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Abstract: Recent papers suggested that as the result of the increase of Japanese
travellers abroad, number of patients affected with imported tropical disease increased
every year. This fact also implies that foreign visitors are bringing tropical disease into
Japan. Therefore, we have conducted a survey of foreign visitors who visited Matsushita
Electric Co. Ltd. for the purpose of technical training for short periods from 1972 to 1976,
studying the possibility of invasion of tropical diseases by interview and on medical records.
The results obtained were as follows:

1. Of total 532 visitors, 485 were from tropical regions and 47 from other countries,
and the morbidity rates indicated 20.2 per cent and 29.8 per cent respectively in the obser-
vation period of one month following their arrival.

2. Fortunately no tropical diseases such as malaria, filariasis, dengue fever and
cholera were found so far.

3. Two cases, a Malaysian with Tenia saginata and an Iranian with orchitis following
mumps which had affected him for some time before their arrival, were cured.

4. Many visitors from tropical regions were easily affected with common cold within
a few days after their arrival, especially in the fall and winter season, as compared with
those from Europe and North America.

5. A thorough check-up routine of the Japanese returnees and foreign visitors to
Japan and general practitioners’ good understanding of the imported tropical diseases are
mandatory for the prevention of tropical diseases in the future.

INTRODUCTION

As the number of Japanese travellers abroad increased recently, patients of
imported tropical diseases also increased in number year after year. These imported
tropical diseases are found among travellers who were affected with the native dis-
eases and felt sick after their return home. Besides the increase of Japanese travellers
abroad, gradual increase of foreign visitors to Japan is also found as a new tendency,
as cultural exchange with foreign countries are being encouraged. What has to be
taken into consideration with this tendency is that there is a big possibility for people
from tropical areas of bringing in some tropical diseases.

Actually, according to the questionaire survey of imported malaria by
Nakabayashi et al. (1975), 14 out of 155 visitors from abroad were reported as affected
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patients. This fact should imply a number of problems of counterplan against
imported tropical diseases. The following is a report of our study on foreign visitors
in Japan, for the purpose of studying morbidity of imported tropical diseases among
alien people.

SuBjECTS AND METHODS

The subjects of the study were 532 foreign employees of overseas branch offices,
factories and sales offices of Matsushita Electric Co. Ltd., who visited Japan from
April 1972 to March 1976 from 33 different countries. The classification of regions
follows that of the report by Sassa et al. (1976) as shown in Figure 1. They are
based on the imported tropical disease distribution chart, A; Africa, B; Asia,
C; Pacific Islands, D; Middle and South America and E; Caribbean Islands.

In addition, Africa is divided into subareas such as A;; Middle Western district,
A,; Middle East and neighbouring islands district, Az; North and Pacific Islands
district, A,; North Eastern district and Ag; Southern district. Asia is also divided
into B;; Eastern Mediteranean Sea and Middle East Asia district, B;; India and
Pakistan district and B3; South East Asian district.

a

Figure 1 Classification of tropical regions.

The methods of the study were as follows; Examined were people who came for
a check-up to the company clinic attached to Matsushita Overseas Training Center,
complaining some disorder with in a month after their arrival from the above-men-
tioned region during the above-mentioned period. All 112 patients were given as
much examination as the clinic could offer for the detection of imported tropical
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diseases. All 112 patients were examined on their urine. People complaining high
fever were given Giemsa staining test of their smear sampling of blood. People com-
plaining diarrhoea were offered microscopic examination for parasites and protozoa
and also offered cultural examination for pathogenous microorganisms. Matsushita
Overseas Training Center is located in Hirakata City, providing training and housing
to foreign trainees in Japan.

REesuLTs

1. Regions and countries of foreign visitors and their morbidity rate

All 19 visitors out of A region were from the United Republic of Tanzania from
1972 to 1976. Six patients were found among them and the morbidity rate was
31.6 per cent. Six visitors from C region were all Australians and none was found
sick.  Of 53 visitors from D region, nine patients were sick and the rate was
17 per cent. The breakdown of D region is as follows; one out of nine visitors from
Mexico was sick (11.19%,), none of two visitors from El Salvador was sick, two of 10
visitors from Costa Rica were sick (20%,), one of two visitors from Panama was sick
(50%,), one of four visitors from Venezuela was sick (259%,), two of 16 visitors from
Peru were sick (12.59,), two of 10 visitors from Brazil were sick (209%,). Nineteen
visitors from E region were only from Puerto Rico and three were found sick (15.89%,)
(Table 1).

Table 1 Incidence rate in A, C, D and E regions

|
Group Country 1972 1973 ?:;: 1975 1976 Total I % l Group-total
United | T "
As Republicof | 1/3 1/3 1/4 3/8 0/1 6/19 ] 31.69, 6/19 (31.6%))
Tanzania ‘
C Australia ] 00 0/2 0/2 02 0/0 0/6 0% ] 0/6 ( 0%)
Mexico 13 0/3 0/2 0/0 01 1/9 11.1% |
El Salvador 0/0 0/0 0/0 0/1 0/1 0/2 [ 0%,
Costa Rica 0/3 2/6 0/ 0/0 0/0 2/10 [ 20.09,
D Panama 0/0 01 1/1 0/0  0/0 1/2 50.09, 9/53 (17.0%,)
Venezuela 0/1 0/1 1/2 0/0 0/0 1/4 25.0%,
Peru 0/3 0/3 2/7 0/3 0/0 2/16 12.59,
Brazil | 0/2 0/2 1/5 /1 0/0 2/10 | 20.0%
E | Puerto Rico |3/12 0/6 0/0 01 0/0 3/19 | 1589, ] 3/19 (15.8%,)

Following are the breakdown of B region. In B, district, one of four visitors
from Iran (25%) and one visitor from the United Arab Emirates (100%) were
found sick. In total, two of five were sick (40%,). In B, district, three out of nine
visitors from India were sick (33.39%,). In Bj; district, found sick were nine out of
' 24 vistiors from the Republic of Korea (37.5%), 15 out of 100 from the Republic
of China (159%,), six out of 35 from the Philippines (17.19,), five out of 37 from
Indonesia (13.59,), two from Hong Kong (1009%,), one out of nine from Vietnam
(11.19%), 13 out of 26 from Thailand (509%,), 21 out of 104 from Malaysia (20.29%,)
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Table 2 Incidence rate in B region

Year \
Group Country 1999 1973 1954 1975 1976 t Total % Group-total
Iran 0/0 0/2 0/0 12 0/0 1/4 | 25.0%
B United Arab | 0/0  0/0 0/0 0/0 1/1 11| 100% 2/5 (40.0%)
Emirates
B India 0/0 1/1 2/6 02 0/0] 3/9] 333% 3/9 (33.3%)
Republic of 0/0 4/12 1)1 4/11 0/0]| 924 37.5% |
Korea
Republic of | 2/11 4/23 3/25 2/21  4/20 | 15/100 | 15.0%
China
Philippines 16 2/10 17 2/)10  0/2 6/35 | 17.1%
B3 Indonesia 1/3 2/19 1/13 13 0/0| 5/37 | 13.5% | 75/374 (20.1%)
Hong Kong 00 00 11 11 0/0 2/2 | 100%
Vietnam 00 0/3 05 11 00 1/9 | 11.1%
Thailand 3/5 0/2 38/6 7/11 0/2| 13/26 | 50.0%
Malaysia 5/22  7/32 6/33 2/12  1/5| 21/104 | 20.29%
Singapore 2/3 02 14 0/0 0] 3/37 | 8.19%

and three out of 37 from Singapore (8.1%,). Seventy-five of all 374 visitors from
B; district were found sick and its incidence rate was 20.1 per cent (Table 2).

Forty-seven forigners who came from other regions showed following results.
In Europe, one out of three visitors from Spain (33.39,), five out of 12 from West
Germany (41.7%), one out of four from Netherland (25%,) and one out of three
from Denmark (33.3%,) were found sick. Three Belgian and three British were
healthy in the observation period. FEach one who came from Sweden, Switzerland
and Poland were sick. In North America, two out of five visitors from the United
States of America and one out of 11 from Canada were found sick. Fourteen patients
were found out of 47 visitors from other regions (29.8%,) (Table 3).

Summerizing the above results, the number of patients out of 485 visitors from
22 countries in the tropical regions of A, B, C, D and E was 98, and its incidence
rate was 20.2 per cent, while that of 47 visitors from 11 countries in other region was

Table 3 Incidence rate in other region

Country 1972 1973 }’ge :: 1995 1976 Total % Group-total
Spain 0/0 0/0 01 12 0/0 1/3 33.3%,
West Germany 2/3 15 1/2 1j2 00 5/12 41.7%,
Belgium 0/0 0/0 0/0 0]l 0/2 0/3 0%
Netherland 0/l  0/1 01 1/1 0/0 1/4 25.09,
United Kingdom 0/0 0/ o0/0 O0/1 0/2 0/3 0%
Denmark 12 0/ 0/0 0O/ 0/0 1/3 33.3% 14/47 (29.8%,)
Sweden 0/0 0/0 0/0 0/0 11 1/1 1009,
Switzerland 0/0 0/0 11 0/0 00 i1 1009,
Poland /1 0/ 0/0 0/0 0/0 1/1 1009%,
United States 0/0 0/3 0/0 2/3 0/2 2/5 40.09,
of America
Canada o/t 0/2 1/4 0/2 0/2 1/11 9.1%
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14 and its incidence rate was 29.8 per cent. The total number of patients out of
all 532 visitors from 33 countries was 112 and its incidence rate was 21.1 per cent.
As seen above, no paticular region, district or country showed specific charac-
teristics in its incidence rate (Table 4). |

Table 4 Incidence rate in all regions

Tropical area

22 countries

98/485 (20.2%)

A-group
1 country
6/19 (31.6%)
B-group

12 countries

80/388 (20.6%)

Aj-group

1 country

6/9 (31.6%)

B;-group

2 countries

2/5 (40.0%)

B;-group
1 country
Total 3/9 (33.3%)
33 countries Bg-group

9 countries

75/374 (20.1%)

532 persons
112 patients
112/532 (21.1%)

C-group
1 country
0/6 ( 0%)
D-group

7 countries
9/53 (17.0%)

E-group

1 country
3/19 (15.8%)

Other area Other country-group

11 countries

14/47 (29.8%)

11 countries

14/47 (29.8%)

2. Classification of diseases

Out of six patients from Tanzania in A, district, A region, five were with common
cold and one with colitis. In D region, one Mexican was with gastritis, one Costa
Rican was with common cold and the other with atopic dermatitis of arms and legs,
one Brazilian, one Panaman, one Venezuelan and two Peruvian were with common
cold, and one Brazilian with colitis. All three Puerto Rican patients were with
common cold (Table 5).

