part to their smaller intake of energy and protein and due in part to their long resi-
dence in a tropical climate. It is known that a rise in ambient temperature results
in a decrease in the energy intake, and a decrease of body fat content is caused by low
energy intake and hard muscular exercise (Pascale ef al., 1955; Parizkova, 1959).
Consequently, the thinner subcutaneous fat layer and less body fat content for New
Guineans might be induced by the lower energy intake due to higher ambient tem-
perature and walking long distances and ascending steep slopes often loaded with
heavy baggage in their daily lives. Since a thicker deposit of subcutaneous fat
prevents heat dissipation from body into the environment when ambient temperature
is lower than skin temperature, a thinner layer of subcutaneous fat is favorable for
temperature regulation of the body in hot climates. In an attempt to estimate
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changes in body composition and body shape as induced by different climates, we
plotted body weight and body fat content against height in Fig. 2. In this figure,
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Fig. 2 Comparison of height, lean body mass and fat content among New Guineans. Thai and
Japanese.

anthropometric data on 119 young male Japanese were used as a reference (Hori
et al., 1977) and those on residents in Okinawa (a subtropical zone in Japan) and
Japanese athletes (volleyball players and basketball players) were used for the sake
of comparison (Hori et al., 1974; Tanaka et al., 1977). Mean values of height, lean
body mass and body fat content in the reference group were 171.0 cm, 55.3 Kg and
9.1 Kg respectively. Standard lean body mass (L Kg) and standard body fat content
(F Kg) were obtained from height (H cm) by using the following prediction

equations:
L=0.992H—-102.4 and F=0.150 H—16.67.

In this figure, the degree of overweight of lean body mass or underweight of lean
body mass (fatness or leanness) is expressed as a percentage deviation of the actual
lean body mass (body fat content) from the standard lean body mass (body fat

6,92

content), “r”’. As shown in thss figure, New Guineans were shorter in height and

heavier in lean body mass than Japanese; natives in Thai and Okinawa had less body
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fat content, while Japanese athletes were taller, heavier, and had less body fat content.
When these groups were compared with a reference group with relative values
as different from standard lean body mass and standard body fat content, New
Guineans showed heavier lean body mass and smaller body fat content, while natives
of Thai and Okinawa and Japanese athletes showed smaller body fat content. Thus,
plotting of lean body mass and body fat content against height is a feasible method of
estimating changes in physique, body composition and body shape as induced by
different climates in which individuals live. It is known that sweating reaction
changes with acclimatization to heat (Adolph, 1946; Dill et al., 1938). The
inhabitants acclimatized to hot environments from childhood sweat less in spite of the
same rise in core temperature in heat, and Na concentration in their sweat is lower
when compared with individuals unacclimatized to heat (Kuno, 1956; Hori et al.,
1976). The results presented in Table 4 that show New Guineans had less local
sweat rate and lower Na concentration in sweat are consistent with the reports
described above. The amount of evaporation of sweat is in proportion to sweat rate
when sweat rate is low, but an increase in sweat rate represents wasted sweat which
is not used for heat dissipation after the skin surface becomes a completely wetted
area. The amount of evaporation of sweat from skin surface is in proportion to the
vapor pressure difference between sweat and surrounding air when the wetted area
is the same and this vapor pressure difference is increased by a decrease in Na
concentration of sweat (Hori et al., 1976). Thus, the evaporation of sweat for New
Guineans appears to be more effective for cooling the body than that for Japanese.
Since evaporation of sweat from the skin surface is the mechanism of heat dissipation
for man in hot environments, better efficiency of sweating of New Guineans for heat
dissipation can be considered as an important form of physiological adaptation to
tropical climate.
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Abstract: To know the mechanism of protection from the homologous Trypanosoma
gambiense infections in mice, the incidence of passive transfer of specific resistance to chal-
lenges with the parasites was examined in mice inoculated with immune spleen cells and
immune sera separated on days 3 to 21 (day 0=immunization with microsomal fraction,
144,000 x g sediment of T. gambicnse homogenate, in complete Freund’s adjuvant).

Passive transfer of specific resistance was successful only when immune spleen cells
separated on days 3 and 5 were employed and the resistance was extinguished by treating
the recipients with dextran sulfate 500 (2 mg/mouse), a macrophage-dysfunctional agent.

In case of immune sera, a powerful resistance to the infection was inducible by trans-
ferring immune serum separated on study day 7. About one-third of respective mice
transferred immune sera separated on days 5, 14, and 21 were able to conquer the infection
with 3 x 103 parasites but none of the mice transferred immune serum separated on day 3
overcame the challenge.

INTRODUCTION

Protective immunity has been successfully induced in animals immunized with
homogenate antigen of trypanosomes (Weitz, 1960; Seed, 1963 ; Miller, 1965; Furuya,
1977; Osaki and Furuya, 1978) but the defensive mechanism has been discussed
mainly on humoral immunity (Seed and Gam, 1966; Takayanagi and Enriquez,
1973; Seed, 1977).

In our serial immunological study in mice (Furuya, 1977; Osaki and Furuya,
1978), animals received homogenate or microsomal antigen of Trypanosoma gambiense
together with adjuvant were able to overcome challenges with the homologous
parasites given on and after day 3 of immunization irrespective of the agglutination
antibody titer of their sera. This might suggest that factors other than humoral
ones are also involved in the elimination of the parasites in these animals. This
report aims to define the cellular and humoral factors controlling the protection
from T. gambiense infections in mice by transferring immune spleen cells and immune
sera in combination with dextran sulfate 500, a macrophage-dysfunctional agent

(DS 500).

Department of Parasitology, School of Medicine, The University of Tokushima, Tokushima, JAPAN



MATERIALS AND METHODS

Animal and antigen: Forty to sixty days old female ddY mice and 7. gambiense, strain
Wellcome, obtained from the Department of Protozoology and Parasitology, Research
Institute for Microbial Diseases, Osaka University and maintained for years in our
laboratory by serial passages in mice, were used for the experiment.

Microsomal fraction was prepared from the homogenate of the parasites isolated

from the blood of heavily infected mice following Lanham and Godfrey’s method
(1970) by differential centrifugation (Furuya, 1977), and used as antigen.
Transfer of immune spleen cells and immune sera: Antigens were administered intra-
peritoneally at a dose level of 2 mg protein per mouse with an equal volume of
Freund’s complete adjuvant. Immune spleen cells and immune sera were taken
from donor mice on study days 3, 5, 7, 14, and 21 (day 0=immunization).

Spleens removed from the donors were washed in cold RPMI 1640 medium,
pH 7.2 containing 25 mM HEPES and 0.029, 2Na-EDTA, and the tissues were
minced into small pieces and pressed gently between two pieces of glasses to give
single cell suspensions. The spleen cells were filtered through cotton wool to remove
large clots before they were washed twice with the above cold medium by centrifuging
at 170 x g for 10 min and adjusted to a final concentration of 1 x 108 cells/m/ with the
same medium. Immediately after transferring 0.5 or 1 m/ of the suspension intra-
peritoneally, recipient mice were challenged with 50 parasites by the same route.

A part of the recipients transferred spleen cells taken from the donor mice on
day 3 were treated with DS 500 (2 mg/head) intraperitoneally just before challenges.

Normal or immune serum (0.25 ml) was injected into the recipient mice intra-
peritoneally 5 hours after challenges with 3 x 103 parasites by the same route.

REesuLTs

All of the untreated and those mice transferred normal spleen cells died 4 to
6 days after challenges with 50 parasites. The recipients transferred immune
spleen cells separated from the donors on days 3 and 5 offered a strong resistance to
the challenge. Per cent survival and mean survival days of the dead mice in the
recipients transferred immune spleen cells separated on day 3 were 72.2 and 8.8 4-0.6,
respectively. The specific resistance to the infection was lowered in mice transferred
spleen cells separated on day 5. Neither protection nor longevity was induced into
mice by transferring 5 107 or 1 X 108 immune spleen cells separated on days 7, 14,
and 21 (Table 1).

All of the mice transferred normal mouse sera died 4 to 6 days after infections
but those transferred immune sera separated on day 3 died 6 to 8 days after infections
and mean survival days of the dead mice were extended to 7.240.2. A mighty
resistance to the infection was inducible in mice by transferring immune sera sepa-
rated on day 7. About one-third of respective mice transferred immune sera sepa-
rated on days 5, 14, and 21 conquered the infection and mean survival days of the
dead mice were also extended to about 10 days (Table 1).
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Table 1 Resistance to challenges with Trypanosoma gambiense in mice transferred immune
spleen cells and immune sera

immune spleen cells
immune sera

immuni- 5x 107 cells/mouse 1 x 108 cells/mouse
zation term’

ofdonor — percent  yrgpy e Percent nsopg oo antibody  percent o ngpyop

mice in days survival in the dead survival in the dead titer of survival in the dead
recipient mice recipient i ca donor recipient ¢ dea
mice g mice 1ce mice mice fuce

3 72.2 (13/18) 8.84-0.6 — original ~ 0 (0/9) 7.24-0.2

5 11.8 { 2/17) 6.24£0.6 80.0 (4/5) 5.0+0 1:8 27.3(3/11). 10.1+0.8

7 0 (0/7) 4040 0 (0/5) 5.04+0.3 1: 16 90.0 (9/10) 9.0+0

14 0 (0/7) 46403 0 (0/5 4.640.4 original 30.0 (3/10) 7.041.8

21 0 (07 42402 0 (0/5) 5.040 1: 8  40.0 (4/10) 9.5+1.5

MSDs: mean survival days (mean4S. E.)

