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STUDIES ON THE SUSCEPTIBILITY OF BIOMPHALARIA
PFEIFFERI RUEPPELLII (DUNKER) AND B. SUDANICA
(MARTENS) TO SCHISTOSOMA MANSONI IN ETHIOPIA

YouicHi ITo!, HirosHI ITAGAKIZ AND TEFERRA WONDE3
Received for publication 30 April 1973

Abstract: Biomphalaria pfeifferi rueppellii and B. sudanica collected at various sites in
Ethiopia, were exposed to Ethiopian strain of Schistosoma mansoni. Striking differences were
observed in susceptibility of the two species of snail vectors to the Ethiopian strain. The
infection rate of B. pfeifferi rueppellii with S. mansoni ranged from 67 to 100 9,, while that
of B. sudanica was only 99%,. It appeared that B. pfeifferi rueppellii would serve as the
most important intermediate vector to §. mansoni in Ethiopia.

Two species of vector snails of Schistosoma mansoni, Biomphalaria pfeifferi ruep-
pellii (Dunker) and B. sudanica (Martens), are found in Ethiopia (Brown, 1964).
B. pfeifferi rueppellii is found throughout the plateaux in a wide variety of habitats,
and also in the small streams and temporary pools. On the other hand, the distri-
bution of B. sudanica is confined almost exclusively to the lake areas located in the
southern part of the Rift Valley.

Ayad (1956), Lemma (1969) and Ito et al. (1973) surveyed the foci of schisto-
somiasis mansoni in Ethiopia and concluded that the endemic foci of schistosomiasis
mansoni had a sporadic distribution. ;

It is contemplated that the distribution of vector snails and their susceptibility
to Schistosoma manson: play a significant role in the sporadic nature of the endemic
foci.

In the present study, two species of Biomphalaria snails from Ethiopia were test-
ed for their susceptibility to Ethiopian strain of S. mansoni.

MATERIALS AND METHODS

The present experiments were made in the Imperial Central Laboratory &
Research Institute, Addis Ababa.

Biomphalaria pfeifferi rueppellii and B. sudanica from Ethiopia were utilized for
the experiments. B. pfeifferi rueppellic was collected from several small streams mainly
along Asmara Road, while B. sudanica from the Lakes, Ziwai and Awasa (Fig. 1).

1 Dept. of Parasitology, National Institute of Health, Kamiosaki, Shinagawa, Tokyo, Japan. 2
Dept. of Parasitology, Azabu Veterinary College, Fuchinobe, Sagamihara, Japan. 3 Dept. of
Medical Zoology, Imperial Central Laboratory & Research Institute, P. O. Box 1242, Addis Ababa,
Ethiopia.
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Fig. 1 The map showing the places of snail collection in Ethiopia.

After breeding the snails in the laboratory for two months or more, snails were re-
moved to a beaker containing a small amount of water, and the beaker was placed
under an electric light to check the natural infection with the trematode cercariae
before the experiments could be undertaken. Only non-infected snails were used
for the present study.

A strain of Schistosoma mansoni from Ethiopia which was obtained from the stool
of an Ethiopian patient was used for the experimental infection. The Egyptian
strain of B. pfeifferi was exposed to the miracidia and then the mature cercariae were
inoculated intraperitoneally into white mice.

The mice infected with S. mansoni were killed 8 to 12 weeks after the infection.
Then small portions of the liver were examined under microscope for the presence
of ova and two or three infected liver fragments were used for the collection of eggs.
Liver was homogenized in a motor with cold water, and the suspension transferred
to a flask filled with cold water for the sedimentation. After sedimentation for 20
minutes the sediment was brought into a 500 m/ conical flask with water warmed
at 28-30 C for the hatching of miracidia. The flask was covered with strips of
black vinyl-tape except its top portion. The flasks were placed under a 100-watt
electric light bulb and within one hour the miracidia migrated to the surface so that
they could be used to infect snails. The miracidia were counted under dissecting



microscope, 300 miracidia placed into each of the beakers filled with 200 m/ tap
water kept at room temperature for 2 or 3 days, to which' 30 snails were placed in
each one of them. The beakers were maintained at room temperature overnight.
In the next morning, all snails were removed to an aerated aquarium operated by
small pumps. The snails were maintained in the aquarium for three months and
fed on cabbage leaves twice a week. At the end of a three month period, the snails
were dissected and examined for sporocysts and cercariae of Schistosoma manson:.

REesurTts aND DiscussioNs

A total of 410 Biomphalaria pfeifferi rueppellic and 490 B. sudanica were exposed
to Ethiopian strain of S. mansoni. The results which are summarized in Table 1,

TaBrLE 1  Susceptibility of Biomphalaria pfeifferi rueppellii and B. sudanica from Ethiopia
to Ethiopian strain of Schistosoma mansoni

Collecting sites . . No. of snails No. of snails No. of snails ~ Mortality
. Species of snails . .

of snails exposed examined  infected (%) (%)
Silinga River B. p. rueppellii 60 9 9(100) 85.0
Wolke River ” ” 60 4 4(100) 93.3
Keralu River ” ” 60 6 4(66.7) 90.0
Ajowa River ” ” 30 10 9(90.0) 66.7
Aegere River ” ” 70 4 4(100) 94.3
Damoto River ” ” 130 34 32(%4.1) 73.8
Total 410 67 62(92.5) 83.7
Lake Awasa B. sudanica 430 175 19(10.9) 59.3
Lake Ziwai B. sudanica 60 40 0 33.3
Total 490 215 19(8.8) 56.1

reveal that almost all B. pfeifferi rueppells collected from several areas encountered
were infected with §. mansoni; the infection rate of the snails collected from the Silinga
River, Wolke River and Aegere River was 100%, 90% of those from Ajowa River,
949% of those from Damoto River, and 67% of those from Keralu River were
found infected with S. mansoni. A large number of B. sudanica collected from the
Lakes, Awasa and Ziwai, however, remained non-infected with the Ethiopian
strain of S. mansoni, namely, 19 out of 215 (9%) of the examined snails were infected
with . mansonz.

Meanwhile, a lot of snails exposed to the miracidia died, and the mortality of
B. pfeifferi rueppellii ranged from 68 to 97% at the end of a three month maintenance
period. On the other hand, the mortality of B. sudanica ranged from 20 to 93%
and seemed to be slightly lower than that of B. pfeifferi rueppellii. The high mortality
might be caused by unfavorable conditions due to maintenance and infection of
the snails with S. mansonz.



Files and Cram (1949) reported that B. pfeifferi from Liberia was readily in-
fected with four strains of S. mansoni from Puerto Rico and Venezuela and the infec-
tion rate ranged from 38 to 65%. Malek (1962) described in his guide book that
both B. pfeifferi and B. sudanica served as the vector snails of S. mansoni in Africa. It
is apparent from this experiment that B. pfeifferi rueppellii and B. sudanica from
Ethiopia differ in their susceptibility to Ethiopian strain of S. mansoni; B. pfeiffer:
rueppellii could acquire infection, while only less than 10% of B. sudanica were
infected with that of S. mansoni from Ethiopia.

Wright and Brown (1962), Brown (1964) and Suzuki et al. (personal communi-
cation) assumed that B. pfeifferi rueppellii had ubiquitous distribution on the Ethiopian:
plateaux, while B. sudanica seemed to be confined to the lakes near and around the
Rift Valley. The authors also found that the distribution of B. sudanica was almost
limited to the Lakes, Ziwai and Awasa situated in the southern part of the Rift Valley,
Ethiopia.

These data indicate that B. pfeifferi rueppellii serves as the most important vector
snail to the Ethiopian strain of S. mansoni, while B. sudanica seems to be fairly resis-
tant to the latter.

It is hoped that comparative studies on the susceptibility of Biomphalaria snails
from the neighbouring countries to the Ethiopian strain of §. mansoni would shed
some light on this problem in the near future.
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SIMULIUM DAMNOSUM, NATURALLY INFECTED WITH
ONCHOCERCA VOLVULUS IN SOUTH-WEST ETHIOPIA*
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Abstract: The existence of onchocerciasis in Ethiopia, especially in its South-Western
Region was known. The naturally infected Simulium has not been reported in the region,
though there has been reported the existence of S. damnosum, S. woodi etc. which were
identified as the vectors of this disease in other parts of Africa. The authors obtained a
number of Onchocerca volvulus from S. damnosum collected by biting-catch method in the
field in August and November, 1971. Dissection was made on the 975 Simulium out of
about 1000 caught at the riverside of Gojeb and those caught at Didessa riverside. The
infection rate ranged from 10.2 to 12.99%, in the former and 20.0 to 40.6 in the latter. The
sausage type was most frequently found and the late stage type was detected in 119% of
Simulium. An evidence was given that §. damnosum is the main vector of onchocerciasis
in Ethiopia, since this species formed an absolute majority of the flies collected by biting
catch and no filaria was detected in the other species.