A 31-years-old Iranian from B, district, B region, flew to Japan, already suffering
from remittant fever since three days before his arrival. On the arrival at Osaka
Airport, although he felt fatigue and had fever associated with left parotid swelling,
he passed the quarantine inspection, and his fever went down to 37.5 C after a rest
on the following day. On the next day (the 3rd day after arrival), the fever went
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Table 5 Classification of sickness in each country

A, B, C, D, E-Group

A; United Republic of Tanzania
Common cold 5 (26.39,)
Colitis 1

B, Iran (1/4)
Orchitis 1
United Arab Emirates (1/1)
Common cold 1 (100%)

B, India (3/9)

Common cold 1 (11.1%)
Urticaria 1
Angular stomatitis ]

B; Republic of Korea (9/24)
Common cold 5 (20.8%,)
Motion sickness 1
Menorrhalgia 1
Aphtha 1
Neurosis 1

Republic of China (15/100)
Common cold 12 (12.0%)
Colitis 3

Philippines (6/35)

Common cold 6 (17.1%)

Indonesia (5/37)
Common cold 5 (13.5%)

Hong Kong (2/2)
Common cold 1 (50.0%)
Gastritis 1

Vietnam (1/9)

Asthma 1

Thailand (13/26)
Common cold 8 (30.8%,)

Conjunctivitis 1

Colitis 2

Gastritis 1
Malaysia (21/104)

Common cold 19 (18.3%)

Gastritis 1

Tapeworm infestation 1
Singapore (3/37)

Common cold 2 (5.4%,)
Urticaria 1

C Australia (0/6)

D Mexico (1/9)
Gastritis 1

(6/19)

El Salvador (0/2)

Costa Rica (2/10)
Common cold 1 (10.0%,)
Dermatitis 1

Panama (1/2)

Common cold 1 (50.0%,)

Venezuela (1/4)
Common cold 1 (25.0%,)

Peru (2/16)
Common cold 2 (12.5%,)

Brazil (2/10)

Common cold 1 (10.0%,)
Colitis 1

Puerto Rico (3/13)
Common cold 3 (15.8%,)

Other country-Group

Spain  (1/3)

Renal calculus 1

West Germany (5/12)
Urethritis 1

Otitis externa |
Callosity 1
Trauma 2
Belgium (0/3)
Netherland (1/4)
Gastritis 1

United Kingdom (0/3)

Denmark (1/3)
Common cold 1 (33.3%)

Sweden (1/1)
Urticaria 1

Switzerland (1/1)

Panaritium 1

Poland (1/1)
Common cold 1 (100%,)

United States of America (2/5)

Colitis 1
Otitis media 1

Canada (1/11)
Common cold 1 (9.19%,)
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up again to 39 C. An antifebrile and an ice compress of left cheek did not calm it
down and on the fourth day after arrival (the 7th sick day), he suffered from orchitis
on both sides. Protozoa was not proved by smear sampling of blood. Exanthema
and digestive disorder were not found either. Moreover, even after detailed check-up,
none of typhoid fever, smallpox, dengue fever, or orchitis usually following malaria
was found. Therefore, the case was diagnosed as acute orchitis following acute
parotitis, and the patient was hospitalized in Hirakata Municipal Hospital for five
days.

One from the United Arab Emirates had common cold. Three Indians from
B, district had urticalia, angular stomatitis and common cold respectively. Among
Korean patients from Bj district, one was homesick, one with menorrhalgia, one with
aphtha, one with neurosis and five others with common cold. Three Taiwanese
were with colitis, 12 others were with common cold, one Singaporean was with
urticaria and two others had common cold. Six Philippines and five Indonesians
were with common cold. One Chinese from Hong Kong was with gastritis and the
other was with common cold. One Vietnamese was with atopic asthma and the
antigen was suspected as house dust according to anamnesis and intractutaneous test.
One Thai was with colitis, one with conjuctivitis, one with gastritis, and eight others
were with common cold. One Malaysian was with gastritis, 19 with common cold
and with one Tenia saginata. This patient caused by Tenia saginata was a 27-years-
old man and had repeated diarrhoea for one month. He had a habit of eating
raw beef. He felt uneasy around the anus 3 days after his arrival to Japan. After
the examination, Tenia saginata was suspected, he was administered helminthic, 10
grams of Extractum filicis and 5 grams of magnesium sulfate in hunger, and 4 meters
of helminth was excreted and no diarrhoea was found after that.

In other regions, one Spanish man suffered from right nephrolith and excreted
sesame size of calculi after a drug therapy in 18 days of hospitalization. One patient
from West Germany was with urethritis, one with right otitis externa, one with callosity
and two with trauma. One from Denmark, one from Canada and one from Poland
were with common cold, and one Dutch was with gastritis, one Swiss with panaritium,
one American with right otitis media and another American with colitis. Eight
colitis patients of one Tanzanian, one Brazilian, three Taiwanese, two Thais and one
American were consulted with a complaint of one to three times of diarrhoea a day.
The examination of parasites of stool and culture of pathogenic microorganisms
were all negative (TCBS and SS medium was applied for stool culture) (Table 5).

As mentioned above, no significant relationship was found between the country
and patient sample according to these classification of region-countries and patient
sample. Among these patients, common cold was found in 77 cases. More people
from A, B, C, D and E regions were found with common cold (74 out of 485; 15.3%,)
than those from North America and Europe (3 out of 47; 6.3%). According to the
study of onset of common cold in these patients, most visitors from tropical zone
were affected within a week of the arrival and the peak was the third day after their
arrival (Fig. 2). Fortunately, every patient recovered by medication, mainly
antipyretics and antihistamine, and good rest. Two out of 12 Taiwanese, three
out of 19 Malaysians, two out of eight Thais, one out of five Indonesians, one out of
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five Tanzanians, one Venezueran who were affected with common cold had fever of
at least 37.5 C to 38.5 C. On the patients who were suspected to have had malaria,
smear sampling of blood was made, and Giemsa staining test was performed. How-
ever, there was found no malaria protozoa shwoing ringstage, segmenter and game-
tocyte. Therefore, all patients were diagnosed as common cold. Tests for albumi-
nuria and urine urobilinogen did not reveal any significant change.

Table 6 indicates monthly statistics of onset of common cold, in which most of
the patients were found in the fall and winter. The upper row indicates the number
of patients and the lower the number of foreign visitors in each month. This shows
apparently higher morbidity rate of the visitors from tropical zone than those from
Europe and North America.

40 L' [_* D Tropical - group
Other - group

30 -
v
=
@
$ 20 |
(-9

10 =

1 2 3 4 5 6 7 14 21

Days after arrival

Figure 2 Number of day to onset of common cold after the arrival.

Table 6 Number of total visitors and common cold patients in each month for 5 years

'GF_I | Patients ~_ Month :

roup and visitors | Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
Common 6 6 6 4 7 0 0 0 2 18 2 5

A, B, C, D and | cold patients
E group (%) 222 240 94 6.3 11.3 0 0 0 1.2 103 13.5 62
Total visitors| 27 25 64 64 62 68 75 127 166 174 148 80
Common 0 0 1 0 0 0 0 0 0 1 1 1

Other country | cold patients
0 0 10.0 0 0 0 o 0 0 6.3 10.0 20.0

group (%) v e v Rt
_ | Total visitors | 7 5 10 5 4 2 3 3 8 16 10 5

Discussion

Not only sea men returning from abroad, but also people coming back from
abroad and visitors to Japan by air are increasing tremendously in number, owing
to increased overseas activities such as sightseeing, business trip, trade, academic
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research and study, technical aid and enterprises; more than 10,000 people are
coming into Japan everyday through both Tokyo and Osaka airports.

These people usually do not have enough knowledge on prevention and therapy
for tropical diseases. Their information is so limited that they get easily affected
and some of them died as reported by Ebisawa et al. (1973). Imported tropical
diseases found after the return are mainly malaria as reported by Ebisawa et al.
(1969), Tsubura et al. (1973), Ebisawa et al. (1973), Yamaguchi et al. (1973) and
Ebisawa et al. (1975).

Ebisawa et al. (1973) reported a detailed summerization of 73 patients found in
8 years from 1966 to 1973. According to this report, most of the patients had Pi.
vivax, Pl. falciparum and others had with Pl. ovale or Pl. malariae and were obliged to
return home. Diseases other than malaria are also imported. They are nema-
todiasis, as reported by Kamegai et al. (1976), smallpox from Bangladesh, which
was fortunately prevented from the 2nd affection in Japan by an appropriate
protection at quarantine as reportcd by Hino et al. (1973), and dengue fever reported
by Iwamoto (1973). In addition to these continuous reports of imported diseases,
recent reports of cholera found in Arita city, Wakayama, and cholera patients found
in Kobe who returned from on-board college gives us a warning that we, general
practitioners, should be always on the alert of these facts in our day to day check-ups.
The report of Kobari et al. (1973) on pest in Vietnam implies a possibility of other
diseases imported and brings up problems of inspection, early discovery and treatment
and prevention of the 2nd affection. '

As we had an opportunity of examining 112 foreign patients from 33 countries
visiting for job orientation at Matsushita Electric Co. Ltd. for 5 years from 1972 to
1976, we made a survey on medical records.