— : not examined

Agglutination antibody titer was measured with pooled serum.

Recipient mice transferred immune spleen cells and immune sera were challenged with 50 and
3 x 108 parasites, respectively.

mice
£;

6.8%0.8 '
5 0 20

10 5 240, days after challenge

3
4.5£0
(B) ©) 5-. . (D) 6‘
5 7 5

5

Fig. 1 Effect of treatment with. dextran sulfate 500 on resistance
to challenges with Trypanosoma gambiense in mice transferred
immune spleen cells (A): transfer of immune spleen cells,
(B): transfer of immune spleen cells and treatment with
dextran sulfate 500, (C): treatment with dextran sulfate
500 alone, (D): nontreatment, [__]: survival, [l
death

To inflict injuries on phagocytes in the immune spleen cells and in the recipients,
mice were injected DS 500 intraperitoneally immediately after transfer of immune
spleen cells separated on day 3 and were challenged with the parasites uninter-
ruptedly. The passive resistance induced in mice by immune spleen cells was cut
off completely by treating the mice with DS 500 (Fig. 1).

DiscussioN

All of the mice immunized with microsomal antigen in adjuvant were able to
overcome the challenges given on day 3 or 14 but agglutination antibody titers in
their immune sera were strikingly low (Furuya, 1977; Osaki and Furuya, 1978).
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To analyze the mechanism of defense against infections with the parasites, the
resistance to infections was examined in mice transferred immune spleen cells and
immune sera.

Passive transfer of specific resistance was accomplished by the use of immune
spleen cells separated on days 3 and 5 of immunization. Campbell and Phillips
(1976) reported that specific resistance to 7. rhodesiense was transferable to the
recipients by immune sera or B lymphocytes.

Moreover, Takayanagi and Nakatake (1975) reported that glass-adherent,
antibody-forming cell population among immune mouse spleen cells was effective in
preventing experimental infections with 7. gambiense in recipient mice. In the
present study, the spleen cell suspension contains different sorts of cells such as mono-
nuclear and polymorphonuclear phagocytes, T- and B-lymphocytes, plasma cells
and others. If any one of B lymphocytes, plasma cells and antibodies produced in
recipients by these two kinds of cells is to be involved in the sweeping away of the
parasites, mice transferred immune spleen cells taken from different study days, 7
to 21, should have overcome the challenges. But, neither protection nor longevity
was observed in those mice.

Hahn (1974) and Hahn and Bierther (1974) reported the selective damage by
DS 500 to mononuclear phagocytes. In the present experiment, recipient mice
treated with DS 500 immediately after transfer of immune spleen cells were not able
to evade the challenges with the parasites. From this, macrophages are likely to
play a key role in the removal of parasites in the recipient mice. The reason why
specific resistance was transferred by spleen cells within only 5 days after immuni-
zation might be that, in the early stage of immunization, the donor’s spleen was filled
with macrophages seemingly being participated in the transmission of antigenic
informations to lymphocytes. These macrophages were probably activated by a
certain stimulation because normal macrophages do not phagocytize trypanosomes
in the absence of specific antibodies. But whether these macrophages have already
been activated by phagocytizing the antigens in the donors and this status has been
maintained in the recipient mice or these macrophages were activated by lym-
phokines produced by donor’s T lymphocytes in the recipients is not known.
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Table 1 Case History (Y.I. male, 21 age)

Snbjective symptoms: Remittent fever, Head-
ache and muscle pain on lower limbs

Past history: none

Family history: none _

Present history: Patient has experienced a trip
collecting butterflies in Parawan Island, Philip-
pines, during 5th through 24th of March, 1980.
On 28th, March, fatigue in the morning and
high fever attack with chilling sensation up to
40.3°C of body temperature, on 29th, March,
body temperature down with perspiration in the
morning and up again to 40°C with chilling
sensation. At night of 29th, 10 pm, patient was
admitted in the Dokkyo University Hospital

Present status: Anemic face with slight jaundice,

Puls rate 84/minute, normal blood pressure

(115/75), body temperature 39.3°C, no lym-

phnode swelling, liver enlarging palpable as

two fingers wide with pain, no spleen palpable

and no neurological symptom.

BRRE

SH28HOHlIC A& HRL, ARELDE
&, BEERBEL N1 EEYo®k 40.3°C £ T
BErhU/, 29 HFMOMERT L I THRL
7o MBFH 1 BREBFHIEHOEBREEDE,
40°C OR# LT %, RFRIOBBHERKET v v
F-HWEN, EEZVOBNTRAARE - T

REDOHEE

ABEEEIR 39°C ¢, FRA$00/4>, MHE 108/60
mmHg ThH-7:, HEBRIEALP D BREHRERKY
Bl HEXAL, BEREEKE. - BREEECRZ
hEHhAM - BEIRZL, BEY v HiOoEED
Aot HERARTRIEZECRENMAIZ
Mot BEHARTR, FRIBEBEXL, HH%,
Efmdpy, MiicoRdmml zhb-7, LL,
By F7 7 A TERBERI N, T O,
MRENFRZ LI, BEREDEN -7,

BREMRRE (Table2)

AR, BT 2 - 72438, A I Ek K 2900/
Table 2 Clinical Findings at the begin of hospitalization
RBC 518 10*/mm? GOT 92 K.U.
RBC (5.4 g/dl GPT 53 K.U.
Ht 42 9, Al-P 21.1 K.A.U.
WBC 2900 /mm? OAP 220 G.B.U.
Meta. 7 % LDH 618 W.U.
Stab. 52 r-GTP 38 mU/m!
Seg. 11 M. G. 13U
Eo. 1 Bil 2.0 mg/d!
Mo. 8 D. B. 1.3 mg/d!
Lym 19 I.B. 0.7 mg/d!
At y-Lym. 2
PL 3.5 10*/mm? Urobilinogen (U.) #
Ret. 6 %o
ESR (I hr.) 2 mm Bleeding Time 1 min.
CRP +3 Coag. T. 10 min.
PT. 10.8 sec.
(cont. . 9.9 sec.)
PTT. 46 sec.
(cont. 32 sec.)
Fibrinogen 220 mg/d!
FDP <40 pg/ml



mm®, M/ME$ 3.5 10°/mm® & EicE R L EL
FaR L7z, BMBERAEG CIIRIRERE2%, 4 %k
N LEARILERL, BHEiZe%n L #EMML
Tz, Mkid 1 BRIE 2 mm, 2 BRE 8 mm &
DLABRELTWY, CRP 33+TH - 7o
GOT 92K.U.,, GPT 53 K.U,, Al-P 21.1K.AU,,
LDH 618 W.U,, M.G 13U, 13il, 20mg/dl (D.B
1.3mg/dl IB0.7mg/dl) &, #BRE~ % iFHaE
EEERL HESAEDONL, LIL, mHE
BERICEREIZ - 7,

Bk RE ticit®  (Fig. 1 U Table 3)

BEZ Fig. 1 0T &<, RABPAREOD HEKEA
BEL7. E2RHBICKHEMBEREEAR T ring
form R U trophozoite @< 7 ) 7R hHERAI L
Too FHRBMOSRECHML7-OT, F4HALD
BB L7,

BEOBRSHICE-T, 2BM7 vn+ B
LT 1200mg ¢ #HE5 L, HEEBORD
REDLDTREN 72DOT, ¥V AF IV eRL
7+ 2bFvy (PHI-SH) 0&HIKYD
Z T,
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E5WAICP,SHIKAL 50mg, 1g 2ROKE
L7t CABATHLALBRHEOPOREAEICE
bebhhotcle®d, SHICHBDOEELEME
El, AgkLHiEH+=—* l5g/HOEE*
P LA, B7ROBURBRLBEELOREA
L7z P-S 4FIEHEL, ISIKAKERS:
=—% 300mg T AHHEL . ARIKTRDH
8T hydrocortisone 100mg *#ik L7, ZTD*
OPEBEBKITEORIED TS,

E8RHILE, T CIKEMMPLD D ring R
UF trophozoit {33 TICIHK L Tn7zds, M bR
{25#%¢ L 72D T Predonisolone 15mg/ H D& M1#&
H %k L7,