The existence of onchocerciasis in Ethiopia was initially ascertained in 1939
at Bonga, Kefa Province, and the collection record on Simulium damnosum was made
by the same author (Giaquinto, M. 1939).

Oomen, A. P. (1969) collected S. damnosum and S. woodi, and suggested that
S. damnosum might be the vector of this disease in the south-west Ethiopia surveyed.

Although S. damnosum has been incriminated to be one of the potential vectors
of onchocerciasis in Ethiopia, naturally infected S. damnosum has not yet been reported,
so far as we are aware.

In order to clarify the vector species of this disease, we visited the endemic area
of South-west Ethiopia in 1971, and made attempts to check infected adult black
flies. :

This paper is a brief report on the discovery of naturally infected S. damnosum
with Onchocerca volvulus in the area.

I The contents of this paper was preliminarily presented at the 24th Annual Meeting of the Japan
Society of Sanitary Zoology, Okayama, 3 April 1972. 2 Division of Pest Control, Japan Environ-
mental Sanitation Center, Kawasaki, Japan. 3 Dept. of Medical Zoology, National Institute of
Health, Tokyo, Japan. 4 Dept. of Medical Zoology, Kanazawa Medical University, Uchinada,
Ishikawa, Japan. 5 Dept. of Parasitology, Institute for Tropical Medicine, Nagasaki University,
Nagasaki, Japan. 6 Dept. of Medical Zoology, Imperial Central Laboratory & Research Institute,
Addis Ababa, Ethiopia.



(b)

(c)

MATERIALS AND METHODS

Date of the survey and collection sites (Fig. 1)

March 18-25, 1971: riverside of Gojeb, Kefa Province -

July 3l-August 15: riverside of Didessa and adjacent plateau 1 km from the
riverside, Ilubabor Province

November 15-18 : riverside of Gojeb and Didessa

Catching method for the adult black flies

Collection was made by two or three volunteers seated on a rock or the ground

at the individual sites. ~ All the black flies settled on the naked parts of the body

were caught using a sucking tube every 30 minutes from sun rise to sun set.

Treatment and dissection of the flies

Collected flies were anesthetized with ether and, in every 60 minutes, were

gathered in batches in one small glass tube. After identification, the flies were

dissected in a droplet of physiologic saline solution on a slide glass under a diss-

ecting microscope in order to find the parasite.
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Fig. 1" Map of Ethiopia showing the rivers where S. damnosum were collected.



REsuLTs

As shown in Table 1, the infection rate of S. damnosum with the larvae of O. vol-
vulus ranged from 20.0 to 40.6% at the several collection sites in Didessa area and
ranged from 10.2 to 12.9% at the Gojeb riverside. The other species of black fly
had not been found to be infected with filarial worms.

TaBLe | Number of the naturally infected Simulium damnosum with the filarial worm, Onchocerca volvulus

Gojeb Didessa
riverside B riverside plateau
Mar. 24 Nov. 18 Aug. 13 Nov. 15 Aug. 15
No. flies collected 85 127 726 5 32
No. flies infected 11(—) 13(8) 237(96) 1(0) 13(4)
Infection rate 9%, 12.9 10.2 32.6 20.0 40.6
m — 2 12 0 2
& 5
= 5 s — 3 116 1 6
- 2
8 2 4 1 — 7 64 0 3
(8] 7]
g8 8
w 3 m+1 — 0 2 0 0
s & s+1 — 1 29 0 0
Z = m+s+1 — 0 1 0 1

* Stage type of the larvae
m: microfilaria type
st sausage type
1: late stage type
—: each stages not checked
Parenthesis: total flies possessing late stage type worm

In adult S. damnosum dissected, all the three developmental stages of O. volvulus
i.e., microfilaria type, sausage type and late stage type were found. Of these three
types, the sausage type was most abundant and this was followed by the late stage
type and then microfilaria type. Finding the black flies possessing the late stage type
is especially important from the epidemiological viewpoint.

In August 1971, at the Didessa riverside, out of 237 infected S. damnosum, 96
harboured the late stage worms. The body length measured ranged from 300
to 700p.

Regarding the frequency of harbouring worms in one dissected fly, usually only
one type was recognized. In a few case, however, two or three types of filarial larvae
were simultaneously found.

The highest number of the sausage type larvae recognized was 51, while that of
the late stage type, 17.

Some smeared specimens were identified as the larval stage of O. volvulus by
Dr. R. L. Muller, of London School of Tropical Medicine and Hygiene.
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Discussion

It has been already known that onchocerciasis is endemic in South-west Ethiopia
(Cohen, L. B. 1960, Oomen, A. P. 1969, Iwamoto, I. et al. 1973). There is a general
agreement that S. damnosum and S. neavei complex are the main vector of onchocer-
ciasis in many tropical regions in Africa (De Meillon, B. 1957). Oomen, A. P.
(1969), in particular, collected S. damnosum and S. woodi, and postulated that S.
damnosum might be the vector of onchocerciasis in Ethiopia. Ogata, K. et al. (1970)
reported that they collected seven anthropophilic Simulium species in Ethiopia and
S. damnosum was recognized as the most common one.

Through our study, naturally infected S. damnosum with Onchocerca volvulus was
abundantly found in natural population, whereas the other black fly species were
found free from filarial larvae.

Thus, the present study brings an evidence that S. damnosum is the main vector
of onchocerciasis in South-west Ethiopia, yet no possibility is denied if onchocerciasis
could also be transmitted by the other Simulium species in this area. It is hoped that
further studies will throw more light on this problem.
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QUANTITATIVE STUDIES ON THE EMERGENCE
OF ONCHOCERCA VOLVULUS MICROFILARIAE
FROM SKIN SNIPS

Isao Tapal, Isao IwamoTo2 AND TEFERRA WONDE3
Received for publication 19 July 1973

Abstract: The authors made studies on the emergence of 0. volvulus microfilariae from
skin snips in order to assess accurate MFD in onchocercal infections from quantitative view
point. The results obtained are as follows: Skin snips should not be teased into small
pieces, but the intact snips should be incubated for a longer period than the teased ones.
The distribution of microfilariae in a minute skin area is quantitatively even in most cases.
This finding suggests the usefulness of this method to compare MFD of the adjacent skin
regions to each other. However, the comparison of MFD with extremely different-sized
snips should be avoided. There were no significant changes in MFD by warming skin
surface.

For the diagnosis of human onchocerciasis, the skin snip method has been widely
used as an essential and standard method. During a period of epidemiological sur-
vey of onchocerciasis in Ilubabor Province, Ethiopia, the present authors attained
the conclusion that the microfilaria density (MFD) of skin snips obtained was highly
affected by the teasing process and incubation time. For example, when the biopsies
were teased by the technique recommended by several previous workers, there were
some microfilariae which were still migrating out from the newly cut surface of the
fragmented tissue 15 to 20 minutes after incubation. Small numbers of microfi-
lariae newly released were observed from time to time by additional incubation.
Furthermore, many microfilariae were found torn into small pieces so that they
were immobile. These findings suggested the possibility that the teasing process
caused mechanical damage to the microfilariae in the biopsies. This process natural-
ly might lead to an inaccurate MFD. It was inconvenient for the authors to assess
the densities of microfilariae under several chemical stimulants, unless a standard
method was established. For this reason, the authors made quantitative studies
on the emergence of Onchocerca volvulus microfilariae from skin snips in order to es-
tablish a standardized method for the skin snips which could be of epidemiological

1 Dept. of Medical Zoology, Faculty of Medicine, Kagoshima University, Kagoshima, Japan (Pre-
sent address: Dept. of Medical Zoology, Kanazawa Medical University, Uchinada, Ishikawa, Japan).
2 Dept. of Parasitology, Institute for Tropical Medicine, Nagasaki University, Nagasaki, Japan
(Present address: Dept. of Internal Medicine, in same Institute). 3 Dept. of Medical Zoology,
Imperial Central Laboratory & Research Institute, Addis Ababa, Ethiopia.

The present work was supported by a research grant from the Imperial Central Laboratory & Research
Institute of Ethiopia and the Overseas Technical Cooperation Agency of Japan.
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and experimental importance.

MATERIALS AND METHODS

In Abdella, Ilubabor Province of Ethiopia, the experiments were performed,
the first one in August and the second in November, 1971. Our preliminary sur-
vey with skin snippings revealed that the microfilaria rate was 80.7%, in male adults
from this village. Volunteers were then picked among these adults and brought
to the Dabana Missionary Station for the experiments.

All of the experiments were undertaken at room temperature; in August, it
ranged from 18.0 to 23.0 C., and in November, from 17.5 to 21.5 C.