As shown in Table 4, visitors from A, B, C, D and E tropical regions showed
20.2 per cent of morbidity rate (98 out of 485 visitors), while visitors from the other
regions showed 29.8 per cent (14 patients out of 47 visitors). Fortunately we did
not find patients with protozoa diseases such as malaria and amebic dysentheria,
bacterial diseases such as cholera, typhoid fever, and virus diseases such as dengue
fever, smallpox and yellow fever. Unusual cases were patients with Tenia saginata
and a case with orchitis due to mumps infected before coming to Japan. Exractum
[filicis was prescribed for the Tenia saginata patient to excrete helminth, and the orchitis
patient was treated with antifebrile and intravenous infusion, antibiotics for pro-
tection from of the 2nd affection in the hospital, and both of them were cured.

Another significant finding of our research was the fact that many common cold
patients were found among visitors from tropical regions. According to the monthly
statistics, this shows different tendency from influenza prevalence in Japan and the
visitors get affected in fall, especially in October and November quite different from
the peak of influenza in Japan (Table 6). Moreover, most of them became sick
after a few days of their arrival. There is an assumption that the reason for this fact
is due to the difficulty in changing clothes and living customs, and slow adjustment
to the new environment of their sweat gland to control body temperature, and fatigue
as well as the fact that they are exposed to invasion of pathogenes into the respiratory
tract on the visit to a completely different climate. Therefore, we understand that
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early treatment and orientation to Japanese environment, especially to clothes, are
of vital importance as the preventive means for them who have had difficulty in using
their medical facilities in their home countries. Although import of typical tropical
diseases by foreign visitors was not found, there should be a possibility of missing some
diseases, and our examinations at Health Consultation Room were not enough
because checking points were blood test and stool examination only once.

We are convinced that the above mentioned two examinations are integral parts
of prevention of imported tropical diseases when we, general practitioners, examine
foreign patients in Japan.
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The parasite species and the continent or the area of infection of

malaria patients treated with primaquine

Species of | Southeast Asia | Oceania and South
malaria and Indian Papua- Africa America Total
parasites* subcontinent | New Guinea
P.y. 50 26 2% 1 79
P.f. 8 3 7 0 18
Pu.+P.f. 4 0 0 0 4
P.o. 0 0 8 0 8
P.m. 1 0 0 0 1
Total | 63 29 17 1 110
* P.f.=P. falciparum, P.m.=P. malarige, P.o.=P. ovale and P.v.=P. vivax.

# One case each of P. vivax infection from Ethiopia and Egypt.

HRRFEREMET AT ETAE
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Table 2 The parasite species and the sex
of malaria patients treated with

primaquine
Para:s1t: Male Female Total
species
~ Pu. 74 5 79
P.f. 16 2 18
P.o.+P.f. 4 0 4
P.o. 8 0 8
P.m. 1 0 1
Total | 103 | 7 | 110

* See footnote of Table 1.

RICB 2EWMBELIR, T LB~
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7o 1411 H 45mg R THZ 12845 2,
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BHTHEMBARREBROLD 5 HEHAWEZ3AD 24
&, BfER 12T L7z 1MTCH 5,
3. B M

TV =+ HARPOEZTLBEBL ©REH

Table 3 The parasite species and the duration and number of primaquine therapy

Parasite Number of Primaquine therapy
species*® patients Full course} | Short term** | Total
P.. 79 96 1 97
P.f. 18 8 14 22
Py.+P.f. 4 1 3 4
P, 8 8 0 8
P.m. 1 1 0 1
Total | 110 | 114 18 132

* See footnote of Table 1.

# A full course means 15 mg daily for 14 days, and 30 mg daily for 7 days in

2 cases of vivax malaria.

** A short term treatment means daily 15 mg for 12 days or less. It is usually

for 5 days in the case of falciparum malaria.
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Table 4 Vivax malaria patients who developed relapse following

primaquine therapy

Interval between the

Primaquine Number of Area of infection
therapy patients and number of patients last day of fever
and relapse
] Papua-New Guinea (2) 97 and 173 days
One course” 5 East Kalimantan (2) 141 and 142 days
’ India (1) Over 232 days
Papua-New Guinea (2 172 and 316 days
Two courses® 3 The Philippines (1)0( : 246 days y
Short ‘ 5 days 1 Sulawesi (1) 92 days
term 7 days 1 India (1) 34 days?
\ 12 days 1 The Philippines (1)° 68 days

a: 15 mg daily for 14 days.

b: Repetition of the above regimen 2 to 3 months apart.

¢: The same person.

He had to stop primaquine therapy after 12 days because

of psychiatric disturbance, relapsed after 68 days, and underwent 2 courses

of primaquine unsuccessfully. He was finally cured by 30 mg of primaquine

for 7 days.

d: This patient’s first illness was treated with clindamycin followed by 7 days of

primaquine which was suspended halfway because of shortage of the drug.
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Effect of primaquine on P. falciparum gametocyte
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Day after treatment started

Figure 1 Effect of primaquine on P. falciparum gametocyte.
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PRIMAQUINE TREATMENT OF MALARIA

Isao EBisawa anp TaTtsukicHi Muto
Received for publication 7 November 1977

Primaquine was given to 110 Japanese malaria patients 132 times for the eradication of P. falciparum
gametocytes or for the treatment of relapsing malarias.

1) Primaquine was tolerated well by the patients despite minor gastrointestinal discomforts. No
hemolytic anemia developed reflecting the extreme rarity of G-6-PD deficiency among the Japanese.

2) The exact failure rate of radical treatment of vivax malaria was not obtained as many patients
returned to malaria endemic areas to continue their work. There were two patients each from Papua-
New Guinea and Kalimantan and one case from India who relapsed after one course of therapy. Two
patients from Kalimantan and one patient from Papua-New Guinea were radically cured by the second
course of primaquine treatment. Another case from Papua-New Guinea was reinfected in the same
area and another case from India is free from malaria for 6 months after the second primaquine treat-
ment.

Three patients relapsed after two successive courses of primaquine treatment at an interval of two
to three months and were radically cured by 30 mg of primaquine given over seven days.

3) All the six ovale malaria patients were radically cured by one course of primaquine treatment.

4) P. falciparum gametocytes were sensitive to primaquine irrespective of the chloroquine-resistance
of the asexual form of the parasites. There was indication that the response to primaquine in the second
treatment was a little slower than in the first treatment.

The gametocytes in the untreated with primaquine patients, after they reached a peak level,
decreased logarithmically and their trend was expressed as log y=—ax+ 54, where x is the day after
treatment with schizontocidal drug, y the parasite count per g/ of blood, and a and b constants.
The equations in two patients were as follows. log y=—0.1366x-4.3870 and log y= —0.0869x+
3.6497.

Laboratory of Tropical Epidemiology, Institute of Medical Science, the University of Tokyo, Tokyo
108, Japan. Part of this work was supported by the WHO M2/181/125.
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PATHOLOGICAL STUDY ON EARLY CHANGES
OF CHOLERA PATIENTS

—Based on 21 Autopsied Materials—

ICHIRO SEKINE

Received for publication 10 November 1977

Abstract: 1) Morphological observations were made on 21 cholera patients who
were autopsied soon after death. Since 19 of the cases were those dying within 41 hours
after the onset, the changes with time in the early stage of cholera were studied.

2) Small intestinal mucosal abnormalities are represented by acute inflammatory
reactions and subsequent atrophic alteration of villous architecture. In these changes, the
increased reproduction of epithelial cells in crypts by inflammatory stimulus seems to play
an important role.

3) Increased secretion of excretory glands was seen in goblet cells of the small and
large intestines, in Paneth’s cells of the intestine, and in goblet cells of the bronchi in cases
of aspiration of gastric content. Increased secretion of pancreatic juice and bile was also
observed.

4) TItis speculated that cholera toxin is absorbed by the intestine or some stimulating
substance is produced in the intestine. This is suggested by a) reactions of the mesenteric
lymphnodes and spleen, b) fatty changes of the liver and kidney, and c) increased secretion
of pancreatic exocrine system.

5) The death may be attributed to cardiac failure and swelling of the brain resulting
from dehydration. Respiratory disturbance due to aspiration of gastric content should
also be considered. Renal changes in the early stage of the disease are mild and conse-
quent renal failure could have been prevented by proper transfusion.

INTRODUCTION

There have been few reports of pathological studies on systemic organs of
autopsied cholera patients except for the recent reports by Sun ¢t al. (1971) and
Norris (1973).  Studies on pathological changes in a specific organ of cholera patients
such as the intestine, kidney or adrenal are also scarce.

The present paper is to describe in detail the morphological findings of systemic
organs on the basis of autopsy materials, as well as to discuss the pathogenesis and
pathophysiology of the changes in cholera patients.

An attempt was made to find the characteristic changes of organs resulting from
cholera infection and development of the disease by observing morphological changes
of organs with the time after the onset. It was also attempted to study whether
or not the changes in systemic organs other than the gastro-intestinal tract which is

Department of Pathology, Atomic Disease Institute, School of Medicine. Department of Pathology,
Institute for Tropical Medicine, Nagasaki University, Nagasaki 852, Japan.
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the site of infection can be explained only by dehydration, as well as to verify whether
or not cholera toxin or some unknown factor is taken into the body.

The 21 autopsied cholera cases used as materials of this study were characterized
by the following.

1) Theinterval between onset and death was within 41 hours except in two cases
with the intervals of 7 days and 3 weeks.

2) Most of the patients were infants and children. Of the 21 cases, 16 cases
were at the age of 10 or younger.