EOMAWRTRLLY, 251t P.S &4,
Fo -3 MREEREL, SHlOogHMBZTHEN
275mg, 55g, 103g L&t xicEE X H Ik
L 7z Predonisolone (3#iid ik L 72,

%13, 4FHIKK, BURARUVAMRKKHEL &
Rz, REmbREREIEDONEP- 72, BB
W, BmEREICE LTI AR, BERPWEELER
L7z

X 103/mm?
W.B.C. B.T. Quinine
N
hydrochlorid \ g \
v £ AN
Pyrimethamine 275 mg (T)
Total —sulfomonomethoxine 556¢g (T)
P.farci. .
count Chlorogine
— 1200mg(T)
mm?3 100mg
13 40 Hydrocortison B Mg
106
as}
10510
38
104
37
103
5 36
102L i
\ .
\'\ *t.p. =total
101 \ P. farcipalum
13 ‘-‘ count
i
T L T T T Ls T s - T T L T L) T Al T L B T
Date 29/Mar. 31 1/Apr. 5 7 10 12 15 17 18
Hospital 1 2 3 4 5 6 7 8 9 1011 1213 14 15 16 17 18 19 20 21

day
Fig. 1

Clinical Course I
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Table 3 Changes of P. farciparum count in relation to Therapeutic Process

Date 29 30 31 1 2 3 4 5 6
mar. Apr. r.t =ring form,
Hospital day 1 2 3 4q 5 6 7 & trophozm‘tees
Parasite Stage rt rt r.t r.t r.t r.t rg
s 9
wWBC 3700 3400 2900 3800 6800 5800 5700 65400 3800
P/W ratio 31, 203 1495 1530 253 1s7€*’ 4+ o+1 ¥ o0+
40 400 {5 40 100 0 ) 400 00 )
Total s = schizont
asexual 5,735 6.902 289,033 290.700 17,204 19,488 142
parasites/mm3
log {asexual 3.76 3.83 5.46 5.486 4.23 4.28 2.15
parasites/mm3)
sexual parasite 0 0 0 [} [} 16 29 14 19
t
(gametacyto) g = gametocyte
log (sexual 1.2 1.4 1.1 1.3
parasites/mm3) ?
Therapy (per os) male female
Chloroquine (mg) 900 300
Pyrimethamine {mg) 50 25 75 76 26 +1%:1 = gamete
Sulfomonomethoxine (g) 1 0.6 1.5 18 0.5 count
Quinine HCI (g) 05 1.0 1.0 1.5
" (g) (i.v) +03

B, E6RALY, KM ic Gametocyte
BHEL, ChiRXIFEMNGRFER~FITT
DA LVHEEL,

BEZEY (Fig.2 BLU Table4)

RICEA BB TR 72, BBFICE L 8E
RECHEL Th~5,

ABER Tt i/MEBII A L, miE7 477
) =7 VR MPERT B - Fo A & IR
4 L7z, FDP (fibrin degradation products) i
wEEmL, £6-7HALUE, TAbbRMMF
X D@ ring RUX trophozoite DiFPHH 3\nid
HERDOHBICZEDORKMEER LI, ORI/
B, m¥7 .« 7Y -5 &R FDP 0£H
fHi3% %2 1.2x10*/mm®, 80 mg/dl %X 10 #g/ml
ﬂiﬁf’%o 720

FkiC, ZoRBOHM, BRERMBIIERST
Holeds, Fubuoryvrgiizi23thca
FPE—-VDOSHIKELTCHESPLERNAD
iz,

LEFREZRET S LHEEERIIHTW R WA,
DIC EBEHOBERBEICU TS, 36K, T¥
F btwrer I (11.5mg/d) e, SK iE#
7523 (30min) OFLEDHLN7ZDT, T
DEZFRBELDODDTHA S,

LERRICH L CEBEIT HiEM 400 mm! Ol
E1H 900U #2HBEDO~Y) #EE (ZO~
»NY) OB ERIZ, BEOREHEICHS, 350
CHBTH-7205) D%, Fig. 20T L{tE%L
R, Wit L-BlED, REEAWIEHORED
‘mHERL .

Z Do BEFRR TIZ, Fig.2 1< Table 4 @
< FFBBEII AR IZIT10H HEBICTIERIL L 72,
—HEBIONWTAMAHBRL, K& %
LV Ho7ohs, HITPPEMITO R - TBRENHY

EBxAHl, M, AMITEALT, #RFOLZD B
MiZH -7, BEEBE) - 228BE3WThHh
b TH -,
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Fib. Pl Hb
mg/dl X10% g/di

Heparin
Blood .
Total transfusion [] 400 ml —PL
P.farci.
count
400
106
20
300}
1086 16f
200f 15}

104} 150} 13f 14}

100
101
103 12f
102 5F 1OL
101 o8l A
\
\
4
T LR T L T L L T Ll L} ¥ T L} ¥ T T T T T
Date 29/Mar.31 1/Apr. 5 10 15 17 18
Hospital 1 2 3 4 5 6 7 8 9 1011 12 13 14 156 16 17 18 19 20 21
day

Fig. 2 Clinical course II (coagulation study, therapy and P. farciparum count)

Table 4 Hematological and immunological studies and P. farciparum count during

hospitalization

Day 29 311 5 10 15 18
Mar, Apr-

Hospital day 172 3 4 6 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21
Piatelet X104/mm3 [3.448 35 36 25 14 1.2 22 21 50 8214999 12214 88 69 44 64 150
Fibrinogen X 102mg/ dt 22 17 14 1.3 13 11 08 09 1.1 14 26 47 15
FDP ng/nt <4040< ——> 40% <40<10 +
Prothronbin Time sec. ntf — 1t 1t ha) 1(29/Apr.nd)
Coagulation T. sec. nt —
Bleeding T. n{ -
Anti thrombin I mg/dl . 115 17.5 268
ESR (1 hro) mm 2 4 35 20
WBC X103/mm3 [37 34 29 38 68 58 57 54 3.8 46 56 7.1 65 12 138 76 63 46 650 63 7.3
RBC X 106/mm3 6.2 44 3.2 (26/Apr.3.2)
Hb g/dt [16.816.616.4 13.9 13.1 13.1 116 11.4 10.8 108 9.9 10.810.810.510.9 102 8.1 9.2 90 9.1 9.0 (9/May 12.3)
CHso % (g* 16 25
C3C 32 24 27 30 44 81 47
T°’::"m“ X103 [5.769 29 29 17 1901 0 ©

¥ Kept in a refrigirator for 7 days.
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A CASE STUDY ON CHLOROQUINE RESISTED
- FALCIPARUM MALARIA COMBINED WITH
DIC RESEMBLING SYMPTOMS

Masao Topa*, TatsusHr IsHizAki* AND MasaTosur TAKAOKA**
Received for publication 10 July 1981

A male patient of 21 of age was infected with Plasmoedium jfalciparum resisted to chloroquine
during his stay in Parawan Island, Philippines.

Typical fever attacks occurred just after coming back to Japan and he was hospitalized. The
patient turned to worse within a few days due to high fever attacks and acute increase of parasitemia
even by oral administration of chloroquine, and then he was treated with quinine intravenously as
well as orally, in combination with pyrimethamine and sulfamono-methoxine, which resulted to
establish complete cure of this patient.

Among his clinical course, such findings were positive in high grades as leucopenia, thrombocy-
topenia, prolongation of prothrombin time, decrease of fibrinogen, antithrombin IIT and fibrin
degradation products (FDP) in blood. Highly activation of SK plasmin was also recognized.

These findings were resembled with DIC syndrcm even though withcut actualization in this
patient. B'ood tran:fusicn, medicaticn of corticosteroid ard heparin were very useful for recovery
from those situation.

* Department of Clinical Immunology & Medicine and ** Department of Medical Zoology, Dokkyo
University School of Medicine,
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FUNDAMENTAL STUDIES ON THE LEUKOCYTE
CHEMOTACTIC FACTOR IN LYMPHOKINES OF
DOGS INFECTED WITH BABESIA GIBSONI

Mamorvu ItoH, SusuMmu MAKIMURA AND NAOYOSHI SUZUKI
Received for publication 28 May 1981

Abstract: The agarose plate method using dog neutrophils and human monocytes
as migrating indicator cells were used to demonstrate neutrophil chemotactic factor and
monocyte chemotactic factor, respectively, in dogs infected with Babesia gibsoni. The
experiments were done in the supernatant from #n vitro cultures of spleen cells, peripheral
blood lymphocytes as well as extracts of spleen cells.