Every skin snip was taken from the left buttock of volunteers with a needle and
a surgical blade. The detailed technique to obtain the skin snip was described by
Duke (1962). When multiple snips were needed from one volunteer, every snip
was taken 1 cm apart from the others. Thereafter, skin snips were placed into
drops of physiological saline on slides.

The slide was then placed in an optical apparatus which magnified and project-
ed the shape of the skin snip on a piece of paper put on the top of the apparatus.
The area of the skin snip was obtained by counting the number of smallest sections
(1 mm?) encircled by the outline of the projected biopsy. One square millimeter
of the actual skin snip area was equivalent to 49 mm? on the paper. The precise
area of the biopsy was obtained by calculation in mm2. The measured snips in
physiologic saline were incubated at room temperature for a determined time and
were transferred to the saline on the next slide carefully with a small forceps. This
process was repeated continuously. The number of microfilariae which were left
behind was immediately counted under 50 X magnification of a binocular microscope.
The microfilaria density (MFD) was calculated by dividing the total number of
microfilariae which were released from one snip by the individual snip area in mm?2,

The microfilariae found from these volunteers were identified as those of On-
chocerca volvulus from the morphological feature of the stained specimens and from
the measurement of its anatomical landmarks (Iwamoto et al., 1972).

REsuLTs

1. The effect of teasing the skin snip on the emergence of microfilariae

Three snips were taken from each of the 6 volunteers (from T-1 to 6). The
first snip was torn into small pieces with needles for about 30 seconds (snip P), the
second one, coarsely torn into two pieces (snip M) and the third one (snip G) was
not teased. Skin snips were then incubated for approximately 22 hours and the
MFD obtained is shown in Table 1. The result of this experiment has been already
reported in a brief article by the present authors (Tada et al., 1973). The highest
MFD is seen almost in snip G. On the other hand, the snips P, which were torn
into small pieces due to the previously recommended technique released less
microfilariae than the others. When the highest MFD from 3 snips is described
as 1.00, the relative MFD of the other two snips are calculated by proportions.
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The relative MFD in average is as follows: 0.92 in snip G, 0.79 in M and 0.50
in P, respectively. In contrast to the method recommended by various previous
researchers, the present data clearly show that skin snips should not be torn into
pieces to assess the accurate MFD.

TaBLE 1 The effect of teasing the skin snips on the MFD

MFD
‘Snip type*
G M P
Case No.

T-1 16.6 27.3%* 17.4
(0.61)%** (1.00) (0.64)

T_9 11.8 10.7 6.4
(1.00) (0.91) (0.54)

T_3 21.2 11.7 9.1
(1.00) (0.55) (0.43)

4.0 4.5 1.6

T4 (0.89) (1.00) (0.36)

T—5 111.9 84.7 89.6

(1.00) (0.76) (0.80)

T—6 46.1 23.7 10.8

(1.00) (0.51) (0.23)

Average of the

relative MFD 0.92 0.79 0.50

(6 cases)

* Snip type: G, non-teased; M, coarsely teased; and P, teased into small pieces
*#* The under-lined count shows the highest MFD among the 3 snips from the same in-
dividual
*** Relative MFD: When the highest MFD of a snip among the 3 snips is determined
as 1.00, the relative MFD of the others is obtained by proportional calculations

In this experiment, as shown in Table 2, the number of microfilariae released
were counted right from the beginning every 20 minutes to 120 minutes, and every
60 minutes from 120 to the end of the incubation. The end of incubation ranged
from 8 to 22 hours depending on the emergence of microfilariae from individual
snips. The table shows the cumulative percentage of microfilariae from 3 types
of snips in association with the incubation time while cumulative percentage of micro-
filariae was apparently the lowest in snip G at any incubation time. For example,
snip P released almost 909%, of microfilariae in average at 80 minute incubation,
while only 67.6%, of microfilariae emerged from snip G in average. This fact does
not contradict the above mentioned conclusion that skin snips should not be teased,
but it may indicate that the living microfilariae would emerge easily and quickly
within a short time from the teased snips. But it should be also beared in mind
that teased skin snips could lead to a wrong conclusion. The teasing would hinder
the accurate MFD of each skin snip by causing mechanical damage to the microfi-
lariae in the skin.
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TaBLe 2 The effect of teasing on the recovery rate* of microfilariae in individual snip
types arranged by incubation time

Cumulative percentage of microfilariae released
from skin snips (average of 6 cases)

Incubation Snip type**
time (min.) G M P
20 36.2 50.4 61.4
40 50.0 65.5 76.1
60 60.1 77.0 84.0
80 67.6 81.8 89.7
100 72.0 85.6 92.3
120 75.6 88.9 94.2
180 84.6 93.8 - 96.0
240 86.9 96.5 99.1
300 91.7 97.1 99.4
360 93.4 99.1 99.9

*  Recovery rate (in percent): The ratio of microfilaria count at individual incubation
time to the total count of microfilatiae obtained from the identical snip
**  Snip type: as shown in Table 1

From this experiment, it is concluded that skin snips should not be teased, in
particular for the quantitative assessment of MFD in human skin.

2. The distribution of microfilariae in the skin

To assess the changes in MFD for some quantitative studies, the distribution
of microfilariae should be even in some small skin regions. Based on this viewpoint,
the authors examined if the microfilariae were evenly distributed in minute skin
regions or not by comparing the MFD of 3 skin snips from each of 8 volunteers
(from N-1 to 13). The skin snips were taken in a triangular shape, 1 cm apart from
each other from the left buttock of volunteers. Those snips were then incubated
for 24 hours and the individual MFD obtained and the average MFD and percentage
deviation of the individual MFD of three snips from the average one are shown in
Table 3. The MFD of 3 different snips highly coincided with each other in most of
the cases examined. Fig. 1 clearly shows that in case of the subjects whose MFD
are below 10, the maximal measurement error of MFD is 209, or more. On the
other hand, the error is markedly reduced in proportion to the increase of the average
MFD. For this reason, it is quite appropriate to use volunteers whose MFD is 20
or more for the purpose of quantitative studies in order to minimize the measurement
error within 109,. In this experiment, however, the MFD of case N-8 unexpected-
ly fluctuated notwithstanding its proper MFD in its average. This finding may sug-
gest the rare presence of uneven distribution of microfilariae even in closely adjacent
skin regions. However, generally speaking, in onchocercal infections, it may be
concluded that the MFD is uniform in small skin regions.
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TaBLe 3 Comparisons of the MFD in minute skin regions

Difference of individual MFD

Case Snip Snip area Mf* count MFD Average from the average one
No. No. inmm? per snip (%) MFD (M)

Difference in Difference in
MFD (x—M) percentage**

N-1 1 7.37 256 34.74 36.34 —1.60 —4.40
2 6.49 238 36.67 +0.33 +0.91
3 6.94 261 37.61 +1.27 +3.49
N4 1 8.43 189 22.42 22.08 +0.34 +1.54
2 7.47 164 21.95 —0.13 —0.59
3 6.08 133 21.88 —0.20 —0.91
N-5 1 5.59 127 22.72 21.25 +1.47 +-6.92
2 6.45 123 19.07 —2.18 —10.26
3 6.24 137 21.96 +0.71 +3.34
N-6 1 5.49 230 41.89 42.83 —0.94 —2.19
2 3.94 172 43.65 +0.82 +1.91
3 5.33 229 42.96 +0.13 +0.30
N-8 1 5.02 201 40.04 54.69 —14.65 —26.79
2 3.86 192 49.74 —4.95 —9.05
3 5.02 373 74.30 +19.61 +35.86
N-9 1 5.16 278 53.88 55.20 —1.32 —2.39
2 4.18 237 56.70 +1.50 +2.72
3 6.16 339 55.03 —0.17 —0.31
N-10 1 6.18 53 8.58 9.01 —0.43 —4.77
2 3.61 27 7.48 —1.53 —16.98
3 3.65 40 10.96 +1.95 +21.64
N-13 1 7.29 174 23.87 27.28 —3.41 —12.50
2 7.55 221 29.27 +1.99 +7.29
3 6.69 192 28.70 +1.42 +5.21

* Mf: microfilaria

M
among the 3 snips was regarded as the measurement error and graphically shown in Fig. 4

** Difference in percentage: ad % 100(%). The highest absolute value of the percentage

3. Relation between incubation time and the emergence of microfilariae

The authors tried to examine the relation between incubation time and the emer-
gence of microfilariae in non-teased skin snips, which were taken from 4 persons
whose MFD was as follows: 272.0 in Tm-1; 63.2 in Tm-2; 160.6 in Tm-3; and
22.0 in Tm—4 cases, respectively. Each fresh skin snip was quickly transferred
successively to the next slide at intervals of 1 minute during the incubation period
ranging from 1 to 20 minutes, and then at 60 minute intervals from 1 to 6 hours.
The size of the skin snip was measured after 20 minute incubation in this experiment.
The skin snips were incubated for 19 to 30 hours until no more microfilariae were
observed. In the experiment which was performed in August, only a single skin
snip was examined which was taken from 4 volunteers. Fig. 2 shows the emergence
of microfilariae from a single skin snip during an incubation time ranging from
one to 360 minutes. In November, however, a similar experiment was repeated
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Fig. 2 The emergence of microfilariae from the skin snips of 4 volunteers (fromTm-1 to 4).