3) These cases were autopsied shortly after death (within 2 hours in 20 cases),
and consequently the intestine and other organs could provide informations as well
as biopsy specimens.

MATERIALS AND METHODS

Among the patients who died in the cholera ward of the San Lazaro Hospital
in Manila between 1968 and 1970, 21 cases autopsied shortly after death were used
for this study (Table 1).

The occurrence of diarrhea was regarded as the onset of the disease. The
21 cases consisted of 11 cases of death within 14 hours after the onset, eight cases

Table 1 Autopsy cases of cholera in 1968-1970 in Manila

AR AR aferomer | anon POSUROM™ yipriy Diarhea pran Deby-
1 45 a few hs. 0:05 1:10 + ++ — H
2 6 a few hs. 1:10 4:00 + + 21 H
3 3 7 hs. 0:25 0: 45 + + — H
4 63 8 0: 05 0: 40 + H# — #
5 6 10 2:10 1:25 -+ ? 11 H#
6 20 10 3:20 1:50 ? ++ 11 4
7 8 10 8:15 1: 00 + i 3.51 H
8 2 11 2:10 0:50 + 1t 21 4+
9 4 12 2:10 0: 40 + t 11 H

10 3 13 0:30 1: 30 -+ ++ 1/41 ++
11 6mons 14 11: 00 0: 55 + 1 1/4 1 +
12 65 24 0:10 1: 10 + H — H
13 2 24 18: 00 0: 50 - ? ? H
14 5 30 24:00 1:05 — H 1.61 +
15 3 32 29: 00 2:40 + tH ? +
16 4 33 28: 00 1:20 -+ + 21 H
17 8 40 35:30 1:00 — HH 21 H
18 14 40 38: 00 2:05 + + 31 tH
19 1 41 32: 00 1: 00 + + 1.51 +
20 2 7 ds. 0:00 1:45 + + — H
21 6 mons 3 ws. 3 ws. 0: 50 ? + ? H
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during 24-41 hours and one case each of 7 days and 3 weeks. As classified by age,
16 cases were infants and children at age 10 or younger, two cases were at age 60 or
older, and three cases were between age 10 and 60. Frequent and voluminous
diarrhea and vomiting were observed in all the cases. At the time of death, 17 cases
showed severe dehydration.

Fever of 39-40 C was noted in seven infants and children. Transfusion of
lactated Ringer’s solution and administration of antibiotics were provided according
to the degree of dehydration after the admission. However, therapy was not provided
for the cases of death soon after the admission.

Bacteriological examination using rectal swab or intestinal content obtained at
autopsy was positive in 16 cases, negative in three cases and was not performed in
two other cases, in which, however, typical symptoms of cholera were manifest.

Efforts were made to perform autopsy as soon as possible after death and to open
the intestine for prompt fixation in order to prevent post-mortem changes, partic-
ularly autolysis of the intestinal mucosa. In fact, all the cases in this study were
autopsied within 4 hours after death. The blocks of tissues resected at autopsy were
fixed in Zenker-formalin solution and 10 per cent formalin solution, and tissue
sections were stained by ordinary stains and special staining methods for specific
organs and specific purposes.

REsuLTs AND COMMENTS
SMALL INTESTINE

Macroscopic findings:

Macroscopic findings described in autopsy protocols were available for 18 cases
(Table 2). Distension was noted in the cases of death over 24 hours after the
onset. In typical cases, a large amount of watery content, moderate edema of the
intestinal wall and advanced anemia of the mucosal surface were observed. The
mucosal surface was thickly covered with dense mucus in most cases. The intestinal
content was, at the early stage after the onset, turbid in whitish color mixed with
mucus appearing as so-called rice-watery stool, but with the lapse of time, it became
thick and the color turned to bile-stained green and yellow. Blood components
were contained in one case (No. 12). Ascaris and small roundworms were observed
in many cases. Ascaris occasionally formed a mass and the adjacent mucous
membrane was hyperemic.

Dissecting microscopic findings:

The dissecting microscopic pictures of the mucous membrane resected from the
upper and lower parts of the jejunum and the lower part of the ileum of 18 cases were
examined and photographed, and consequently the appearance of villi was classified
into five types (Table 2). :

I: finger-like II: tongue-shaped III: leaf-like

IV: ridge-formation (Photo. 1) V: convolution (Photo. 2)

There was no case of completely normal appearance. Even in type I, the villi
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were swollen showing cobblestone-like appearance (Photo. 3).  The appearance of
villi in cholera is considered to represent atrophy-like changes being essentially the
same as the changes of coeliac disease and non-tropical sprue. Deformity of villi
was more frequent in the jejunum than in the ileurn and more remarkable in the ridge
of circular folds than in the vallecula. Between the cases dying within 14 hours and
the cases dying after 24 hours atrophic changes were more remarkable in the latter
cases, suggesting that cholera is a progressive disease.

Table 2 Macroscopic and dissecting microscopic findings of small intestine

Distension Anemia Color

No. Age Time of of of Ascaris |Jejunum I.‘OWCr Ileum
after onset . . jejunum
mtestine mucosa content
2 6 a few hs. — ++ white many v Ic
3 3 7 + ++ yellow 9 v v 111
4 63 8 — — white 6 IVe Ic Ic
6 20 10 + +4 white 15 IIc Ilc Ic
7 8 10 — ++ white 58 Ve Ve IIlc
9 4 12 — — white 9 A% A% v
10 3 13 — — white 15 Illc v v
11 6 mons 14 ++ ++ yellow — \'% IIlc III
12 65 24 — — reddish 1 v ITIc IIIc
13 2 24 ++ + green 5 \Y% \Y% Illc
14 5 30 ++ — green 30 v Ic Ic
15 3 32 — + yellow 90 A% v IIIc
16 4 33 + + green 25 v 111 I11
17 8 40 — + yellow many A% IIc Ic
18 14 40 + + green 20 v ITIc IIlc
19 1 41 ++ + green — v \% IVe
20 2 7 ds. — + white — A% A% ITIc
21 6 mons 3 ws. 1+ + green - v A\'% v

I: finger-like, II: tongue-shaped, III: leaf-like, IV: ridge-formation, V: convolution,
c: cobblestone-like

Histological changes:

The histological changes of the small intestine were noted mostly in the mucosa
and were classified into two major types. In the first type, the basic architecture of
the mucosa was maintained but severe inflammatory cell infiltration of the lamina
propria and advanced desquamation and sloughing of the epithelial cells of villi
were noted (Photos. 4, 22). The second type involved architectural alteration of
villi together with blunting and fusing, resulting in the appearance of atrophy
(Photos. 5, 8, 14). The former was common in cases within 14 hours and the latter
in cases over 24 hours.

1) Changes of intestinal epithelial layer

No marked degeneration and necrosis were noted in the epithelial cells, but
cytoplasmic vacuolization of the upper half of villi was noted in one case (No. 11)
(Photos. 6, 7). Edematous slit adjacent to the basement membrane was seen
occasionally (Photo. 8). Although some reports imposed a significance to this change,
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it seemed to be a postmortem change or an artifact change during the preparation
(fixation) of specimens, since this change is seen also in the intestine of usual autopsy
other than cholera. As a postmortem change, desquamation and sloughing of the
epithelium are also noted in usual autopsy materials. In the present study, this
change was advanced (Photo. 22) in cases within 14 hours and slight in cases over
24 hours (Table 3). In consideration of the fact that the subjects of this study were
autopsied within a short time after death, the epithelium must have been in the state
to readily slough in the cases within 14 hours. Normal villous epithelium being
20-30 2 in height is taller than the cryptal epithelium but the height in cholera cases
was reduced to 16.8 4 in mean being shorter than the cryptal epithelium. The
epithelium in severely atrophic villi was cuboidal or flat (Photo. 9). The brush
border of the epithelium was preserved by PAS stains (Photo. 10). In the cases
with marked inflammatory cell infiltration of the lamina propria, the epithelium
was invaded by lymphocytes (Photos. 7, 9).

i1) Changes in lamina propria

The lamina propria was swollen by inflammatory cell infiltration and the villi
as a whole became blunting. Hyperemia was not noted. Only No. 12 showed

Table 3 Epithelial changes and villous fusion of small intestine

Desqua-  Degen-
No Age Time mation eration  Height of epithelium Villuos fusion
: 8¢ after onset of of Villus (1) Crypt (¢) Epithelial Proprial
epithelium epithelium

1 45 a few hs. — — 19 21 — -+
2 6 a few hs. ++ -+ 14 22 — —
3 3 7 1+ — 19 22 — —
4 63 8 ++ — 14 18 — —
5 6 10 + — 19 21 — —
6 20 10 + - 10 11 + +
7 8 10 +4 - 19 23 + +
8 2 11 - — 18 19 — —
9 4 12 + — 15 23 — —
10 3 13 ++ — 17 21 — -+
11 6 mons 14 — — 15 20 — +
12 65 24 ? ? 17 19 ? ?
13 2 24 - — 13 20 + Ht
14 5 30 + +H 14 20 + +
15 3 32 + - 19 22 + —
16 4 33 + — 18 23 - —
17 8 40 4 + 18 22 + ++
18 14 40 + — 20 23 + —
19 1 41 — — 18 20 + +H
20 2 7 ds. — — 21 22 + HH
21 6 mons 3 ws. — — 15 19 + +
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hemorrhagic enteritis. The central lacteal showed dilatation in part (Photo. 10)
but this was not characteristic. Inflammatory cell reaction was strong in the cases
within 14 hours (Table 4). Plasma cells were dominant (Photo. 11) with minimal
neutrophils in most cases but lymphocytes were dominant in some cases. Histiocytes
were increased in the cases over 24 hours (Photo. 12). In some of the cases within
14 hours, focal invasions of eosinophils were noted but there was no relation to the
parasitism of ascarides.

iii)  Atrophy of villi

Three sections each of the jejunum and ileum were obtained from the cases for
which the entire intestine was preserved upon formalin fixation, and histological
measurements were performed (Table 5).