In particular, it was suitable to use canine neutrophils as migrating indicator cells
for demonstrating neutrophil chemotactic factor in 2.5 x 10° cells per well of normal canine
leukocytes incubated for 2 hours in agarose plate with 109 inactivated normal canine
serum. Supernatants from in vitro cultures of canine spleen cells (3 weeks postinfection) and
peripheral blood lymphocytes (3 days postinfection) showed an increased chemotactic
activity of neutrophils as compared with that of normal dogs. Similarly, supernatants
from in vitro cultures of canine spleen cells (2, 3 and 25 weeks postinfection) and peripheral
blood lymphocytes (7 days postinfection) showed a tendency to contain monocyte
chemotactic activity. :

INTRODUCTION

Recently, infection with Babesia (B) gibsoni in dogs has been reported from
various regions of Japan (Akashi ef al., 1969; Kusunoki, 1971; Noda, 1977, 1978).
In a series of previous studies by the authors on experimental protozoan diseases using
animals based on cell-mediated immunity, it was reported that macrophage acti-
vation was associated with increased cell size, spreading on glass, adhensiveness to a
charged surface, phagocytic activity and digestive capacity, and with increase in
contents of some lysosomal enzymes (Ishimine et al., 1978, 1979; Makimura &
Suzuki, 1977; Noda & Suzuki, 1977; Sethi et al., 1975; Shirahata et et., 1975, 1976,
1977; Nakabayashi et al., 1978). It was suggested that the cell-mediated immunity
by the macrophages and lymphocytes towards B. gibsoni infection may be involved
in the protective immunity (Ishimine et al., 1978, 1979; Suzuki, 1976). On the
other hand, it has been suggested that the initial reaction of antigen with a few
specifically sensitized lymphocytes results in the production of soluble mediators,
also called lymphokines (LKs), which through their biologic activity, are capable
of recruiting host inflammatory cells, activating them, and keeping them at the site
(Boyden, 1962; Fudenberg at al., 1976; Weissmann, 1978). However, there is a

Department of Veterinary Physiology, Obihiro University, 080 Obihiro, Hokkaido, Japan
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surprising paucity of research regarding the LKs and monocyte function in normal
dogs and also concerning the basic and clinical cell-mediated immunity of canine
diseases. In consequence, the authors tried to examine the effect of LKs on the
peripheral blood monocyte chemotaxis, as well as on the neutrophils in B. gibsoni
infected dogs by detecting the chemotactic factor in the LKs.

MATERIALS AND METHODS

Babesia species: The strain of B. gibsoni used in this study was maintained by
canine passages in our department (Ishimine ¢f al., 1978, 1979). This was originally
obtained from a hunting dog that contracted the parasite in Hyogo Prefecture in
Japan.

Experimental ammals: Six adult mongrel dogs, weighing approximately 10 kg,
were used in the experiments. They were inoculated intravenously (i.v.) with
approximately 8.5 X 10° parasitized erythrocytes which had been harvested from a
splenectomized dog wherein 309, of the erythrocytes contained B. gibsoni. Peripheral
leukocytes were examined at the hours of 3, 6 and 12, and on days 1, 3, 7, 10, 14,
21 and above 175 postinfection (p.i.). For the 2nd experiment, dogs were also
inoculated with the parasitized erythrocytes, and the materials were taken from 2 of
the dogs on the 2nd and 3rd weeks representing the acute stage, and above the 25th
week p.i. as the chronic stage of the infection. For the chronic cases in the canine
experimental babesiosis the dogs were challenged with the same parasitized erythro-
cytes i.v. 25 weeks after the st inoculation to obtain hyperimmunized dogs as donors
of the immune lymphocytes. The hyperimmunized spleen cells were taken on the
4th week after the challenge.

Preparation of Babesia lysate antigen: Three volumes of PBS were added to one
packed volume of the parasitized erythrocytes. The suspension was homogenized
with a glass homogenizer and ultrasonic vibrator (100 W, Kubota Insonator, Model
200, Tokyo) for 5 minutes, and stored for at least 48 hours at —80 C. The antigen
was thawed, rehomogenized, washed 5 times with PBS and recentrifuged at 17,300 g
for 20 minutes. The final sediment was homogenized with 1.5 volume of PBS and
lyophilized in 0.5 m/ quantities. When needed, 50 mg of lyophilized antigen was
mixed with 2 ml of PBS in a 10 m/ conical centrifuge tube and centrifuged at 365 g
for 30 minutes. The supernatant fluid was collected and stored at —80 C to serve
as the ““Babesia lysate antigen, or BLA”.

Preparation of lymphokines (LKs): Spleen cells and lymphocytes from peripheral
blood were collected from normal and Babesia immune dogs by means of a slight
modification of the Conray-Ficoll method (Tsuji, 1971). The cells were washed
twice with HBSS. Normal and Babesia immune spleen lymphoid cell suspensions
were incubated with 50 ug BLA in a humidified 59, CO, incubator at 37 C for
24 hours. These lymphoid cell cultures were centrifuged at 1000 g for 30 minutes.
The supernatants thus obtained were filtered through a millipore membrane filter
(0.3 u, type PH, Millipore Co., USA) and were used as the normal cultured super-
natant and Babesia immune LKs. They were diluted 1: 2 with medium TC-199.

Preparation of spleen cell extract: Suspension of 1x 108 spleen cells per mi of
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medium TC-199 was repeated by dry-melting (—80 C and 37 C) and sonicated by
the ultrasonic vibrator for 5 minutes. The suspension was filtered through a millipore
membrane filter.

Preparation of agarose plate: 0.12 g of agarose was dissolved in 45 m! distilled
water and 4.5 m/ double concentrated medium TC-199 containing 19, heat-
inactivated canine or human serum was added and kept at 48 C. After suspension,
5 ml of this mixture was poured into a petri dish for tissue culture. Three m/ of this
mixture was placed on a slide glass at 4 C and allowed to solidify. The agarose
plate used for normal canine neutrophils was prepared to contain 109, heat-inac-
tivated calf serum (CS) or canine serum. As shown in Fig. 1, these wells, 3.0 mm
in diameter, were punched into the agarose medium with a steel punch. Ten pl of
indicator cells as previously described were poured into the outside well and 10 p/ of
medium TC-199 into the inside well. The plate was incubated for 2 hours to evalu-
ate chemotaxis of neutrophils. Incubation was for 18 hours at 37 C in CO, incu-
bator. After that, the petri dish or slide glass was fixed in methanol overnight at
4 C. The agarose was discarded and the cells were stained with Giemsa or Wright
stain. '

Measurement of chemotaxis: Measurement of chemotaxis was made according to
the method of Nelson (1975). The measurement of chemotaxis was calculated as
the ratio A: B; that is, A, the chemotactic distance between a central well containing
indicator cells and outside well containing the sample for measurement of chemotaxis
or positive chemotaxis, and B, the natural chemotactic distance from central well to
the inside well containing medium TC-199 as control or spontaneous migration.
This was determined by the use of microscope. '

REsuLTS

Spontaneous migration of normal canine neutrophils: Patterns and measurements of
spontaneous migration in normal canine neutrophils of the peripheral blood are
shown in Chart I. The migration distance of normal canine neutrophils increased
parallel with the incubation period and also with the increase in the number of the
cells. Addition of serum into the agarose plate is necessary for the migration of the
cells. Migration increased by adding small amounts of serum to the agarose plate.
The migration distance and cell number were observed to decrease remarkably when
heterologous serum was used instead of autologous serum. The difference in the
migration distance between the slide glass and petri dish used as glass plates was
investigated to simplify this method. No remarkable difference was demonstrated
in both materials as shown in Chart 1. To incubate, it was necessary to keep the
slide glass on a flat surface. In this experiment, the authors found it suitable to use
canine neutrophils as migration indicator cells for demonstrating neutrophil chemo-
tactic factor (NCF) in 2.5 x 105 cells per well of normal neutrophils. They should
be incubated for 2 hours in agarose plate with 109, inactivated normal canine serum.

Neutrophil chemotactic assay: Neutrophil chemotactic assay was carried out using
supernatant from spleen cell cultures of three normal canine samples. The chemo-
tactic index ranged from 0.6 to 1.3 and the average was 1.040.2, as shown in Chart 2.
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a. Arrangement of wells b. Pattern of differential migration
in agarose plate in response to chemotactic factor

(samples)
Positive chemotaxis L

Spontaneous migration
(TC—199)

Fig. | Differential migration of canine neutrophils in the leukocytes from a well in the supernatant
from the spleen cells of dogs in the acute infection of Babesia gibsoni.

The chemotactic index of the supernatant from spleen cell cultures from acute cases
of canine babesiosis showed 1.140.2. A slight increased chemotactic activity of
neutrophils was also detected in some cases. The neutrophil chemotactic index of
chronically infected babesiosis was 1.04+0.2. As shown in Chart 3, supernatant
from peripheral blood lymphocyte cultures showed a slight increase in chemotactic
activity at 3 and 7 days postinfection (p.i.) of B. gibsoni compared with that of normal
dogs. There was a tendency for this activity to gradually decrease up to the 21st
day p.i.