by using 3 snips from one volunteer to check the previous result. The result of the
latter experiment is shown in Table 4 (group N), in which the transfer of skin snips
was made 7 times in the whole incubation only to see the general tendency of the
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TaBLE 4 The emergence of 0. volvulus microfilariae from skin snips

The average cumulative percentage of microfilariae

Incubation released
time (min.) group T* group N** .
(6 cases) (8 cases)
I5 - 21.4
20 36.2 _
30 — 35.3
40 50.0 _
60 60.1 46.2
80 67.6 _
100 72.0 _
120 75.6 56.5
180 84.6 66.8
240 86.9 72.6
300 91.7 78.3

360 93.4 —

* group T: volunteers examined in experiment |
** group N: volunteers examined in experiment 2

microfilarial emergence. This table also shows similar observations made in the ex-
periment 1. All of these experiments revealed similar results. In contrast to the
results reported by Duke (1962) and to the recommendation by WHO (1966), the
emergence of microfilariae from non-teased skin-snips was more prolonged than
expected. In the first experiment, the recovery rate of microfilariae at 20 minute
incubation revealed that 66.99, in Tm-1, 53.6% in Tm-2, 71.5%, in Tm-3 and 84.99,
in Tm—4, respectively. In the experiment carried out in November, however, only
35.3%, of the total microfilariae were released by 30 minute incubation. On the
contrary, the third series of experiments were quite similar to the results of the first
one. From these findings, it can be concluded that skin snips should be incubated
for at least 5 to 6 hours at a temperature of about 20 C to assess the accurate MFD.
From a practical view point, however, it is inconvenient to incubate skin snips for
such a long time for the mass examination of human onchocerciasis.

In August, 1971, the authors examined the inhabitants in Dedessa, Ilubabor
Province of Ethiopia. Thirty-three microfilaria positives were found out of 54 cases
examined with 15 minutes of incubation using the non-teased snip method. Then
the skin snips from 21 negatives left were incubated again for 45 minutes longer.
Three new positives with a low MFD were found from these negative cases. This
fact may also suggest the importance of a longer incubation even for the epidemiolo-
gical and routine examinations of onchocerciasis to pick up positives with low MFD.
Incubation for 1 hour may satisfy the practical purpose of mass examinations when
unteased snips are used.
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4. Relation between skin snip size and MFD

From each of 5 volunteers (from S-1 to 5), 3 adjacent skin snips of different size
were taken to compare the MFD. The authors called the largest snip L, the smallest
one S, and the medium one M from their relative difference in size. In this ex-
periment, L, M and S meant the relative size of biopsies taken from the same person.
The actual size in mm? is seen in Fig. 3. The skin snips were incubated for 8 to 29
hours depending on the emergence of microfilariae. The MFD of each skin snip
among the different sizes obtained is also shown in Fig. 3. This experiment clarifi-
ed that the highest MFD was usually seen in the snip whose area ranged from 5 to
8 mm?. This finding suggests that one should not compare the MFD of skin snips
of extremely different size with each other.

1.001

=]
o
=
]

Relative MFD

0.00 Y T T T ' T T Y T l T T 4 ¥ |

Area of skin snips ( uun2 )

Fig. 3 Relation between skin-snip size and MFD.

5. The effect of warming the skin surface on MFD

Rodger (1957) reported that when the surface temperature fell, microfilariae
tended to move more deeply into the dermis. This phenomenon will apparently
cause the reduction of MFD in the epidermis. Nelson (1970) stated that in East
Africa it had been common practice to apply hot water bottles to the skin to encourage
microfilariae to migrate to the superficial layer. These reports seem to indicate that
the microfilariae are sensitive to changes of environmental temperature. However,
according to the latter author, there are no data to substantiate the validity of this
technique. When MFD of the skin is actually increased by warming, the warming
technique may have diagnostic validity. In order to assess this point, the present
authors examined the MFD of positives before and after warming the skin surface.

The left buttock of volunteers (from N-14 to 20) were covered with a sheet of
black-colored polyvinyl immediately after the first snip was removed to exclude the
effect of light. The sheet was then heated indirectly by an electric bulb (500 W)
about 50 cm apart. The temperature of the sheet was kept at 41 C by adjusting
the distance between the bulb and the buttock. The second snip was taken adjacent
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to the first one after 15 minutes of warming. The MFD of the two skin snips obtained
before and after heating were calculated and compared. The result is shown in
Table 5. In cases N-14 and 15, MFD was markedly reduced after warming. On

TasLe 5 The effect of warming the skin surface on the MFD

Case No. N-14 N-15 N-16 N-17 N-18 N-19 N-20

First snip*

ED (MFDa) 34.69 21.13  84.28 13.14 31.67 37.61 24.76

Second snip**

(MFDb) 22.99 12.18  88.93 21.69 40.11  38.54 30.41
Difference in MFD —11.70 —8.95 +4.65 +8.55 4-844 4093 +5.65
Difference in
percent*** —33.7 —424 455 +65.1 +26.7 +2.5 +22.8

* before warming
** This snip was taken 1 cm. apart from the first one, 15 minutes after the beginning of

the incubation.

MFDb—MFDa
ek 0
MFDa % 100(%)

the other hand, the MFD significantly increased after warming in cases N-17, 18
and 20. No significant changes were observed in cases N-16 and 19. From this
brief experiment, it is not easy to reach a final conclusion whether the behavior of
the microfilariae was constant or not after warming the skin.

DiscussioN

In onchocerciasis, teasing of the skin snips has been adopted by most of the pre-
vious workers for the quick detection of microfilariae. According to Duke (1962)
it was thought essential to tear the snips with needles so that all the contained micro-
flariae could be freed. He observed about 90%, of microfilariae had come out
from skin snips after 5 minutes and constant total counts had been obtained at 10—
15 minutes. In case of animals infected with Onchocerca gutturosa, Nelson et al (1966)
showed that many of the microfilariae failed to emerge into the saline unless the skin
snips were teased. Lagraulet et al (1967) also lightly teased the biopsies with 2
needles and examined them after 10 minutes of incubation. In contrast to the above
quoted results, as the result of the present study shows, the teasing procedure mecha-
nically damaged microfilariae in the skin and caused a reduction in the MFD.
This suggests that when the unteased skin snips are incubated for 5 to 6 hours, an
accurate MFD will be obtained. Therefore, the present authors conclude that as
far as the recovery rate of microfilariae is concerned, torn snips reveal poor and in-
accurate MFD.

Some workers did not consider the individual MFD as reliable. Rodger and
Brown (1957) used IDF (Individual density figure) and DQ (Density quotient)
based on the known anatomical distribution of the microfilaria population and not
on microfilaria counts. Because the MFD was shown to be subject to wide variations
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in the same site from day to day. Duke (1968) used multiple weighed skin snips
to assess the concentration of microfilariac. As microfilariae are not evenly dis-
tributed all over the body surface, it seems preferable to use those methods to assess
the density of infections. At the same time, it will be necessary to assess the accurate
MFD of small skin regions depending on the nature of experiments, such as the
effects of treatment, physical and chemical stimulation. Experiment 2 shows that
the microfilariae are evenly distributed in small skin areas. This finding may help
in the future to perform quantitative studies on the changes in MFD under different
conditions.

According to Duke (1962), although the MFD of adjacent snips is usually approxi-
mately constant, the assessed densities might vary by as much as 1: 3 because of the
occurrence of pocketing of microfilariae. This is reasonable because the presence
of nodules and/or adult worms would disturb the even distribution of microfilariae
in the skin. An uneven distribution of microfilariae was also reported in the case
N-8 by the present authors. This fact, however, might not indicate the unreliabili-
ty of MFD because of its rare occurrence. The use of multiple unteased snips will
diminish the possible errors of this kind and reveal accurate MFD.