The average mucosal height was 510y in cases within 14 hours and 442 4 in
cases over 24 hours, the latter being reduced by 13 per cent. The height of the
villus was 294 4 in cases within 14 hours and 206 x in cases over 24 hours showing a
reduction by 30 per cent, and the depth of the crypt was 182 4 in the former group
and 212 y in the latter group with an increase by 16 per cent. The mean value of
ratio of villous height and cryptal depth was 1.6 in cases within 14 hours and 1.0 in
cases over 24 hours. In comparison with the cases within 14 hours, the cases over

Table 4 Infiltration of inflammatory cells to lamina propria

Type of cell

. Severity
No. Age Time o . . .
after onset infiltration Lympho-  Plasma Histio- Eosinophil
cyte cell cyte (focal)
1 45 a few hs. +H + + +
2 6  afewhs. Ht 3 +
3 3 7 =+ + ++ + +
4 63 8 + t + + +
5 6 10 ++ b H
6 20 10 i + L +
7 8 10 H H
8 2 11 i + +H +
9 4 12 # +H it H
10 3 13 4 1 +
11 6 mons 14 ++ Ht + +
12 65 24 + + +4
13 2 24 + + + + +
14 5 30 + + H
15 3 32 + + ++
16 4 33 + + +
17 8 40 + + + +
18 14 40 + + + + +
19 1 41 + + H
20 2 7 ds. + + 1
21 6 mons 3 ws. + + + ++
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Table 5 Measurements of villus and crypt

Height Height Depth Number of

No. Age  qaime o of of of  Villus/Crypt  mitosis
mucosa villus crypt in 10 crypt
1 45 a few hs. 510 294 182 1.6 10.5
2 6 a few hs. 486 254 180 1.4 20.6
3 3 7 710 464 226 2.1 7.7
4 63 8 456 296 164 1.8 4.7
5 6 10 510 294 182 1.6 7.3
6 20 10 400 140 240 0.6 3.2
7 8 10 440 248 172 1.4 8.9
8 2 11 510 350 140 2.5 7.8
9 4 12 516 320 176 1.8 8.1
10 3 13 520 346 156 22 5.3
11 6 mons 14 560 236 192 1.2 7.1
Average 510 294 182 1.6
12 65 24 476 296 160 1.9 3.3
13 2 24 440 190 230 0.8 12.0
14 5 30 416 96 300 0.3 12.3
15 3 32 496 240 236 1.0 8.1
16 4 33 484 344 120 2.9 4.7
17 8 40 456 236 200 1.2 6.0
18 14 40 626 316 290 1.1 12.0
19 1 41 424 188 216 0.8 7.0
20 2 7 ds. 364 96 220 0.4 5.0
21 6 mons 3 ws. 236 64 152 0.4 3.4
Average 442 206 212 1.0

24 hours show the following characteristics; (1) the mucosal height is decreased,
(2) the height of the villus is decreased, and (3) the crypt is elongated.

iv) Fusion of villi

Fusion of villi which is usually considered characteristic to chronic enteritis was
observed in the subjects of this study. Fusion was seen only between the epithelial
layers of villi in mild cases (Photo. 13) but it involved the lamina propria in severe
cases (Photos. 5, 14). Thus the degree of fusion increased with time as shown in
Table 3. The architecture of reticulum fibers was observed by silver impregnation
for reticulum. This ranged from essentially normal architecture with broadening of
reticulum fibers due to the infiltration of inflammatory cells (Photo. 15) to what is
called colonization where reticulum fibers were already increased and communicated
with the lamina propria of the adjacent villi (Photo. 16). The villous fusions observed
in this study were not all the same. It was understood that some of the fusions had
been present prior to the onset and some others appeared after the onset.

v) Number of mitoses in the crypts
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The crypts are the sites of mitoses of epithelial cells and elongation of crypts
was observed in the subjects of this study (Photos. 4, 5, 14). In view of this, the
number of mitoses per crypt was measured instead of mitotic index, using 10 crypts
sectioned longitudinally exactly at the middle of cryptal lumens from among the six
intestinal sections per case (Table 5). The value in the subjects of this study was
0.78 per crypt against 0.5 in normal Japanese, indicating increase of cell division of
the epithelial cells.

vi) Goblet cells

Goblet cells as a whole showed increased secretion of mucus and were classified
into the following four phases: (1) Enlarged and filled with secretory granules
(Photo. 17), (2) secreting, (3) inside becomes reticular with the progress of excretion
(Photo. 18), (4) reduced in size upon completion of excretion (Photo. 10). In each
villus, the change from (1) to (4) was observed in order from the base to the tip.

The phases (1) and (2) were common in the cases within 14 hours and the phases
(3) and (4) in the cases over 24 hours. Most goblet cells of the crypt were in phases
(1) and (2), indicating slower reaction (Photo. 19).

vii) Paneth’s cells

"The secretory granules of Paneth’s cells were eosinophilic in Hematoxyline-Eosin
stain, and were stained red with azocarmine in Heidenhain’s stain and with Ponceau-
Fuchsin and Orange G in Masson’s trichrome stain.

Excretion of granules were enhanced in most of the cases. Granules were being
excreted into the cryptal lumen in some cells and excretion was completed in some
other cells becoming empty (Photo. 20). Granules were hardly recognized in the
cells of advanced change. Some granules were irregular in size and some others
were conglomerate to form coarse granules (Photo. 19). Some cells contained only
immature granules that were stained pale blue with Heidenhain’s azocarmine stain
and light green with Masson’s trichrome stain (Photo. 21). These findings were
seemed to be the result of enhanced secretion. There was no difference by the course
of time. In comparison between regions, degranulation was somewhat advanced
in the jejunum than in the ileum.

viii) Lymphoid tissues in intestine

Hyperplasia of solitary lumph follicles and Peyer’s patches were seen in most
of the infants and chidren (Photo. 22). Reaction was strong in the ileum but
hyperplasia of lymph follicles was also remarkable in the duodenum and the jejunum.
Follicles were swollen and the margin became indistinct. Nuclear debris in the
hyperplastic germinal center was also noted (Photo. 23). The changes in adult
cases and infant cases of 7 days and 3 weeks were minimal.

Comment on small intestine:

Morphological studies on the intestinal mucosa of cholera patients were origi-
nated by an autopsy report by Virchow (1879). He considered that the epithelium
of intestinal villi was denudated and the serum leaked from the lamina propria of the
mucosa, resulting in voluminous diarrhea. This concept was supported by Koch
(1892) and Deycke (1892) and had been believed to be correct for about 80 years.
However, Cohnheim (1889) and Goodpasture (1923) thought that denudation of the
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epithelium was rather a postmortem change.

Gangarosa ¢t al. (1960) performed intestinal biopsy in cholera patients using an
apparatus devised by Crosby (Shiner, 1957) and demonstrated that the intestinal
epithelium of cholera patients was not denudated. He further described that the
histopathological abnormality of the small intestine in cholera patients was acute
enteritis manifested by mononuclear cell infiltrantion, vascular congestion, marked
hyperplasia of goblet cells with eventual exhaustion atrophy and increased turn-over
of epithelial cells. He attributed atrophic alteration of villi in cholera to the super-
imposition of acute inflammation due to cholera on chronic atrophic enteritis due to
predisposing dietary and nutritional factors in individuals in epidemics. This concept
that acute inflammation due to cholera is superimposed on chronic enteritis is generally
supported in Western countries (Fresh et al., 1964). Recently, Pastore ¢t al. (1976)
reported that his histological biopsy study of cholera patients during an epidemic in
Southern Italy revealed no chronic sprue-like enteropathy in Western cholera
patients.

Certainly many investigators have reported that atrophy of villi is observed even
in individuals without diarrhea in tropical regions where cholera may be prevalent
(Russell et al., 1966; Chacko et al., 1969). Stransky and Dizon-Santos-Ocampo
(1957) found severe atrophy of the intestinal mucosa at autopsy of Philippinos with
malnutrition. Sprinz et al. (1962) examined intestinal biopsy specimens of Thai-
landers and reported that the intestinal mucosa of Thailanders of the lower socio-
economic stratum showed changed which were essentially the same as the changes in
patients of non-tropical sprue and idiopathic steatorrhea in Western countries, and
that the morphologic findings of the intestine in patients who had had the disease
one year previously and recovered from the disease were similar to the findings of
other Thai people who had never had cholera or any known gastrointestinal disease.

Watanabe et al. (1970) who reported previouly the morphological abnormalities
of the intestinal mucosa in 12 patients included in this study, first classified the
alteration of villi into the following three stages.

First stage: stage of inflammation — Inflammatory cell infiltration is marked
in the small intestinal mucosa.

Second stage: Stage of villous fusion — Blunting and fusing of villi dominate
the histological scene resulting in a tremendous decrease of surface area, while
inflammation in the lamina propria is subsiding.

Third stage: villous resolution — Fused villi are again spearated.

According to the relation between the time course of the disease and the features
of villous alterations, he paid attention to epithelial fusion observed in the second
stage and postulated that the fusion was an acute change. As the materials consisting
with the third stage were not obtained, this stage is still a theoretical one.

In the present study with nine additional cases those in Watanabe’s report,
alterations were classified into the first stage and the second stage. In comparison
of the cases within 14 hours and over 24 hours, reduced inflammation, flattened
epithelium, atrophy of villi and elongation of crypts were observed in the latter group,
and these alterations were considered to have resulted from cholera.

Sheehy et al. (1964) reported that partial villous atrophy was seen in infectious
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hepatitis. Collins (1965) and Collins and Isselbacher (1965) demostrated that
severe villous atrophy was observed in cases other than celiac disease and tropical
sprue, and reported that villous atrophy could be caused by numerous factors. This
indicated that, when a stimulus of any cause is applied to the small intestinal mucosa,
the intestinal villi may possibly result in atrophy (Gottlieb and Brandborg, 1966;
Schenk et al., 1967; Klipstein and Schenk, 1975).