Monocyte chemotactic assay: When canine peripheral blood monocytes were used
as migration indicator cells for demonstrating NCF, migration of neutrophils present
in small numbers was also observed at the same time. Thus, it was impossible to
calculate the chemotactic index accurately. For this reason, human peripheral
blood monocytes were used as migration indicator cells for demonstrating NCF in
these experiments. The monocyte chemotactic index of spleen cell extracts from
normal dogs was shown to be 1.04-0.1 (0.8-1.0). The monocyte chemotactic indices
in the acute stage of 3 weeks p.i. and chronic stage of 29 weeks p.i. were 1.14-0.1
(1.0-1.1) and 1.14-0.2 (0.9-1.2), respectively. As shown in Chart 4, the difference
in chemotactic response to monocytes was demonstrated in some cases of B. gibsoni
infection compared with that of the control. The monocyte chemotactic index of
supernatant from normal canine spleen cells was 0.94-0.2 (0.9-1.2) and that of the
supernatant from acute cases of B. gibsoni infected dogs, 2 and 3 weeks p.i., was
1.240.1 (1.0-1.3) and 1.140.2 (0.9-1.5), respectively. Increased monocyte activity
was demonstrated compared with that of normal dogs. The monocyte chemotactic
index, shown in Chart 5, of supernatant from Babesia chronically infected monocyte
chemotactic activity was also observed. Monocyte chemotactic activity was ob-
served to be present in the supernatant from peripheral lymphocyte cultures 7 days
p.i. as shown in Chart 6,
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Chart 1 Measurement of spontaneous migration in normal dog peripheral blood neutrophils.

a. Effects of the number of leukocytes added per well and incubation time

. e
1.0 — _ —-1.0X108
0.5t =TT

0 1 2 3 4
hours incubation
spontaneous migration (cm)
cells/well (hours incubation)
2 4
5.0 X 105 0.8 0.1 1.1 £ 0.2 1.3 0.6
2.5 X 10° 0.6 £0.1 0.9 £ 0.1 11 +0.4
1.0 X 10° 0.5 £ 0.03 0.6 0.4 0.9 0.3
b. Effect of varying dog serum concentration in agarose medium
Dog—serum Spontaneous migration (cm)
10 % 1.2+ 0.2
2.5 % 0.9 £ 0.1
0O % 0.3 £0.2
c. Differential migration on petri dish and slide glass
Materials Spontaneous migration (cm)
Petri dish 0.8 £ 0.1
Slide glass 0.7 £ 0.1

Notes: The values shown are mean--standard error within representative experiments done
independently at least five times
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Chart 2
Chemotactic response of dog neutrophils to supernatants from spleen cells of normal
dogs with acute infection and chronic infection.

infection
1.4+ °°
[ N [ ] [ ]
1.2 |- [ ] ° [ J
[ N N J [ ] [ ]
1.0 L [ X J [ N N N N ] o0
[ N J [ X N J
0.8 t+ ®
o
0.6 U ! \
NORMAL | ACUTE l CHRONIC
(3WKS) (above 25 WKS)
postinfection
Migration No. of examined
ratio 11 10 11
Mean£S.D. | 1.0+0.2 1.1%0.2 1.0£0.2
Range 0.6—1.3 0.9—1.4 0.8—1.4
Notes:

Distance of positive chemotaxis

Migration ratio= - = -
Distance of spontaneous migration

Discussion

The major defense mechanism towards Babesia infection in dogs is generally
thought to be the cell-mediated immunity (Ishimine et al., 1978, 1979; Makimura &
Suzuki, 1977; Noda, 1978; Suzuki, 1976). Based on various findings by the authors
in the past experiments, it has been suggested that the cell-mediated immunity by
the macrophages, lymphocytes and the LKs may be involved in the protection
immunity (Ishimine et al., 1979; Suzuki, 1976). These findings included the
increase of the monocytes in the peripheral blood, the phagocytosis of the parasitized
erythrocytes by the reticuloendothelial cells, especially the splenic macrophages, the
increased parasitemia caused by splenectomy in the chronic cases, and the acceler-
ated phagocytosis of the parasitized erythrocytes by the immune monocytes from
the chronic cases in comparison with those from the normal dogs in in vitro cultures.
On the other hand, it is known that polynuclear leukocytes and monocytes in
infectious diseases migrate to the site of infection (Fudenberg et al., 1976; Weissmann,
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Chart 3
Chemotactic response of dog neutrophils to supernatants from peripheral blood
lymphocytes in dogs intravenously infected with B. gibsoni.

0.6 0.8 1.0 1.2 1.4

Poi?]tféotion Migration ratio Range [Mean®SD
0 hr e oo 0.7—1.0] 0.9%0.1
3 hr e oo 0.7—1.111.0%0.2
@
6 hr oo 0.9—1.0 | 1.0£0.1
12 br os 0.9—1.0 | 1.0=0.1
24 hr .s 0.9—1.0 | 1.0%0.1
3 day °s o 1.0—1.2 | 1.1£0.2
7 day cee oo 0.8—1.3 | 1.140.2
10 day - 0.9—1.1 | 1.0%0.1
[ J
14 day e o o 0.8—1.2 | 1.0£0.1
oo 1.1 | 1.0%0.1
21 day 4 1.0—1. .0=%0.

Notes: See Chart 2

1978). The movement of leukocytes has been divided roughly in two ways, the
original or spontaneous mobility or negative chemotaxis, and movement towards
a factor or positive chemotaxis. Several methods have been used for measuring
chemotaxis such as the membrane filter method (Boyden, 1962), and the recently
devised agarose plate method (Tautz, 1974; Tsuji & Que, 1976).

In this experiment, the authors thought of using canine monocyte for the mono-
cyte chemotactic measurement, as indicator cells. The purification method of
canine peripheral blood monocyte is not yet well established up to now. For this
reason, canine monocyte chemotaxis was measured by using human peripheral
blood monocytes as migration indicator, instead. This is because there are some
problems encountered in the use of human monocytes. One is the property or
function of monocytes which may differ in different animal species, and the other is
the nonspecific effect of the materials produced by Babesia sensitized-lymphocytes on
these monocytes. The former statement is yet to be considered, but for the latter
there have been some reports on positive chemotaxis nonspecifically induced by
human monocytes in mouse spleen cell extracts in cases of malaria infection (Wyler

& Gollin, 1977).
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Chart 4
Chemotactic response of human monocytes to extracts of spleen cells from normal
dogs with acute infection and chronic infection.

ratio
1.4 ¢
1.2 ¢t .
1.0} @ @ @ e o e o
[ ]
08 i L ]
0.6 [ ]
NORMAL | ACUTE | CHRONIC
(3 WKS) (above 25 WKS)
postinfection
Migration No. of examined
ratio 4 ~4 4
Range 0.8—1.0 1.0—-1.1 0.9—1.2
Mean®+SD. | 1.0=%0.1 1.1x0.1 1.1%0.1

Notes: See Chart 2

In the early stage of Babesia infection in animals, an increase in the number of
neutrophils and monocytes is observed in the peripheral blood (Holbrook et al.,
1968; Simpson, 1974; Trubowitz, 1968). Recently, the presence of neutrophil
chemotactic factor in the LKs, produced by sensitized lymphocytes with specific
antigen, has been reported (Ishimine et al., 1979; Suzuki, 1976; Fudenberg et al.,
1976). However, no report has been made yet concerning the presence of neutrophil
chemotactic factor in canine babesiosis. In the present study the authors believe
that there is small quantity of chemotactic factor present in the spleen cell culture,
especially in the peripheral blood lymphocyte supernatant. This suggests that there
is a response of the sensitized lymphocytes to Babesia infection in dogs as a defense
mechanisms against the parasitic infection. In the present study it was observed
that a small quantity of monocyte chemotactic factor is present in the spleen cell
extracts and the culture supernatant from chronically infected dogs.

It has been reported that immunity against Babesia infection is brought about
by the state of nonsterile immunity or premunition, and that the protozoa is hidden
in the host for a fixed period after recuperation from the infection (Noda, 1977). It
is also supposed that Babesia latent infection enables the lymphocytes to keep it



Chart 5 Chemotactic response of human monocytes to supernatants from spleen

cells of normal dogs with acute infection and chronic infection.

ion
ratio ¢ i
1.4 °
o e °
1.2 . e 0o 0o
o O [ ] [ I [ ]
1.0f e o ° e o o e o
e o ¢ [ ] o o o
0.8 e @
0.6 b } \ ‘
NORMAL | AGCUTE | ACUTE |GHRONIC
(2WKS) (3WKS) (above 25WKS)
postinfection
Migration No. of examined
ratio n 4 11 9
Mean+S.D.] 0.9%+0.2 |1.24+0.1]1.1+£0.2]1.1£0.2
Range 0.6—1.2{1.0—1.3{0.9—1.5|0.9—1.5
Note: See Chart 2

Chart 6 Chemotactic response of human monocytes to supernatants from periphéral

blood lymphocytes in dogs intravenously infected with Babesia gibsoni.