In the present study, the authors did not weigh the skin snips, but measured
their surface area. There are apparently some advantages in measuring the area
of skin snips: 1) The snip is easily measured in a few drops of saline on a glass slide.
This enabled us to avoid time elapsing which frequently causes snips to dry before
weighing. 2) The apparatus is easily transferred. On the other hand, in case of
weighing, it needs electricity and some adjustment. This is impractical in rural
areas. 3) When skin snips are taken almost in a constant thickness, it is considered
that the MFD reflects exclusively the 2-dimensioned distribution of microfilariae.
This solved one of the inconveniences which are frequently shown in weighing snips
that a thin broad biopsy might weigh the same as a narrow deep one which was stated
by Rodger and Brown (1957). Lagraulet and Bard (1969) also preferred an estima-
tion of density based upon surface area, because according to them, this method
has a theoretical advantage over a method based upon weight of a biopsy which
may include some tissue beneath that part of the upper dermis. According to Rodger
and Brown, the weighing of biopsies of such small pieces of tissue, the rate of drying
in tropical climates and the time elapsing before weighing might all be probable
sources of error. The measurement of the surface of skin snips with irregualr outline
is somewhat more difficult than weighing them. However, as shown in the experi-
ment 2, this method enabled us to get almost equivalent MFD of some biopsies in
minute skin regions. For these reasons, mentioned above, in order to be able to
follow the changes of MFD in several experiments, the present method is considered
to be of value.

As to the size of skin snips, Duke (1962) used bloodless circular or oval snips
about 3-5 mm in diameter and weighing 1-4 mg from volunteers for the skin snip
method. Further, Duke et al (1967) concluded that the concentration of mf/mg
was independent of the weight within the range from 1 to 3 mg snips based on the
examinations of 360 skin snips. In the experiment 4 of the authors, who examined
the relation between the size of skin snips and their MFD, the skin snips whose sur-



23

face area ranged from 5 to 8 mm? were considered best. It can be speculated that
all the microfilariae will not migrate out in an extremely large snip due to mechani-
cal factors. In extremely small snips, the relative area of the epidermis where micro-
filariae are usually present might be reduced in comparison with the whole area of
the skin snip. Furthermore, the vertical distribution of microfilaria population and
the thickness of skin snips seem to have affected MFD of biopsies in different sizes.
To overcome this kind of obstacle, the use of a skin punch method (Lagraulet and
Bard, 1969) might solve the problem.
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Abstract: A comparative study on dermal tissue and enlarged inguinal lymph nodes from
subjects infected with O. volvulus is presented and the histo-pathological findings are
discussed. The present data indicate that there could be causal relationship between
onchocerciasis and elephantiasis in South-west Ethiopia, endemic focus of the onchocercal
disease. The authors drew particular attention to the non-filarial etiology reported by
other investigators in Ethiopia and assessed the two contradicting views known as the non-
filarial and filarial etiology of elephantiasis.

It is a well established fact that onchocerciasis is endemic in South-west Ethiopia
(Cohen, 1960, Oomen, 1969, Iwamoto et al, 1972 and Tada et al, 1972). The au-
thors observed many cases of elephantiasis, in particular that of the lower legs, in peo-
ple suffering from onchocerciasis. Although Oomen (1969), Price (1972) and Heather
and Price (1972) concluded that in Ethiopia filarial infection could not be the cause of
elephantiasis, the present authors tried to investigate the possible causal relationship
between onchocerciasis and elephantiasis. Then the inguinal and femoral lymph
nodes of many people whose skin-snips released O. volvulus microfilariae were found
palpable and quite often enlarged in most cases. In this paper, the histo-path-
ological findings of the dermis and inguinal lymph nodes containing onchocercal
microfilariae are presented and onchocerciasis as a potential etiology of elephantiasis
is discussed.

MATERIALS AND METHODS

Enlarged inguinal lymph nodes were taken from 10 subjects whose skin snips from
the buttocks and legs freed numerous onchocercal microfilariae. Inguinal nodes
from affected limbs 6, palpable inguinal lymph nodes from clinically normal scrotum
and limbs 3, and one inguinal node from a patient with scrotal elephantiasis. ~All
surgically removed inguinal nodes were fixed in 10%, formalin, embedded in paraffin
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and cutat 5 to 8. Slides from each were stained with hematoxylin and eosin.
Skin snips from the same patients with microfilariae of O. volvulus were also sectioned
for histo-pathological and comparative studies as described above.

REsuLTs

Out of 10 inguinal lymph nodes surgically removed from subjects with onchocer-
ciasis infection, 9 were positive for the larval filariae of O. volvulus. Lymph node
material with microfilariae is shown in Figs. 1 and 2.

The criteria for the identification and differentiation of onchocercal microfi-
lariae from those of other filarial spp. are described by the authors in another paper
which is under preparation. The tissue section of the lymph nodes shows an exten-
sive fibrosis entangling a large part of the medullary cords and a portion of peripheral
lymphoid follicles with remarkable and wide obliteration of sinusoid spaces.

In the fibrotic lesion, blood capillaries are markedly congested and small arteries
are surrounded by dense lamellar fibrosis known as “onion-skin’* appearance. Dif-
fuse infiltration of chronic inflammatory cells such as lymphocytes and plasma cells
as well as eosinophiles and occasional multinucleated giant cells are seen. There
are a considerable number of microfilariaec embedded within the perivascular areas
of the fibrotic lesion. The remaining part of the medulla being not severely collage-
nized reveals enlarged reticulum cells and many plasma cells. Lymphoid follicles
show enlarged germinal centers.

Despite numerous microfilariae in the dermal tissuc as seen in Figs. 3 and 4, no
typical inflammatory reaction around the parasites is present. Perivascular lympho-
cytic infiltration is observed while eosinophiles are absent.

Discussions

Cohen (1960), Oomen (1969), Price (1972) and Heather and Price (1972) exclu-
ded the possibility of filarial etiology of elephantiasis in Ethiopia. They reported
that both adult and larval filariae were absent from the areas investigated. Further-
more, Heather and Price (1972) reached the conclusion that silicates “play a signifi-
cant part in establishing conditions favourable for the development of swollen leg,
even possibly providing the trigger mechanism for the onset of filarial elephantiasis”.

In contrast to the hypothesis quoted above, as indicated in Figs. 1 and 2, the pre-
sent authors detected a number of onchocercal microfilariae in inguinal nodes. The
extensive fibrosis, diffuse infiltration of lymphocytes, plasma cells, fairly large number
of eosinophiles and multinucleated giant cells seem to be caused by the microfilarial
invasion. In other words, the cellular reaction could be interpreted as a response
to the parasitic infection. The absence of the inflammatory reaction of cellular ele-
ments in the dermal tissue around the microfilariae is also a common phenomenon
in other filarial infections which is not yet clearly understood. Connor et al (1970)
observed also only scattered eosinophilic leucocytes in the pretreated skin specimens.

There is a general consensus that the larval and adult stages of O. volvulus are
only restricted to the dermal and subcutaneous tissue. The presence of numerous
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onchocercal microfilariae in the inguinal lymph nodes with and without clinical mani-
festations shows that this opinion needs a revision.

It is quite evident that the organisms migrate from the dermis and subcutis
to the lymphatic system and cause histo-pathological changes described by other
researchers (Connor et al, 1970) and present authors. The finding of microfilariae
in the inguinal lymph node of a patient with scrotal elephantiasis indicates also
the causal relationship between onchocerciasis and elephantiasis.

According to the anatomical landmarks of onchocercal microfilariae described by
Iwamoto et al (1972), those of W. bancrofti are excluded in the present study. Further-
more, the examination of the peripheral blood taken by day and night interval gave
also repeatedly negative results. It is worthwhile to note that McConnel (personal
communication) recently found W. bancrofti infection in Gambella, one of the endemic
foci of onchocerciasis. This finding, however, does not contradict the present one.
Ouzilleau (1913), Dubois (1916) and Dubois and Forrow (1939) already reported
elephantiasis of scrotum and legs in association with onchocerciasis. Sharp (1926)
described also hydroceles, enlarged testes and lymphatic enlargement of thes crotum
in patients infected with O. volvulus. Further, Connor et al (1970) reaffirmed the
probable interaction between onchocerciasis and elephantiasis in Bussinga Ubangi
territory of Zaire.

Our studies discussed above with those of previous authors suggest that O. vol-
vulus could be regarded as one of the potential causative agents of elephantiasis in
South-west Ethiopia, especially where onchocerciasis is mesoendemic.

We also do not deny that silicate particles observed in macrophages of inguinal
nodes by Heather and Price (1972) might possibly cause elephantiasis, although we
did not yet pay attention to the problems concerning the trace elements. In other
words, nonfilarial elephantiasis in Ethiopia could not yet be excluded. We are also
aware of the fact that detailed investigations such as lymphangiography and others
should be performed in the near future before reaching a final conclusion that O. vol-
vulus is the etiology of elephantiasis in the regions surveyed.
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Fig. 1 and 2 Microfilariae shown in the inguinal lymphnodes from 2 elephantiasis
patients (Abdella, Tlubabor Province, Ethiopia).

vig. 3 and 4 Microfilariae shown in the dermal tissue from 2 onchocerciasis patients
(Abdella, Iubabor Province, Ethiopia}.
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zEHateruma Is.
(type 11)

Taiwan

T types of hemolytic streptococci isolated

from main island and Ryukyu islands
in Japan.