The mitosis of epithelial cells in the intestinal mucosa occurs in the crypt and
the regenerated epithelium rises like an escarater on the surface of villus and is ejected
from the edge of the villus (Leblond and Walker, 1956; Kaku et al., 1962). The
life span of the epithelium of the small intestinal mucosa is very short being 27 to
30 hours in mouse, 48 hours in rat (Altmann and Enesco, 1967) and 2 to 3 days in
man. This suggests that advanced alteration of architecture of the small intestinal
mucosa may possibly take place during a short period of 2 to 3 days in acute enteritis.

Based on the experimental study by administration of Salmonella typhimurium
into the intestine of the guinea pig, Kunita (1972) reported that villous shortening,
villous adhesion, decrease of the villus-crypt ratio, and atrophic change noted in
sprue may possibly occur within a day in acute enteritis.

Abram et al. (1963) observed atrophy of villi and elongation of crypts in ex-
perimental Salmonella typhimurium enteritis, and also confirmed acceleration of epithelial
regeneration on autoradiography and concluded that this played an important role
in alteration of architecture of the mucosa.

Fuyjita (1971) has described from the aspect of cell dynamics that, when a certain
offensive factor is applied to the villus, extrusion of epithelial cells is accelerated and
proliferative reaction of the cells is enhanced; and consequently the crypt becomes
hyperplastic and the villus atrophic, and the small intestinal mucosa is covered with
immature villous cells and its absorptive function decreases. This theory is useful to
explain architectural alteration of the small intestinal mucosa caused by various
factors.

Vibrio cholerac does not directly invade the epithelium of villi and consequently
the damage to epithelial cells is minimal. However, the enhanced desquamation
as observed in the cases within 14 hours leads us to estimate the degeneration in
consideration of postmortem changes. Moreover, the advanced inflammatory cell
infiltration of the lamina propria suggests a great influence of offensive factors on the
intestinal mucosa. The number of mitoses of epithelial cells in the crypt was increased
in the subjects of this study.

Kent and Lindenbaum (1967) observed dense infiltration of inflammatory
cells in the lamina propria, decreased villus to crypt ratio and cuboidal change in
the epithelial cell in cholera patients, which were essentially the same as those of other
acute diarrheal disease found in the biopsy specimens in East Pakistan.

Asakura et al. (1973) conducted a biopsy study of cholera patients and control
subjects at the San Lazalo Hospital in Manila and observed atrophy of villi and
elongation of crypts in cholera patients, endorsing the results of examination in the
subjects of this study.

Inflammatory cell infiltration of the lamina propria is a finding which is un-
failingly described in all reports of autopsy and biopsy materials of the disease (Fresh
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et al., 1964). The same finding has been observed also in experimental cholera with
administration of Vibrio cholerae (Goldstein et al., 1966). There has been a report
that inflammation was not caused by the administration of cholera toxin (Steinberg
etal., 1975). This indicates the possibility that intestinal changes in cholera cannot be
explained only by cholera toxin.

There have been many reports that indicate congestion and hyperemia in the
lamina propria and submucosa (Fresh et al., 1964; Norris et al., 1965; Norris and
Majno, 1968; Sun et al., 1971). Morishita (1977) observed redness and hyperemia
in his endoscopic studies. The subjects in the present study were anemic except for
one case (No. 12) with bleeding of the mucosa.

Increment of permeability of blood vessels has been known as another important
biological activity of cholera toxin (Ghosh and Mukerjee, 1959; Craig, 1970;
Kamisaka, 1972). This activity has been observed mostly in the skin (Finkelstein
et al., 1966; Richardson, 1969; Hashimoto et al., 1974) but the relation with diar-
rhogenic activity in the intestine is being discussed (Sprinz, 1962). Increased
permeability is not participated by dilatation of vessels but is described as a cytotoxic
change of the endothelium (Dalldorf et al., 1969). There has been a report of ex-
perimental study that accumulation of fluid in dogs with Thiry-Vella loops was not
reduced despite the decrease of blood pressure of the mesenteric artery (Carpenter
et al., 1969).

These results indicate that hyperemia or congestion is not required for excretion
of water and that anemic intestinal mucosa in some cases of this study is not
unreasonable.

Enhanced excretion of goblet cells have been reported on many human and
experimental cases (Norris and Majno, 1968; Elliott et al., 1970; Blackman ¢t al.,
1974). Since the decrease of goblet cell mucus was seen only in cholera toxin in
comparison between shigella toxin and cholera toxin (Steinberg et al., 1975), enhanced
excretion of goblet cells may be the effect of cholera toxin. In this study also,
enhanced excretion was remarkable and the surface of the mucosa was covered with
a thick mucous coat. Increased production and excretion of mucus were observed
also in goblet cells of the colonic mucosa and the bronchial mucosa, and these changes
were considered to have the same mechanism as in the small intestine, namely cholera
toxin.

Paneth’s cells were present at the base of crypts and contained in the supranuclear
region granules of equal size measuring approximately 1 g and being eosinophilic
in staining. The secretory granules are known to be digestive enzymes but their
quality and physiological activity have not been thoroughly elucidated (Hally, 1958).
Thurbeck et al. (1960) repoted that the number of Paneth’s cells increased in tropical
sprue, whereas Shiner and Doniach (1960) have found no remarkable change.
There have been no report on the number of Paneth’s cells and their excretion in
cholera, but considerably enhanced excretion was noted in this study.

The intestinal changes in the subjects of this study may be summarized as follows.

1. The villous architecture of the small intestine showed sprue-like changes
in the course of time such as shortness of villi, villous fusion and elongation of crypts.
In some cases of this study, the sprue-like changes seemed to have been present prior
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to the onset of cholera but it was suggested that the changes were intensified during
the course of cholera. Cholera is an acute intestinal infectous disease with quite a
short course and little epithelial injuries, but the changes resulting therefrom are
sprue-like changes.

2. The intestinal epithelium seemed to be degenerated slightly. This was
suggested by the intensified epithelial desquamation as the change in agonal and
postmortem states. This desquamative change was remarkable in the cases within
14 hours.

3. The inflammatory cell infiltration in the lamina propria involving mostly
plasma cells and lymphocytes was remarkable in the cases within 14 hours. The
infiltrative cells were then replaced by histiocytes. The small intestine was anemic
without congestion and dilatation of blood vessels. Hyperplasia of lymphoid tissue
and reaction of germinal center were remarkable.

4. The number of mitoses increased in the crypt. This was considered due to
inflammatory stimulation. This resulted in expansion of the proliferative zone,
i.e., elongation of the crypt.

5. The exocrine cells such as goblet cells and Paneth’s cells showed enhanced
secretion.

STOMACH

Macroscopic findings:
Dilatation was noted in half of the cases and the internal cavity was filled with

gas, watery content and sometimes coffee ground-like material. There was no
erosion or ulcer and the mucosa was pale.

Histological findings:

Histological examination of the stomach was performed on 17 cases. Edema
of the lamina propria and submucosa, and inflammatory cell infiltration were not
observed (Photos. 24, 25). Slight desquamation of the mucous epithelium was seen
in half of the cases. Mucous cells of the epithelium showed enhanced excretion
(Photo. 24). Probably because of the enhanced excretion of zymogenic granules in
the chief cells, coarse density of intraplasmic zymogenic granules was noted in 60
per cent of the subjects, and such granules almost disappeared in four severe cases.
Parietal cells showed large vacuoles in the cytoplasm in six cases. Particularly in
severe cases, the cytoplasm was almost vacuolated (Photo. 26). Changes were
intensive in the neck portion of the gastric gland. Atrophic change of the mucosa
was noted in one (No. 4, age 63) of the two senile cases but not in the other case (No.
12, age 65) with hemorrhagic gastritis.

LARGE INTESTINE

Macroscopic findings:

Trichuris was seen in 10 cases. Meteorism (gas containing) was noted in four
cases and marked dilatation or relaxation of the colonic wall in five cases. The
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content ranged from rice-water like fluid to that mixed with bile and occasionally
with minimal blood coagula. The mucosa was covered with white mucus, and in
some cases, the content was scarce. The mucosa was pale except in four cases with
hyperemia.

Histological findings:

The main changes were increased secretion of goblet cells with slightly increased
desquamation of the epithelium of the free surface of the mucosa. The epithelial
desquamation was more intensive in the cases within 14 hours. Goblet cells were
either filled with mucus (Photo. 27), marked with secretion together with dilatation
of the gland (Photo. 29), or reduced in size upon completion of secretion (Photo. 29).
Round cell infiltration of the lamina propria was more intensive (Photo. 29) in the
cases within 14 hours. There was no infiltration of neutrophils. In case No. 20
(7 days), acute colitis with features such as dilatation of glands, formation of cryptal
abscess and severe inflammatory reaction of the lamina propria was noted.

Comment on stomach and large intestine:

Concerning findings of the stomach in cholera, no change is reported in some
reports and mild inflammatory reaction in some others (Gangarosa et al., 1960;
Pastore ef al., 1976). Inflammatory findings were scarce in this study. An increase
of secretion was suggested in exocrine cells, particularly chief cells and parietal cells.
A large amount of Vibrio cholerae and cholera toxin was included in the regurgitated
fluid from the intestine and it was possible” that the exocrine glands of the gastric

Table 6 Findings of stomach and large intestine

Stomach Large intestine
Vacuoli- Decrease Desqua- Cell
No Time zation of of mation | infiltra- Goblet cell
) after onset parietal granules of tion to Accumu- Secre- Post-
cell in  epithelium | propria  ration tion  secretion
chief cell

2 6  afew hs. + + + + H #H -
3 3 7 ? - i = — H H
4 63 8 + + - - aas + —
78 10 + = o 1 Ht i -
9 4 12 - - H H H h +
0 3 13 —~ + + + —~ H +
11 6 mons 14 + + ++ + — ++ —
12 65 24 + - + + + i +
13 2 24 & + + - H + -
14 5 30 — + + - + H —~
15 3 32 = + + - H ++ H
16 4 33 + — + + +H + —
17 8 40 + + — + H H +
18 14 40 ~ - it - H# i -
19 1 41 — - — + H +4 +
20 2 Tds. & + H H H H Hh
21 6 mons 3 ws. + + — + ++ ++ —
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mucosa were stimulated by cholera toxin.