0.8 1.0 1.2 1.4 1.6
T T ¥ T T

Postinfection L . Mean
(Days) Migration ratio Range +S.D.
[ N X J
0 oo 0.9—1.1(1.0£0.1
[ N J
1 °s 0.9—1.21.0%0.1
[ X J
3 e oo 0.9—1.2[1.1%0.1
5 oo eee 109-1.51.240.2
10 ° :. L) 0.9—1.4(1.1%x0.2
[ ]
14 ¢ 000 ® 10.9—1.5(1.1£0.2
Notes: See Chart 2
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sensitized from the specific antigen in vivo, hence, the long duration of monocyte
chemotactic factor emission.
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Abstract: Females of Simulium ochraceum which were fed on a carrier of the Guate-
malan strain of Onchocerca volvulus microfilariae were maintained under natural conditions
at five different altitudes (350-1,500 m) within and outside of the onchocerciasis endemic
zone. The results suggested the probability that these insects’ chance of surviving increases
with altitude. The infective stage of O. volvulus larvae was reached on the eighth day at.
Maria Santisima (alt. 650 m). At higher altitudes (1,200-1,500 m), however, no larval
development beyond the late first stage occurred, except in one S. ochraceum female (at
Guatemala City, 1,500 m) which yielded late second-stage worms on day 16. The length
of the gonotrophic cycle was three or four days irrespective of altitude. Heat accumulation,
calculated by means of a self-registered thermometer, suggested that the predicted period
required for larvae to reach the infective stage in the vector varies considerably with
altitude (4.4-28 days). The relationship between the rate of development of O. volvulus
larvae at varying altitudes, and ambient heat accumulation, is also discussed.

INTRODUCTION

Many factors influence the transmission dynamics of onchocerciasis. Ambient
temperature is one of the most important of them, affecting as it does the parasite’s
development in the blackfly vector as well as the latter’s survival. From previous
laboratory experiments, we reported the development of Onchocerca volvulus larvae to
the third stage in Simulium ochraceum Walker (the principal vector of onchocerciasis
in Guatemala) under simulated day and night temperatures (Takaoka et al., 1981).
This occurred even when night temperature dropped below 16.9 C (the predicted
development zero point), although larval development-time was extended. These
results suggested that the speed of O. volvulus larval development in field population
of S. ochraceum might vary with heat accumulation at differing altitudes.

The present study was thus undertaken to determine the probability of survival
of S. ochraceum, and the development of O. volvulus larvae within it, at selected altitudes

1 Division of Medical Zoology, Medical College of Oita, P. O. Box 37, Oita, Japan (870-91). 2
Laboratorio de Investigaciones Cientificas para Control de la Onchocercosis “Dr. Isao Tada”, Serv-
icio Nacional de Erradicacién de la Malaria, 5a Avenida, 11-40, Zona 11, Ciudad de Guatemala,
Guatemala, ‘ ’
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where ambient heat accumulation was being monitered.

MATERIALS AND METHODS

Duplicate experiments were conducted in November and December, 1979,
(i.e. during the early dry season — the period when workers harvesting coffee arc
most frequently exposed to blackfly bites). Females of S. ochraceum used in the
project were captured between 09.00 and 12.00 Lr at a coffee plantation, (Finca
Moénica Ivoné) located on the southwestern slopes of Atitlan Volcano (Department
of Suchitepequez).

Field procedures for the capture and maintenance of simuliids were the same as
in previous work (Takaoka et al., 1981). The O. volvulus microfilaria-carrier used in
these studies was a 40 year-old man, with density of 45 mf/mg (based upon one
shoulder biopsy). After collection, tubes holding individual blood-fed female
blackflies were randomly divided into four (in November) or five (in December)
groups, each consisting of 80-100 insects. Transportation from the collecting site
to Escuintla (the lowest experimental altitude) took about two hours. Further
one-and-a-half hours were required for the journey to the other locations. During
this period the simuliids were Leld in an insulated portable cooler in wkich ice held
the temperature to 15-20 C. Immediately upon arriving at the selected locations
where the adults of S. ochraceum were to be maintained, all dead or moeribund flies
were removed. As a result, 13.19, (in November) and 10.7%, (in December) of the
total females were omitted. The tubes containing the remaining blackflies were
packed horizontally in coverless plastic boxes, each with a capacity for 60 individuals.
The boxes wrapped in damp towels were placed in a plastic bag to secure high
humidity. These boxes were then aligned in wooden weather-instrument shelters
(40 cm x 40 cm X 50 cm), standing one metre above the ground. Each shelter also
held a hydrothermograph to record air temperature and humidity during the course
of the experiment. The environmental shelters for housing the simuliids were
stationed near the national highway from Escuintla to Guatemala City — at the
Health Centre in Escuintla (alt. 350 m), at finca Maria Santisima (650 m), at finca
Barretal (1,250 m), at finca Rincén (1,200 m) and at the laboratory, Servicio
Nacionil de Erradicacién de la Malaria, Guatemala City (1,500 m). Human
onchocerciasis and S. ochraceum adults were known to be present only at Maria
Santisima, Barretdl and Rincén. All sites were visited each day thereafter. The
number of live blackflies was recorded, and dead ones, if present, were removed
and preserved in the laboratory freezer (at —19 C) for later dissection.

All dead examples were dissected into head, tract and abdomen, and teased out
in 0.99, saline solution using a binocular stereomicroscope. The number of larvae
present was counted and the developmental stages were identified by size and
morphology, following Duke (1968) and Bain (1969). Also, follicular development
of the ovaries was examined to estimate the duration of the gonotrophic cycle at
ambient temperatures.

Heat accumulation (Day-C) reveals the sum of daily heat accumulation (sup-
posedly allowing the larvae of Q. volvulus to develop in the vector). Daily heat
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accumulation was directh calculated from the air temperature grapks according to
the following formula: 7_‘, [(T —Ty)/12], always providing that T; (the mean
temperature of every two hours) exceeds T (the predicted developmental zero point
for O. volvulus larvae in S. ochraceum). The predicted developmental zero point and
the thermal constant used in this study are 16.9 C and 45 Day-C respectively ac-
cording to our previous study (Takaoka et al., 1981).

REsuLTs

Heat accumulation at five locations of differing altitude

Table 1 presents the temperature conditions at the five experimental stations.
The temperature-fluctuation patterns together with the daily heat accumulations
during four days in December are shown in Figure 1. The December-thermal
pattern for Barretal was lacking due to a faulty thermograph. As was to be ex-
pected, the mean daily temperature decreased as altitudes rose, and temperatures
fluctuated remarkably by day and night at all altitudes observed.

Actual heat accumulation during the November experiment is illustrated in
Figure 2. At Barretdl and Guatemala data were insufficient for prediction of the
time required for larvae to develop into the infective stage. Heat accumulation
increased linearly at Escuintla and Maria Santisima, but irregularly in Guatemala

Escuintla (350m)

10
30 M.Santisima ( 650m )

TEMPERATURE (°C)

301 Guatemala ( 1500m )
20

168°C
10

Figure 1 The fluctuations in air temperature during four days in December at four
distinct altitudes, and effective temperatures above 16.9 C for 0. volvulus
larval development in S. ochraceum. (Areas indicated by oblique lines
represent heat accumulation; solid horizontal line represents 16.9 C (deve-
lopmental zero point) ; dashed line represents mean air temperature).
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City, due to the fact that the temperatures did not reach 16.9 C on the seventh,
eighth and ninth days.

Table 2 shows the predicted periods (in days) required for larval development
to the infective stage, based on the mean daily heat accumulation. Predicted

Thermal constant
(K=45 Day-C)

|

Escuintia (350m)
M.Santisima (650m)
Barretal (1250m)
a Guatemala (1500m)

=}

x

HEAT ACCUMULATION ABOVE 16.9°C (Day-C)

0 5 10 15 20
DAYS POST-INGESTION

Figure 2 The heat accumulation during the course of the November experiment at
four different altitudes.