TasLeE 1 Incidence of hemolytic streptococci from throat culture among primary and

secondary schoolchildren

Year Number Group A Total Str. Dominant
Exmined (%) (%) T-Type
1969 145 22 (15.2) 38 (38.2) 12
FFEEEyO) 1970 188 36 (19.2) 47 (25.0) 12
1971 176 35 (19.9) 44 (25.0) 12
o 222 90 (40.5) 135 (60.8) 11
fﬁ’;ﬁi‘;’ﬂf }3{; 332 83 (25.0) 145 (43.7) 1
2z 112 58 (51.7) 70 (62.5) 11
Is(}f{%ii‘yu) oz 110 39 (35.4) 56 (50.9) 1
197
K(%ukyu) Marzh 7 41 (53.2) 55 (71.4) 12
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TaBLE 2 Incidence of heart disease, rheumatic fever history, and high ASO titer
among primary and secondary schoolchildren

Year Number CHD RHD RF History | *High ASO
Examined (%) (%) (%) (%)

Fuck 1969 16.162 50 (0.31) 2 (0.01) 86 (0.53) 14/140 (10.0)
uchu

(Tokyo). - | 1970 18.187 47 (0.25) 3 (0.01) 32 (0.18) 9/132 (6.8)
o 1971 19.300 44 (0.23) 2 (0.01) 22 (0.11)  25/159 (15.7)
Hateruma

(Ryukyu) 1971 334 2 (0.60) 0 ? 10/273 (3.7)
Koza

(Ryukyu) 1971 2.200 2 (0.09) 4 (0.18) ? ?

* over 333 Todd Unit

1972

March

1970
I 1971
July
1969 22
12
9
> | 2 [ 2 g 1971
GROUP| A ABCG
3 8 March
TYPE|| 3 7%, 4 6 12 18 222760T
( A Primary and Secondary School Tyoo T 34 9 I T2 1314 22 23 %, %, %es T Total
in Fuchu) Group A ABCDGSP

Fig. 2 Group and type of hemolytic streptococci Fig. 3 Group and type of hemolytic streptococci
from throat culture in Fuchu (Tokyo). from throat culture in Hateruma (Ryukyu).

1972 23 %

1972 %

March
(Ishigaki)

% X7 e
Type || 3 4 6 9 11 1214222328>%, UT
Group A

Fig. 4 Group and type of hemolytic streptococci from throat culture in Ryukyu Is.
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EPIDEMIOLOGY OF STREPTOCOCCI IN RYUKYU ISLANDS

YuicHr SHIOKAWA!, MASANAKA MURAKAML,
Juraro Tapano? and TosHIHIKO YAMADA?

Received for publication 6 June 1973

Primary and secondary school children in Ryukyu Islands were subjected to throat
culture for hemolytic streptococci (HS) to study the incidence of HS as a whole, group and
type distribution, and the prevalence of rheumatic heart disease. The results were
compared with those obtained in school children in Fuchu City of Tokyo Metropolis by
the similar procedure.

The incidence of HS as a whole was much higher in Hateruma, Ishigaki and Koza
of Ryukyu Islands than in Fuchu City. In typing of group A streptococci by T-aggluti-
nation it was interesting to see that the dominant type in Hateruma and Ishigaki was
T-11, while in Koza it was T-12, which was similar to the dominat type in Tokyo and
other part of Japan. The incidence of rheumatic heart disease in Koza, Ryukyu, was
10 times as high as Fuchu, Tokyo Metropolis, as expected. The discrepancy of types
of streptococci in Ryukyu Islands is worth mentioning, and further investigation is con-

tinued by us.

1 Dept. of Internal Medicine, 2 Dept. of Clinical Pathology, Juntendo University, School of
Medicine, Hongo, Bunkyo, Tokyo, Japan.
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SEASONAL VARIATION IN HEMOGLOBIN CONCENTRATION
AND HEMATOCRIT VALUE!

Suoraro NerusHE, Kazuko FukusHiMA® AND LEONARD A. SAGAN!
Received for publication 13 June 1973

Abstract: The observation that hemoglobin concentration and hematocrit value vary
with the season has not been generally accepted but studies made in Japan support this.

Reported here are the results of analysis on the month-specific mean hemoglobin
concentration and hematocrit values from 29,482 blood samples collected during the 5
years from 1958 to 1963 from ABCC-JNIH Adult Health Study sample members in
Hiroshima and Nagasaki. The values show definitely that seasonal variation is present.
Both hemoglobin and hematocrit values showed a pronounced negative correlation to
temperature and humidity.

It was found on grouping the subjects by sex, age, and relative weight that the range
of seasonal variation was greater in older persons than in younger, and in obese persons
than in those of light weight. It was characteristic that the range of seasonal variation
was small in the groups with high levels and, contrarily, large in the group with low levels.
The two extremes were presented in males under 40 years of age of the light relative weight
group, and in obese males aged 40 and over.

There have been a number of reports that hemoglobin concentration varies
seasonally, but this conclusion has not been generally accepted. Wintrobe (1967),
in his text book of hematology, denies the existence of seasonal variation.

Engelbreth-Holm and Videbaeck (1948) reported in 1948 that determinations
of hemoglobin concentration and red blood cell counts in 69 medical students in Jan-
uary, March, June, and October showed seasonal differences with somewhat lower
values noted in June. According to Wilson (1953) who made monthly examinations
for 2 years between 1949 and 1952 of 15 members of an Antarctic Exploration Party,
no variation was seen in red blood cell counts, but there was an evident seasonal
variation in hemoglobin concentration. Further, Christie (1958) observed in six
members of a party exploring the Central Greenland Icecap a rapid decline in
hemoglobin level during the first 2 weeks, and thought it was probably attributable
to physical labor.

In a l-year follow-up study of the hematocrit value in 24 young Japanese men

1 Adult Health Study, 1958-63, Hiroshima and Nagasaki by Atomic Bomb Casualty Commission
and Japanese National Institute of Health. 2 Dept. of Clinical Laboratories, ABCC, Sakurababa,
Nagasaki, Japan. 3 Dept. of Statistics, ABCC, Hijiyama Park, Hiroshima Japan. 4 Dept. of
Medicine, ABCC (Present address: Palo Alto Medical Clinic, 300 Homer Av., Palo Alto, California,
U.S.A)). :
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and women, Watanabe (1958) observed a decline in the summer, and ascribed it
to probable blood dilution. The results of Wadsworth (1954) did not support the
inference made by Watanabe. He could not demonstrate any statistical difference
in hemoglobin value between inhabitants of tropical Singapore and of temperate
Europe.

These reports indicate that opinions are divided regarding seasonal variation
of hemoglobin and hematocrit values. Numerous factors might induce seasonal
variation. For example, the amount of physical activity fluctuates during a year
according to occupation, which could be reflected in seasonal variations in these
values. They could be affected by seasonal changes in food variety and intake.

The presence or absence of seasonal variation in hemoglobin, hematocrit, and
other blood constituents and the relationship of such variation to sex, age, and somato-
type are examined here. Analysis was made of monthly variation in approximate-
ly 30,000 blood samples obtained during the 5 years from 1958 to 1963 from a large
fixed sample of adults in two middle-sized Japanese cities.

MATERIALS AND METHODS

The individuals on whom blood tests were regularly conducted are voluntary
participants in the joint ABCC-JNIH Adult Health Study. This population sample
comprises A-bomb survivors and nonexposed comparison subject residents in Hiro-
shima and Nagasaki Cities (Freedman et al.). This fixed population is divided into
24 subgroups so that each month one subgroup will undergo medical examination
in a biennial cycle. The actual visit of the subjects in each subgroup for examina-
tion may deviate 2 or 3 months from the scheduled month, but the subjects under-
going examination each month can be considered to be randomly representative of
the entire sample.

Analysis was made of five items of the regular examination: hemoglobin, hema-
tocrit, mean corpuscular hemoglobin concentration (MCHC), white blood cell
count, and specific gravity of urine.

The number examined each month is approximately 350-400 in Hiroshima
and 100-150 in Nagasaki, and the total blood samples obtained in examinations
during 1958-63 was 22,404 in Hiroshima and 7,078 in Nagasaki; a total of 29,482
for the two cities combined. Since the results of blood tests employed in this study
showed no significant difference in mean values between the exposed groups and the
nonexposed groups (Hoshino, 1964), data for all groups were combined in this study.

First, the year-specific mean values for each item classified by city, sex, and age
were studied to determine the levels for each group and the presence or absence of
a specific trend during the 5 years. The month-specific mean values were then exam-
ined by group to determine the presence or absence of seasonal variation. Month-
specific mean values were obtained by pooling results for the 5 years.

Relative body weight was used as an index of somatotype. Those of the same
sex, age, and stature were classified into three groups according to body weight:
those under the 25th percentile were designated as the light weight group (L-group),
those between the 25th and 75th percentile as the middle weight group (M-group),
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and those at the 75th percentile or more as the heavy weight group (H-group) (Siegel
et al, 1958-60).