In the large intestine, inflammatory reactions of the lamina propria and increase
of goblet cells in the epithelial layer were observed. These findings were compatible
with the reports by other investigators.

MESENTERIC LYMPHNODES

Macroscopic findings:

Examination of mesenteric lymphnodes was performed on 18 cases. Lymph-
nodes were palpable in all the cases and the swelling was remarkable especially in
infant and child cases within 14 hours. Lymphnodes of index finger size were seen
in heaps. The size was small in the cases of 7 days and 3 weeks. In the adult cases,
the number as well as the size were small. The swelling of lymphnodes in the other
regions was milder.

Histological findings:

The following three types were observed separately or in combination.

i) Swelling of lymph follicles and reaction of germinal centers (Photo. 31)

ii) Diffuse proliferation of lymphocytes (Photo. 32)

iii) Swelling and proliferation of reticulum cells.

There was no infiltration of neutrophils, eosiophils and plasma cells. Hyper-
plasia of lymph follicles with reaction of germinal centers was remarkable in the infant
and child cases within 14 hours, mild in the cases over 24 hours, and not seen in the
cases of 7 days and 3 weeks. Proliferation of lymphocytes filling the cords and
sinusoids was severe except in one case of 3 weeks and adult cases. Swelling of
reticulum cells and diffuse, scattered or sinusoidal proliferation were seen in half of
the cases and were severe in three cases. The reaction in all adult cases was mild.

SPLEEN

Macroscopic findings:
Moderate swelling of the spleen weighing 225 g and 190 g was respectively noted

in two of four adult cases. There was no definite swelling in the other two cases as
well as in the infant cases.

Histological findings:

There were great differences between infant and child cases and adult cases but
no differences by the lapse of time. In infant cases, lymph follicles increased in size
and particularly the germinal centers showed sizeable swelling, reaction and a
tendency of necrosis (Photo. 33). Larger germinal centers reached 600 p and many
cell debris showing destruction were seen (Photo. 34). The red pulps were abundant
in blood content which was distributed in both sinusoids and cords but mostly in the
former. Resolution of tissue was evident in seven cases. Most of cords showed
distension. Inflammatoly cell infiltration was generally mild, but polymorphonuclear
leukocytes, eosinophils, lymphocytes, plasma cells and reticulum cells were occasion-
ally noted. The above changes were slightest in the adult cases.
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Table 7 Microscopic findings of mesenteric lymphnode and spleen

Mesenteric lymphnode Spleen

Time Reaction Diffuse  Reaction Follicle Red pulp

No. Age of prolifera- of Swell-  Necrosis | Conges- Resolu-

after onset . . . . . .
follicle tion of  reticulum ing of germ- tion tion
lymphocyte cell inal center

2 6 afewhs | 1 i + W ¥
3 3 7 H i - + + -+
5 6 10 H + + -
7 8 10 Ht H i + b + 4+
5| 9 ¢+ 12 it e + “ I + -
Z 10 3 13 + 4 + + ++ + -
o | 11 6mons 14 + + - 1 4 + +
5113 2 24 H + + 8 H + ~
214 5 30 + 1 e - + + -
= |15 3 32 + +H — 1 +H - +
=l 4 33 - H + H H + o+
17 8 40 + K + + + oo
9 1 4 H i + o 5 + -
20 2 7ds. |~ e + + + £+
21 6 mons 3 ws. — — ++ + + + -
1 45 a few hs. + -+ + —
= | 4 63 8 - — + — + — —
Z]l6 20 10 + + + + - + -
<l12 65 24 ~ — + — + + —
18 14 40 | — ++ — + - + —

Comment on mesenteric lymphnodes and spleen:

Hyperplasia of lymphoid tissue in the intestinal wall has long been known.
Hyperplasia of mesenteric lymphnodes was noted also by Norris (1973). Reactions
of lymph follicles in the spleen were observed by Norris (1973) and Sun et al. (1971).
Norris (1973) described that the size of mesenteric lymphnodes and lymph follicles
in the spleen did not change.

It was clarified in this study that reactions of the spleen and mesenteric
lymphnodes were more remarkable in infants and children like lymphoid tissue of
the intestinal wall. The reactions of lymphoid tissues of the intestinal wall,
mesenteric lymphnodes and the spleen, especially lymph follicles, showed similarity
and were considered to have been developed by the same agent. It has been known
that the germinal centers of lymph follicles react to a shock but are not swollen.
The fact that only mesenteric lymphnodes were swollen among other lymphnodes
may suggest that this reaction was enterogenic, i.e., the possibility that some stimu-
lating substance was absorbed from or produced in the intestine.

LIVER

Moacroscopic findings:
There was no manifest increase in weight nor swelling in the parenchyma of the
liver. Acute congestion of moderate or severe degree was noted in 12 cases. The
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consistency was somewhat decreased. Fatty metamorphosis frequent in the cases
over 24 hours. The gall bladder was filled with a large amount of pale green bile
with hypoviscosity in many cases.

Histological findings:

Severe degeneration and necrosis of liver cells were not observed. Fatty
metamorphosis was observed in all cases (Photo. 35) except for case No. 4 and case
No. 5 with cirrhosis. Table 8 shows the degree of metamorphosis, size of fat droplets
and distribution in acini in corse of time. Since fatty liver in malnutrition was
frequent, nutritional state at the autopsy was also described. Fatty metamorphosis
was definitely severer in the cases over 24 hours as compared with the cases within
14 hours. Fat droplets were large in the cases of severe fatty metamorphosis (Photo.
36) and were fine in the cases of mild fatty metamorphosis (Photo. 37). The dis-
tribution in acini showed a tendency to shift from centroacinar one to diffuse one.
In the subjects of this study, nutritional state was not always poor as shown in the
Table and consequently there was no correlation between nutritional state and the
degree of fatty metamorphosis.

Mobilization of Kuppfer’s cells was seen in most cases (Photo. 38). Lymphocytes

Table 8 Fatty change of liver

Fatty change .
No. Age Time Degree Size of Distribution Nutritional
after onset fat droplet state
1 45 a few hs. =+ S D
2 6 a few hs. + S C M
3 3 7 + S C M G
4 63 8 — N
5 6 10 —
6 20 10 H L C
7 8 10 + S C N
8 2 11 + L D G
9 4 12 + M D M N
10 3 13 + L P B
11 6 mons 14 ++ S P N
12 65 24 1+ S D N
13 2 24 H L D G
14 5 30 ++ M P C B
15 3 32 H M P M G
16 4 33 HH M D N
17 8 40 H L D G
18 14 40 =+ S C G
19 1 41 H L D B
20 2 7 ds. H L P M
21 6 mons 3 ws. H L D B
S: small C: central G: good
M: medium M: mid zonal N: normal
L: large P: peripheral B: bad
D: diffuse
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and neutrophils, though few in number, were seen in the sinuses in half of the cases.
In the portal areas, mild round cell infiltration was seen, and dilatation of the branches
of the portal veins was noted in 13 cases.

Comment on liver:

In the autopsy reports by Sun ez al. (1971) and Norris (1973), fatty metamorpho-
sis of the liver was observed in numerous cholera patients. They attributed the
fatty metamorphosis to malnutrition and considered no relation to cholera infection.
In the present study, the nutritional state of patients was not necessarily poor. Fatty
metamorphosis was positively severe in the cases over 24 hours after the onset of
cholera as compared with the cases within 14 hours. It is possible that some of the
patients in this study had fatty metamorphosis before the onset of cholera. Never-
theless, it is certain that fatty metamorphosis of the liver was intensified by cholera
infection, and it is suggested that cholera infection may possibly induce fatty
metamorphosis of the liver.

As the possible mechanism, (1) direct effect of absorbed cholera toxin on the liver
through the portal tracts, (2) ischemia and anoxia due to shock resulting from
dehydration, and (3) acute nutritional deficiency resulting from dysfunction of the
small intestine because of cholera, can be considered.

PANCREAS

Histological findings:

Inflammatory changes were not seen in either the interstitium or parenchyma.
To examine the secretory condition of the pancreatic juice, zymogen granules in
acinar cells that are enzymic component were studied. Zymogen granules were
stained by Hematoxyline-eosin stain, PAS stain, Heidenhain’s azocarmine stain
and Launoy’s method, but Heidenhain’s azocarmine stain was the most effective.

In three cases dying within 8 hours after the onset, the secretion of zymogen
granules was likely to be just completed and the supranuclear portion or the entire
cytoplasm was foamy with a scanty amount of zymogen (Photo. 39). However,
the quantity and distribution of zymogen were different by acinus or individual cell.
Among six cases of 10-14 hours, zymogen granules were increased filling the cyto-
plasm in four cases (Photo. 40), and a moderate amount of zymogen granules together
with somewhat large vacuoles at the base of the cytoplasm were observed in two
other cases. A variety of quantity with a tendency of gradual decrease with time
was seen in seven cases of 24—41 hours. Mild atrophy of the acinus was shown in
one case of 40 hours (Photo. 41).

In two cases of 7 days and 3 weeks, zymogen granules were hardly recognized,
the acinus was atrophic and the lumen of the acinus was dilated containing dense
fluid material. Fibrosis was seen in the interacinar space (Photo. 42).