Table 1 Daily temperature (C) at five localities of differing altitude in Guatemala (1979)

Place Maximum Minimum
(Altitude) Date Mean (Range) "
ean (Range) Mean (Range)

Escuintla Nov. 4-10 27.2 (25.7-29.5) 31.4 (30.8-32.2) 23.0 (21.8-27.0)

( 350 m) Dec. 8-20 27.1 (26.1-27.9) 33.1 (32.3-35.0) 22.6 (21.0-24.0)
Méria Santisima  Nov. 4-14 22.8 (21.8-23.3) 28.9 (26.0-30.8) 185 (17.0-19.6)

( 650 m) Dec. 8-21 24.2 (22.2-26.5) 30.1 (29.0-31.6) 19.6 (17.0-21.6)
Rincén

(1200 m) Dec. 8-21 18.6 (17.0-20.2) 26.7 (24.8-31.0) 13.1 ( 8.5-16.2)
Barretal

(1250 m) Nov. 4-7 17.9 (17.4-18.5) 22.1 (21.4-23.0) 13.6 (13.0-14.0)
Guatemala Nov. 4-16 17.2 (13.1-19.3) 23.0 (15.8-27.6) 12.8 (11.2-15.5)

(1500 m) Dec. 821 16.8 (14.7-18.7) 23.0 (19.9-26.2) 12.7 ( 8.6-14.5)
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Table 2 Daily heat accumulation and predicted period required for development of O.
volvulus larvae ot the third stage in S. ochraceum

Period for larval

Daily heat accumulation development in days

Place and Month

Mean (Range) Mean (Range)

Escuintla

November 9.8 (8.8-11.7) 4.6 ( 3.9- 5.1)

December 10.2 (9.2-11.0) . 4.4 ( 4.1- 4.9)
Maria Santisima ‘

November 6.1 (4.9~ 8.5) 7.4 ( 5.2-9.1)

December 7.5 (5.3- 9.6) 6.0 ( 4.7- 8.5)
Rincén

December 2.9 (2.0- 4.0) 15.5 (11.‘3—22.5)
Barretal

November 1.8 (1.5- 2.0) 25.0 (22.5-30.0)
Guatemala

November 1.8 (0.0- 3.7) 25.0 (12.8- )

December 1.6 (0.6— 2.6) 28.0 (17.3-75.0)

developmental periods varied considerably, with a tendency for prolongation as
altitude rose.

Survival of the blackfly host

Figure 3 illustrates the survival curves for batches of female S. ochraceum fed on a
carrier of O. volvulus and maintained at five different altitudes. The data suggest
the probability that survival decreases with loss of altitude. In both experiments,
very small number of simuliids survived beyond the predicted day when third-stage
larvae should have appeared in the head. At Escuintla, 1.1%, (1/90 blackflies in
November) and 1.6%, (1/62 blackflies in December) of the initial host population
survived through the fifth day, while at Méria Santisima, 4.49, (4/90 blackflies in
November) and 6.39, (4/64 blackflies in December) lived beyond the eighth and
sixth day respectively. At Rincén, Barretal and Guatemala City, the only §.
ochraceum to survive to the predicted day was one female (out of 90 experimented with
at Barretal in November) which lived for 26 days.

Development of O. volvulus larvae in S. ochracrum

Figures 4 and 5 show the larval development of O. volvulus in §. ochraceum in
relation to ambient heat accumulations at five differing altitudes. The mean daily
heat accumulation obtained from the first four day’s observation in November was
used for Barretal instead of the actual one. Among 152 blackflies examined at
Escuintla (350 m) no third-stage larvae were observed although two blackflies which
died on the seventh day (in November) and sixth day (in December) yielded late
second-stage larvae (Duke’s stage K). However, at Mdria Santisima (650 m),
where the mean temperature was 22.8 C in November and 24.2 C in December,
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Figure 3 The survival curves for S. ochraceum females which were fed on a carrier of
O. volvulus microfilariae and maintained at five different altitudes.

larval development to the infective stage occurred on the eighth day (in November)
and ninth day (in December), although it was somewhat asynchronous as evidenced
by several stages within individual blackflies (Table 3). On the other hand, no
development beyond late first stage (H) was observed in simuliids held at Barretal
(1,250 m) and Rincén (1,200 m). Unfortunately, the single example that survived
26 days at Barretal did not harbour parasites. Similarly, larval development
beyond stage F was not seen in Guatemala City (1,500 m), except in the case of one

female which died on the 16th day in November, harbouring five late second-stage
larvae (K and J).

Length of gonotrophic cycle

At all selected locations, except in Rincén, fully-grown eggs were first found in
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Figure 4 The relationship between the development of O. volvulus larvae in . ochraceum and the
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Figure 5 The relationship between the development of O. volvulus larvae in S. ochraceum and the
ambient heat accumulation at five altitudes in December. (Numbers in the figure
show days after ingestion of microfilariae).
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Table 3 Development of Onchocerca volvulus in Simulium ochraceum which were fed on a
carrier of the Guatemalan strain of O. wolvulus microfilariae and kept under
natural conditions at Maria Santisima (650 m above sea level)

Days No. flies No. ﬂi'es Total no. Mean no. larvae/ Stage of larvae (%)
post- . harboring

infection examined ", e larvae fy (Range) ML L, L, L

November, 1979
1 24 24 8,291 345.5 (20-893) 1000 0.0 0.0 0.0
2 22 22 3,064 139.3 ( 7-512) 1000 0.0 0.0 0.0
3 15 13 1,244 82.9 ( 0-268) 94.7 53 00 0.0
4 2 2 4 20( 1- 3) 50.0 50.0 0.0 0.0
5 2 2 3 1.5(1- 2) 0.0 100.0 0.0 0.0
6 4 3 16 40(0- 7) 0.0 937 60 0.0
7 5 4 13 26 ( 0- 6) 0.0 308 692 0.0
8 3 2 13 4.3 ( 0- 11) 0.0 0.0 231 76.9
9 0 —— — —( - ) — — - —
10 2 1 1 05(0- 1) 0.0 0.0 0.0 100.0
11 2 2 25 12.5 (10- 15) 00 0.0 0.0 1000

December, 1979
1 25 25 8,382 335.3 (54-825) 1000 0.0 00 0.0
2 14 14 1,441 102.9 ( 0-357) 99.9 0.1 0.0 0.0
3 9 9 1,639 182.1 (10-398) 98.8 1.2 00 0.0
4 9 8 40 4.4 ( 0- 22) 525 47.5 0.0 - 0.0
5 1 1 8.0(80 ) 0.0 1000 0.0 0.0
6 2 1 3 1.5 ( 0- 3) 00 1000 0.0 0.0
7 1 1 4.0( 40 ) 0.0 0.0 100.0 0.0
8 0 — — — (- ) - - - -
9 2 1 7 35(0- 7) 00 00 429 57.1
10 0 — — —( - ) — — — —
11 1 1 12 12 (12 ) 00 83 25.0 66.7

experimental hosts three days after ingestion of the blood-meal. Essentially, the
length of gonotrophic cycle proved to be three days irrespective of altitude. The
single exception was Rincén, where four days were required.