Standard methods were used in the blood tests (Freedman et al.). The cyan-
methemoglobin method was employed for hemoglobin determination; for hema-
tocrits the Wintrobe tube was used in Hiroshima and the capillary tube in Nagasaki.

The month-specific mean values for temperature and humidity were based
on records of the weather stations of the two cities.

REesuLTs

The mean hemoglobin and hematocrit values by city, age (<<40vs 404), and
sex in each year during the 5 years demonstrate a slight but not significant increase
from 1958 to 1963 (Table 1). However, large differences are noted by sex and age.

TasLe | Number examined and mean values of Hb and H-crit by year, sex and age
(1958-63, Hiroshima and Nagasaki)

<40 \‘ 40+ \
1
Year N Hb | He-crit N Hb H-crit TONtal
(g/100m!) (%) (g/100m!) (%)
Hiroshima

Male 1958-59 601 14.1 43.9 888 13.6 42.5 1489
59-60 680 14.5 44.6 1157 13.8 42.5 1837

60-61 603 14.5 44.7 990 13.8 429 1593

61-62 561 14.7 44.5 1035 13.9 42.6 1596

62-63 595 14.7 45.2 1027 14.1 43.4 1622

Total 3040 14.5 44.6 5097 13.8 42.8 8137

Female 1958-59 919 12.0 37.7 1327 12.0 37.8 2246
59-60 1597 12.2 37.7 1900 12.1 37.5 3497

60-61 1115 12.2 38.1 1632 12.2 38.0 2747

61-62 1162 12.4 38.1 1742 12.4 38.1 2904

62-63 1056 12.3 38.4 1817 12.4 38.4 2873

Total 5849 12.2 38.0 8418 12.2 38.0 14267

Hiroshima total: 22404

Nagasaki

Male 1958-59 167 14.2 44.1 144 13.6 42.5 311
59-60 467 14.5 44.1 464 14.0 42.7 931

60-61 194 14.7 45.3 181 14.0 43.2 375

61-62 378 14.5 44.7 465 13.9 43.2 843

62-63 428 14.6 44.2 452 14.1 42.7 880

Total 1634 14.5 44.5 1706 13.7 429 3340

Female 1958-59 263 11.9 37.6 165 11.8 37.2 428
59-60 815 12.2 37.6 464 12.2 37.5 1279

60-61 321 12.2 38.0 206 12.3 38.2 527

61-62 787 12.1 38.0 503 12.2 38.0 1290

62-63 690 12.3 37.5 524 12.4 37.6 1214

Total 2876 12.1 37.7 1862 12.2 37.7 4738
: Nagasaki total: 7078
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Therefore, the study of monthly changes was made by sex and age. Data were
maintained by city since seasonal temperature and humidity variation are somewhat

different in each city.

' E Hiroshima 1960-63 age 40 and over
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Fig. 1 Monthly changes in hemoglobin, hematocrit, temperature
and humidity.

As shown in part in Fig. 1, the curves of the mean hemoglobin and hematocrit
values for the 5-year period and the mean curves for temperature and humidity
vary inversely. That is, the hemoglobin and hematocrit curves are elevated during
the cold season between December and February and are depressed in the warm
season between July and September. This phenomenon, though differing in ex-
tent, is noted in all sex and age groups, and the monthly variations are all signifi-
cant at the 19, level by the F-test.

Since the yearly increment was negligible for the hemoglobin and hematocrit
values, an index of seasonal variation could be obtained by merely averaging all
results over the 5-year period for each specific month, and it was not necessary to
employ more sophiscated methods, such as link relatives.

The levels for each month are shown in Fig. 2. The range of annual varia-
tion (the difference between the highest and the lowest values) together with the an-
nual mean derived from the mean values for the 5-year period are shown in Table 2.
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Fig. 2 Seasonal variation in hemoglobin and hematocrit by age and sex.

TaBLE 2 Mean and range* of variation in year of Hb and H-crit by sex, age and
relative weight groups (Average of 1958-63, Hiroshima and Nagasaki)

Hb (g/100ml) | Hecrit (%)
Male I Female Male | Female
<40 40+ | <40 40t | <40 40+ | <40 40+
Hiroshima
Toa] Mean 145 138 122 122 446 428 380 379
Range 0.7 1.0 0.8 1.0 1.9 2.8 2.2 3.1
Mean 150 144 124 125 457 443 383 387
L-group  Range 05 1.0 09 09 20 31 26 28
Mean 144 138 122 122 444 427 379 378
M-group  pange 0.7 08 0.7 1.0 2.3 2.3 2.3 3.1
Mean 142 135 122 121 439 418 379 376
H-group  pange 0.9 14 09 11 33 40 28 39
Nagasaki
Tom Mean 145 139 122 122 444 429 817 377
Range 07 04 06 05 25 20 23 1.9
Mean 149 144 123 126 454 440 380 3838
L-group  Range 10 07 05 09 24 23 24 30
Mean 145 139 122 121 444 429 377 373
‘Mgroup  Range 06 05 05 06 24 21 21 22
Mean 142 136 122 1201 435 419 376 375
H-group  ponge 11 09 07 09 44 31 30 20

* Difference between the highest and lowest
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Between the summer and the winter season a difference of 0.5-1 g/100 m/ in hemo-

globin and 2%,-39%, in hematocrit is seen, and this difference appears more marked

in the age group of 40 years or over in both sexes in Hiroshima.

as consistent in the Nagasaki data which are based on smaller numbers.

The hemoglobin and hematocrit values not being of the same level for the two

The trend was not

sexes and age groups, they have been presented in the form of relative month-specific
index numbers with 100 as the annual average (Table 3).

of each is about 69%,.

TaBLE 3 Seasonal index number of Hb and H-crit by sex and age
(Annual average=100, Hiroshima and Nagasaki)

The month-specific index
numbers for hemoglobin and hematocrit are very close and the range of variation

Hb H-crit

Male l Female Male Female
<40 40+ | <40 40+ | <40 40+ | <40 40+
Hiroshima 1 101.2 102.3 1019 102.7 102.0 1024 102.3 103.2
2 102.6 104.0 103.5 104.5 102.2 103.6 103.2 104.1
3 101.9 102.1 101.8 1028 102.2 1029 102.3 103.7
4 99.7 99.6 99.1 100.1 100.4 100.6 100.3 101.2
5 101.3 99.6 99.7 99.9 101.1 99.7 99.7  100.1
6 100.2 99.9 100.5 100.0 98.9 99.3 99.3 99.3
7 97.6 97.0 98.2 97.7 98.0 97.2 97.9 97.2
8 98.3 97.9 97.8 96.6 98.2 97.1 97.3 96.0
9 97.8 97.3 97.2 97.0 97.9 97.0 97.5 96.8
10 99.9 100.2 99.5 99.3 98.9 99.2 98.6 97.8
11 99.4 98.8 99.6 99.1 99.8 99.3  100.2 99.7
12 99.3 100.6 100.4 99.3 99.5 101.0 100.9 100.3
Range* 5.0 7.0 6.3 7.9 4.3 6.6 5.9 8.1
Nagasaki 1 100.9 101.1 101.7 99.9 101.0 1028 102.7 101.8
2 101.7 101.0 102.1 101.5 1024 1009 1025 102.0
3 100.6 101.6 101.4 101.9 100.9 101.8 101.7 101.9
4 100.2  100.7 100.5 100.8 99.8 100.7 100.7 100.9
5 100.5 98.8  100.1 98.7 100.3 98.4 100.2 98.7
6 100.2 99.5 99.2 99.1 100.6 100.2 99.6 99.8
7 96.6 99.4 98.5 101.0 96.9 99.4 98.1 100.0
8 98.9 99.7 98.2 97.8 98.6 98.7 97.6 97.0
9 98.4 99.1 97.4 98.5 97.4 98.2 96.7 97.9
10 100.2 99.5 98.9 99.1 100.1 99.3 98.3 98.5
11 99.9 99.0 100.8 101.5 99.3 98.5 99.9 100.9
12 99.7  100.5 99.4 99.7 100.2 100.6 99.6 99.4
Range* 5.1 2.8 4.7 4.1 5.5 4.6 6.0 5.0

* Difference between the highest and lowest in the year



45

Further, to consider the factor of somatotype, the mean hemoglobin and hemato-
crit levels during the 5-year period were compared by sex, age, and relative weight
group, and the results are shown in Table 2. Generally the H-group shows lower
values for both hemoglobin and hematocrit than the L-group in all sex and age groups.
Except for Nagasaki females under 40 years of age, the difference is significant at
the 19, level. The difference between the two groups is more marked in males and
become more pronounced with age in both sexes. The M-group presents values
intermediate between the L- and H-groups. Accordingly, the highest hemoglobin
and hematocrit values were observed in males under 40 years of age in the L-group
and the lowest values in females of 40 years of age or over in the H-group.

The monthly changes in mean values for the 5-year period in these relative
weight groups are shown in Figs. 3-1, 2. The range of annual variation is given
under each mean value in Table 2. These show for both sexes and age groups,
excluding Nagasaki females under 40 years of age, a smaller range of annual varia-
tion in the L-group, who have high hemoglobin and hematocrit levels, and a greater
range of variation in the H-group, with low levels. This tendency is particularly
marked in Hiroshima, where males under 40 years of age in the L-group with the
highest levels presented the smallest range of variation annually (0.5g/100 m/ and

Hiroshima and Nagasaki 1958-63 (Average)
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Fig. 3-1 Seasonal variation in hemoglobin by age, sex and
relative weight group.
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Hiroshima and Nagasaki 1958-63 (Average)

Hematocrit Hiroshima
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Fig. 3-2 Seasonal variation in hematocrit by age, sex and relative weight group.

2.19,). Contrarily, in those 40 years of age or over in the H-group, in whom the
levels are quite low, both males and females present ranges of annual variation ex-
ceeding 1 g/100 m/ for hemoglobin and 39, for hematocrit, and the hemoglobin

TasrLE 4 Range* in seasonal index number of Hb and H-crit by sex,
age and relative weight group

(Annual average=100, Hiroshima and Nagasaki)

Relative Hb H-crit
weight Male Female Male Female
group <40 404- <40 40+ <40 404+ | <40 40+
Hiroshima
L-group 3.6 6.9 7.2 7.0 4.5 6.9 6.7 7.3
M-group 5.0 5.6 5.9 7.9 5.2 5.4 6.1 8.1
H-group 6.5 10.5 7.7 9.5 7.6 9.6 7.3 10.2
Nagasaki ,
L-group 6.8 4.9 4.0 7.4 5.2 5.1 6.2 7.8
M-group 4.3 3.4 4.4 4.8 5.5 4.9 5.6 5.8
H-group 8.0 6.5 5.8 7.6 10.0 7.4 7.9 5.4

* Difference between the highest and lowest



TaBLE 5 Correlation* of Hb and H-crit to temperature or humidity by

sex, age and relative weight group (1958-63, Hiroshima)

To Temperature

To Humidity

47

Sex, Age and ~ Test for S Test for
RW Group e } b Ho: b=0 e . Ho: 6=0
Hb
Male <40 Total —.41 —.021 *k —.30 —.022 *
L-group —.01 —.009 N.S. —.01 —.014 N.S.
M-group —.39 —.020 *ok —.27 —.021 *
Hgroup  —.42  —.028 % ~.30  —.030 *
40+ Total —.63 —.032 Hkk —.47 —.036 *k
L-group —.57 —.034 ok —.31 —0.28 *
M-group —.48 —.025 . —.31 —.024 *
H-group —.52 —.035 wx —.49 —.049 * ¥
Female <40 Total —.59 —.023 s —.39 —.023 e
L-group —.53 —.028 *ok —.28 —.023 *
M-group —.52 —.019 ok —.39 —.022 **
H-group —.54 —.029 *k —.39 —.032 ok
40+ Total —.63 —.030 ok ok —.46 —.033 *ok
L-group —.50 —.025 *ok —.35 —.027 *k
M-group ~ —.59  —.030 % —41 —.031 %
H-group —.59 —.033 *okk —.49 —.041 >k
H-crit
Male <40 Total —.61 —.078 *ok —.41 -.079 ok
L-group —.26 —.038 * —.26 ~—.056 *
M-group —.57 —.077 *k —.38 —.078 ok
H-group  —.5¢  —.09 *ox —33  —.090 *
404 Total —.31 —.115 o —.61 —.131 *
L-group —.76 —.131 *k —.50 —.130 *%
M-group —.66 —.089 * & —.43 —.088 *ok
H-group —.69 —.137 * % —.62 —.185 *%
Female <40 Total —.82 —.090 *k —.54 —.089 *ok
L-group —.69 —.099 *okok —.37 —.082 *k
M-group ~ —.74  —.082 * —54  —.090 %
H-group —.71 —.097 * ok —.44 —.091 w*
40+ Total —.82 —.115 *eokok —.59 —.125 *k
L-group .71 —.102 *k —.27 —.058 *
M-group —.76 —.114 *% —.51 —.116 *x
H-group —.79 —.123 Wk —.63 —.148 e

* Linear correlation: Y=a+5X

humidity

(X : monthly records of temperature or

Y: monthly average of Hb or H-crit
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and hematocrit levels become especially low in the summer.

The range of annual variation becomes more impressive if expressed as a range
of monthly index numbers with 100 as a base (Tables 3, 4). In groups in which
variation is marked the range reaches 109, of the annual average.

Lastly, the correlation of monthly mean hemoglobin and hematocrit values with
mean temperature and humidity values, by relative weight group is shown in Table 5.
For both hemoglobin and hematocrit high negative linear correlations with tempera-
ture and humidity were noted (with the exception of Hiroshima males under 40
years of age of L-group, all groups presented a correlation significant at 19,~5%,
level with Ho: b=0). Generally the correlations tend to be low in the L-group and
high in the H-group. The group with especially low correlation is the L-group of
Hiroshima males under 40 year of age, in which there apparently is hardly any cor-
relation with seasonal change. Further, Fig. 1 suggests a time-lag of about 1
month between the observed values of hemoglobin and hematocrit and those of
temperature and humidity. If this was taken into account, the correlation would
probably have been higher, but calculations have not been made.

With reference to MCHC, WBC, and specific gravity of urine, no correlation
of their monthly mean values with temperature and humidity was noted in any of the
groups.

Discussion

Analyses made in this study of the numerous data collected over many years
confirm that hemoglobin and hematocrit values in Japanese tend to be high in the
winter and low in the summer.
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Fig. 4 Monthly changes in hematocrit for children and adults Nagasaki 1959-60.
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The presence of seasonal variation of hemoglobin and hematocrit has not general-
ly been accepted in foreign countries. However, in Japan the presence of such varia-
tion has been noted in studies made by Japanese scientists over a period of some
20 years from around 1940, including those of Watanabe (1958), Kuroda (1933),
Nunoyama (1956), Nishimura (1961) and others.

The result of the present study support these previous reports. This has been
confirmed also by an observation of the seasonal variation of hematocrit in a separate
population of children made in the same laboratory at the same time as this study
(Neriishi S., 1969, Fig. 4). Due to multiple reasons no attempt will be made to
explain the mechanism that produces the seasonal variation which is so character-
istically observed in Japan.

The presence of seasonal variations in hemoglobin and hematocrit values it-
self supports and confirms the findings of a number of other studies, but further ob-
servation by sex, age, and relative weight group revealed a number of interesting
facts. Though the seasonal variation of the different sex, age, and somatotype
groups may be .of a common pattern, each differs in extent. Thus, it may be in-
terpreted that the influence of season does not affect all people uniformly. The
most characteristic example is seen in males under 40 years of age in the light weight
group. In this group, showing the highest hemoglobin and hematocrit levels, the
range of seasonal variation is the smallest, and contrary to the general tendency for
the levels to lower with age, the range of seasonal variation becomes greater. Further,
the H-group as compared with the L- and M-groups has lower levels of both hemo-
globin and hematocrit, and moreover the range of variation is greater. An extreme
example is seen in males 40 years of age and over in the H-group. In this group,
both hemoglobin and hematocrit levels are markedly lower than those in the L-
group and the range of seasonal variation is greater than that of any other group,
extending to as much as 109, of the annual average. Thus, each age group was
shown to have its own hemoglobin and hematocrit levels and range of seasonal varia-
tion.

It is highly probable that the results of clinical laboratory tests may be affected
by such natural conditions as temperature and humidity. However, the fact that
the seasonal variation differed between the young and old and, especially, between
subjects of relatively light or heavy weights, implies that seasonal laboratory variability
cannot possibly represent the whole explanation. )

No detailed analysis of the health condition of the participants was attempted,
but as most of them were ambulant the observations made can be considered to have
general applicabilities. Recently, the relationship between obesity and health has
become the subject of much discussion (Fredman et al, 1964), and also a study on
seasonal variation in cardiovascular functioning was reported (Schneider and Cos-
tiloe, 1972).

The finding of definite differences in blood parameters such as hemoglobin
and hematocrit is felt to be significant.

This study was based on data collected during 5 years from 1958 to 1963, but
the mode of living of the Japanese people is rapidly changing (Kagan et al. 1972),
so that it would be interesting to continue observations hereafter to see whether this
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phenomenon of seasonal variation will tend to disappear.

1)
2)

3)
4)
5)
6)
7)
8)
9)
10)

1)
12)

13)

14)
15)

16)
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