Discussion

In the laboratory study (Takaoka et al., 1981), it was shown that O. volvulus
larval development in S. ochraceum occurred at diurnal/nocturnal temperatures
where the latter were below 16.9 C (the predicted developmental zero point). In
the present study, larval development in the vector species was investigated in
relation to ambient heat accumulation at different altitudes (350-1,500 m).
Unfortunately, the results demonstrated significantly-reduced probabilities of host-
survival in the field when compared with corresponding laboratory temperatures
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(Takaoka et al., 1981). Increased mortality might well have been caused by high
midday temperatures, since temperatures above 28 C are debilitating for S. ochraceum
(Takaoka et al., 1981 and Monroy, 1979). Under these circumstances, only a few
blackflies survived to the day when larvae might have reached the infective stage.
The completion of O. volvulus larval development in §. ochraceum was observed only
at Maria Santisima (where mean temperatures were moderate, ranging from 21.8—
26.5 C) with the developmental period being 8 or 9 days, nearly equal to that pre-
dicted by heat accumulation at this medium altitude. It is notable that the mean
temperature range there coincides with that optimal for the vector’s ability to trans-
mit O. volvulus in the laboratory experiment (Takaoka et al., 1981). On the other
hand, at lower altitude (350 m) with high mean temperature (25.7-29.5 C) larvae
reached only the late second stage even in females (which died on day 6 and 7)
surviving beyond day 5 (i.e. the predicted day when larvae might be expected to
develop to the infective stage at this altitude). This somewhat retarded develop-
ment despite the sufficient heat accumulations might be associated with the initial
cooling of females to 15-20 C during the transportation soon after the ingestion of
blood meal. At higher altitude (1,200-1,500 m) no blackflies lived to the predicted
critical day (15th-28th day) except one female at Barretil, and no development
occurred beyond the late first stage in blackflies dying during the seventh through
13th day after ingestion of microfilariae. Therefore, it was not ascertained whether
O. volvulus larvae could develop to the infective form in accordance with ambient
heat accumulation in nature; although as shown in Figures 4 and 5, larval develop-
ment (though limited to the first stage) appeared to require less heat accumulation
at higher altitudes. This suggested that the first-stage larval development could
occur even at temperatures below 16.9 C. The partial development to the late
second stage seen in one female dying on day 16 at Guatemala City (1,500 m) seems
to indicate that the extended larval development to the infective stage would take
place in low percentages even at higher altitudes where night temperature drops far
below the developmental zero point (about 17 C). In such cases the developmental
period would probably require more than two weeks as suggested in Table 2. From
the epidemiological point of view, it appears of great importance that the duration
of extrinsic development of O. volvulus larvae in S. ochraceum varies considerably by
altitudes (i.e. with temperature conditions) within endemic areas. As already
reported by previous workers (Garms, 1975, Collins, 1979, and Garms and Ochoa,
1980) natural infection rates of S. ochraceum for third-stage larvae of O. volvulus in
Guatemalan endemic zones were variable ranging from 0.09-3.2%,. This would
be probably explained partially by the different speeds of larval development in the
vector simuliids and by the different longevities of the host insects within endemic
areas. In this connection it should be also pointed out that the increased probability
of simuliid’s survival at higher altitudes may be to some extent reduced by the
increased risk of exposure to natural hazards when the female oviposits and takes the
subsequent blood-meals. This is because more frequent gonotrophic cycles might
be repeated in the host blackfly before the larvae therein becomes infective at higher
altitudes than at lower or medium ones, since the duration of one gonotrophic cycle
is nearly the same — three days — even at higher altitude.
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THE FIRST RECORD OF HUMAN INFECTION WITH
DIPHYLLOBOTHRIUM CAMERONI RAUSCH, 1969
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Abstract: A diphyllobothriid cestode, which has been spontaneously expelled from a
57-year-old seaman at Fukuoka City, on December 1969, was sent to us for identification.
The appearance of yellowish-brown, thickset, complete strobila (about 600 mm in length)
was evidently different from usual forms of the known diphyllobothriid cestodes from
bhumans. It was tentatively reported as “‘another marine species of the genus Diphyl-
lobothrium from a man in Japan” (Kamo et al., 1978). After careful morphological
examinations it is now identified as Diphyllobothrium cameroni Rausch, 1969, which has
been found in a Hawaiian monk seal (Monachus schauinslandi) from Midway Atoll, Leeward
Island in the Pacific Ocean. In the relative position of the uterine pore, within the
genital atrium, and other morphological details, it agrees closely with Rausch’s description.
The discrepancies in dimensions of the seminal vesicle and egg size are probably attributable
to the considerably greater size of our specimen, which had grown well in larger space of
human intestine. Its eggshell surface observed by SEM exhibited the typical character-
istics (deep, numerous pits, with rough intervening surface) as the eggs of cestodes from
the marine habitat according to Hilliard (1972). It seems to be the first and unusual
case of human infection with Diphyllobothrium cameroni Rausch, 1969 (new Japanese name:
cameron retto jochu). The source of human infection is quite obscure.

INTRODUCTION

In such a country as Japan, where raw or undercooked marine fishes are an
important and traditional part of diet, it seems to be fairly strange that a diplo-
gonadic tapeworm, Diplogonoporus grandis has been the only known species from
human cases among various diphyllobothriid cestodes from marine habitat.

In order to explore such paradoxical situation, a review study of the so-called
broad tapeworm in Japan was initiated by Kamo et al. in 1972, suspecting the
occurrence of human infection with some kind of marine diphyllobothriids mistaken
for the common species, Diphyllobothrium latum.

Recently the evidence of human infection with a certain marine species of the
genus Diphyllobothrium was demonstrated by Kamo et al., 1977, and subsequently a
new marine species from a man was described as Diphyllobothrium yonagoensis n. sp.

1 This work was supported in part by Grant-in-Aid for Scientific Research from the Ministry of
Education, Science and Culture. 2 Department of Medical Zoology, Tottori University School
of Medicine, Yonago City, Japan. 3 Department of Environmental Medicine, Shimane Medical
Utiiversity, Izumo City, Japan. 4 Department of Parasitology, School of Medical Technology,
Kyushu University, Fukuoka, Japan,
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by Yamane et al., 1981.

In addition the authors, in 1978, briefly reported another Diphyllobothrium
species of marine origin which had been spontaneously expelled from a 57-year-old
seaman at Fukuoka City in 1969. The species was identified as Diphyllobothrium
cameroni Rausch, 1969, and its description is given here.

MATERIALS AND METHODS

The worm was preserved in 109, formalin solution, and then it was in a con-
tracted condition, which had been spontanecously expelled from a 57-year-old seaman,
H. U., who lives in Fukuoka City, Kyushu, Japan, on a day in December, 1969.
A whole mount preparation of some mature proglottids was prepared, staining in
Semichon’s acetic carmine. Serial sections of mature proglottids were also prepared
in horizontal, sagittal and transversal planes, staining in modified trichrome stain
solution. The eggshell surface was observed by the scanning electron microscopy.

OBSERVATION

Strobila muscular, yellowish-brown in colour; margins slightly serrate. Strobila
650 mm long with maximum width 9.5 mm, attained about 200 mm behind from
the scolex. Segments wider than long, with length increasing posteriad. Length/
width ratio of premature segments about 1: 12, of mature segments with maximum
width about 1: 8, and of terminal segments as much as 1: 2.5.

Maximum thickness of strobila 2.0 mm (Figs. 1, 2). Excretory system including

longitudinal and transverse ducts in parenchyma and numerous interconnected

Fig, | Whole body.
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Fig. 2 Proglottids (no staining).
A: 100 mm behind from the scolex, B: 200 mm behid, C: 300 mm behind,
D: 400 mm behind, E: terminal

ducts in cortical region. Innermost layer of longitudinal muscle fibres strongly
developed, as much as 0.5 mm thick. Scolex lanceolate, pointed at apex, 2.2 mm
long % 1.3 mm wide (lateral view)x0.96 mm thick. Bothria deep, extending full
length of scolex and diversing at apex; lips of bothria slightly rolled. Neck absent
(Fig. 8). Genital pore situated ventrally on midline at anterior margin of segment,
covered by velum of preceeding segment. Cirrus sac elongate, 0.515 mm long X
0.288 mm in diameter. Apex of cirrus sac attached dorsally by fibres confluent with
those of longitudinal muscle layer. Cirrus sac opening anteriorly into genital
atrium. Seminal vesicle elongate, 0.340 mm dorsoventral dimension by 0.247 mm
in diameter, situated posteriorly near dorsal end of cirrus sac, and connected with
latter by short duct. Subspherical testes numerous, arranged in one layer in lateral
fields (in irregular layer two to three deep in near central field). Vagina running
anteriad, then turning ventrad along posterior surface of cirrus sac, opening in
genital atrium immediately posterior to opening of cirrus sac. Bilobed ovary situated
transversely at posterior margin of segment dorsal to uterus; ovarian lobes extending
laterad beyond uterine loops. Vitellaria abundant, forming two lateral fields;
medial margins of vitelline (and testine) fields diversing posteriad, only slightly
overlapping ends of uterine loops and ovarian lobes. Uterine loops extending laterad
and anterolaterad, reaching level of anterior margin of genital atrium (Fig. 4).
When much distended with eggs, gravid uterus may extend posteriad into
adjacent segment. Uterus opening into posterior wall of genital atrium (Fig. 5).
Terminal portion of uterus thick walled, with valvelike structure near orfice. Eggs



202




203

Fig. 5 Sections of mature proglottids.

A, B: sagittal sections, showing arrangement of genital organs, C, D: cross sections, E:hori-
zontal section :

c: cirrus sac, ga: genital atrium, Im: longitudinal muscle layer, s: seminal vesicle, t: testis,
u: uterus, uo: uterine opening, vo: vaginal opening, vt: vitelline follicle

ellipsoidal, without apical knob, 45.9-56.7 i (avg 50.94-2.5) x 35.1-42.4 1 (avg
39.5-+41.5). Large (irregular sized), deep pits distributed densely on the surface of

Fig. 3 Scolex, dorsoventral (left) and lateral (right) view.
Fig. 4 Whole mount preparation. right: uterine field (larger magnification)
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Fig. 6 Eggs and egg-shell surface by SEM( < 5000).

eggshell (0.8-1.4 » thick in lateral) (Fig. 6).

Discussion

As described above our specimen from a seaman seems clearly to be identical in
almost all morphological details with the description of Diphyllobothrium cameroni
Rausch, 1969, which had been found from the Hawaiian monk seal (AMonachus
schauinslandi) collected at Midway Atoll, Leeward Islands. The discrepancies in
some values of measurements such as diameters of the seminal vesicle and egg sizes
are probably attributable to the considerably greater size of our specimen, which had
grown in larger space of human intestine.

The Hawaiian monck seal is distributed in lat. 20-30 N around the Hawaii
Islands, while its food habits still obscure according to Nishiwaki (1965). The
source of human infection with this worm is quite unknown, although it should be
found from some marine fishes as the common food between seal and human.
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Diphyllobothrium cameroni Rausch, 1969
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