Comment on pancreas:

The results of this study suggest that the exocrine system of the pancreas might
be stimulated in its function for production and secretion of digestive juice in cholera.
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Table 9 Microscopical findings of pancreas

NO.  fier onset zymogon granule of achs Others
2 a few hs. + foamy in apex -
3 7 + foamy in supranucleus
4 8 + foamy in cytoplasm
6 10 1+
7 10 ++
8 11 1
9 12 + vacuole in base
10 13 + vacuole in base
11 14 +H
13 24 +
14 30 +H
15 32 +
16 33 +
17 40 +
18 40 — +
19 41 +
20 7 ds. — + dilatation of lumen
21 3 ws. — +4 dilatation of lumen, fibrosis

In the very early stage of the disease, microscopical examination of the acinar cell
yields the feature which is usually found after the secretion of zymogen granules.
In the second stage, 10-14 hours after the onset, the acinar cell is accumulated with
the granules. The cases with long time course show the exhaustion of acinar cells.

Watanabe (1968) described in his paper entitled “The importance of pancreatic
excretion from the standpoint of acute diarrheal diseases”, that as for the mechanism
of hypersecretion of digestive juice, taking cholera as an example, the following points
are to be taken into consideration:

1) Cholera toxin contains a secretin-like substance stimulating secretion of
pancreatic juice.

2) Cholera toxin directly stimulates the duodenal mucosa to release secretin.

3) Cholera toxin-induced inflammation of the duodenum itself leads to releasing
secretin.
The data reviewed here are concerned with secretion of zymogen granules that are
digestive enzymes. Greenough (1965) proposed the hypothesis that cholera is a
syndrome of hypersecretion of secretin or secretin-like hormons, secondary to stimu-
lation of the upper gut mucosa by cholera vibrios. Secretin causes the pancreas to
secrete a large amount of fluid containing bicarbonate with little enzymic activity.
Pancreozymin causes secretion of digestive enzymes. When they act coordinately,
a large volume of enzyme-rich pancreatic juice is secreted from the pancreas. Besides,
the pancreatic exocrine response is probably mediated by gastrin, glucagon and
vasoactive intestinal peptide (VIP). It is interesting to note whether the level of
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these hormones in blood is raised or not in the cholera patient (Morishita ef al., 1976).
Fujita et al. (1975) found the release of serotonin and some polypeptide but did not
find secretin nor pancreozymin from the rabbit duodenum by administration of
cholera toxin into the loop. At least, in human cholera, the severest inflammatory
condition is found in the duodenum, the mucosa of which shows edema and marked
infiltration of inflammatory round cells, besides the structural changes such as fusing
or atrophy of villi. This acute inflammation of the duodenum might be strong
enough to release some hormones from the duodenum which stimulate the pancreas.

There might be the possibility that the natural cholera stimulates the exocrine
cells of the digestive system including the stomach, intestines and pancreas to promote
their secretion and production.

LUNG

Macroscopic findings:
Hyperemia was recognized in six cases but the other cases were all anemic.

Mucous secretion in the trachea and bronchus was noted in one case within 14 hours
and in seven cases over 24 hours.

Histological findings:

Bronchial changes and pulmonary changes probably due to aspiration of gastric
content containing a large amount of Vibrio cholerae and cholera toxin were notable.

i) Bronchus

There was no such change as desquamation or erosion of the bronchial epithelium.
Acute bronchitis was observed in no more than two cases among 17 cases not including
three cases of chronic bronchitis. In some cases, the lumen of the bronchus was
filled with fluidal content and desquamative epithelia. In half of the cases, goblet
cells in the bronchial epithelium were increased in number, indicating increased
secretion or accelerated production of mucus (Photo. 43).

ii) Aspiration pneumonia

Severe aspiration pneumonia was not recognized but inflammatory reaction
seemingly due to aspiration was noted in 15 out of 20 cases. Infiltration of eosin-
ophils and lymphocytes and proliferation of macrophages phagotizing brown pigments
deriving from vomitus were seen in the intraalveolar or peribronchial region (Photo.
43). Infiltration of neutrophils was mostly mild. There was no appearance of
foreign giant cells.

Comment on lung:

Repeated vomitings were noted in most cases. The possibility of inhalation is
great especially in the state of cloudy consciousness. Dyspnea and cough were also
noted in many cases.

Norris (1973) reported that pulmonary pathology was noted in 87 per cent and
severe bronchopneumonia in 41 per cent. In the present study, reaction to aspiration
was recognized in 75 per cent although there was no case of severe bronchopneumonia
induced by cholera.
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Increased secretion of goblet cells in the bronchial epithelium was noticed by
Shozawa and Sekine (1974), who later suggested the possibility that the mucus leads
to obstruction of airway and reapiratory distress.

HEART

Macroscopic findings
Despite the prominent decrease of circulating blood by dehydration, the right

atrium and the right ventricle were filled with blood and the wall was dilated. The
blood was dark red and highly viscous because of severe dehydration.

Histological findings:

Myocarditis and necrotic foci of myocardium were not recognized. Vacuolation
of perinuclear cytoplasm was noted in 13 cases (Photo. 44). Staining of the myo-
cardium by Heidenhain’s azocarmine stain was irregular in 15 cases (Photo. 45).
This change showed no difference by time course or age. Fatty change disclosed
by oil-red O stain for fat was minimal, being recognized only in two cases of 40 hours
and 7 days.

Comment on heart:

The effects of cholera on hemodynamic, particularly hypovolemia and acidosis
have been described in detail by Harvey et al. (1968). The central blood volume
was large especially in the right atrium and the right ventricle that showed dilatation
also in the present study.

Anitschkow myocytes that were found by Goldstein et al. (1966) upon venous
injection of Vibrio cholerae to guinea pig and by Sun et al. (1971) in their autopsy cases,
were not observed on this histological examination. Focal myocarditis described
by Norris (1973) was not observed either.

In the present study, exhaustion of the myocardium was speculated in view of
the irregularity in staining by Heidenhain’s azocarmine stain and the perinuclear
vacuolar change.

Fatty change of myocytes observed in the liver and kidney was noted only in
two cases and it was quite minimal.

KIDNEY

Macroscopic findings:

The kidney showed no increase of weight nor swelling of parenchyma.

Histological findings:

There was neither interstitial edema nor round cell infiltration. The cortex
showed congestion in a few cases but it was obviously anemic in some other cases.
The medulla showed congestion in half of the cases. The glomeruli were not re-
markable. The tubular epithelium was tall with narrow lumen and scant content.

In eight of 11 cases dying within 14 hours after the onset, severe hyaline droplet
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Table 10 Microscopic findings of kidney

Noo Mg lme. gl Faty o Vi
formation

1 45 a few hs. + -
2 6 a few hs. + 4+ -
3 3 7 1 — —
4 63 8 +H -+ —
5 6 10 + + —
6 20 10 4+ —
7 8 10 " — _
8 2 11 +4 _
9 4 12 " _ -
10 3 13 1+ ¥ _
11 6 mons 14 ++ + —
12 65 24 1+ + _
13 2 24 s 14 _
14 5 30 4 n _
> 3 32 - 1 -
16 4 33 + W _
1 8 40 - Ht +
18 14 40 +H L _
19 1 41 + mn _
20 2 7 ds. — H H
21 6 mons 3 ws. + + 4+

formation focal to the neck portion of proximal tubules was observed (Photo. 46).
Hyaline droplets were also present at the urinary pole of Bowman’s capsule or in the
proximal convoluted tubules in some cases. Hyaline droplet formation of the
entire proximal tubules was seen in a few cases. Among the cases over 24 hours,
only two cases showed remarkable hyaline droplet formation.

Fatty change of the tubular epithelium was seen mostly in the cases over 24 hours
(Photo. 47), and the change was severe in five cases. The change extended to the
entire tubules in severe cases but localized to the proximal tubules in mild cases.
The fatty change of the kidney was comparable with that of the liver in its degree
in each patient.

Coarse vacuolation of the tubular epithelium as noted in hypokalemia was
seen in two cases of 7 days and 3 weeks (Photo. 48).

Patchy necrosis of the tubular epithelium was recognized only in one case of
40 hours (Photo. 49). Cloudy swelling or degeneration was severe in three cases
and mild in the other cases.

Comment on kidney:

The renal failure as a complication of cholera has been a matter of great concern.
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As a cause of this disturbance, the followings have been implicated; acute fall in
blood pressure (Basu, 1961), hemoconcentration, acidosis, anoxia (De et al., 1954)
and hypokalemia (Benyajati et al., 1960). Histological features in the cholera
kidney have been reported as necrosis and fatty change in the cortical tubules follow-
ing cortical ischemia and medullary congestion (De et al., 1954), and hypokalemic
vacuolation (Benyajati ¢¢ al., 1960).

Many observers accept recently the concept that hyalin-droplet formation is
due to reabsorption of the protein in the glomerular filtrate by the epithelium in the
proximal tubules. As total blood volume is decreased and the plasma protein is of
high concentration in the patient before establishment of rehydration, the volume
of the glomerular filtrate might be decreased and its concentration of protein might
be high. It is interesting that hyaline droplets were seen in many of our cases
especially in the cases dying within 14 hours and were strictly limited in and near the
neck portion of the tubules, probably because of decrease of volume and high con-
centration of protein in the glomerular filtrate. Droplets in the cases over 24 hours
disappeared, which might be digested in the cells within a short time after rehydration.

Fatty change should be progressive in the early stage of cholera. It is noticed
that fatty change corresponded between the kidney and liver. This might indicate
the presence of some simultanously acting factor in the blood causing this change to
the kidney and liver.

Hypokalemic nephropathy characterized by coarse vaculoation of tubular
epithelium was present in long standing cases, 7 days and 8 weeks. This is consistent
with the observation that the vacuolation takes about a week to develop in man.

In our cases of early stage of cholera patients dying before 41 hours, tubular
degeneration and necrosis were mild as some observers have reported.

ADRENALS

Histological findings:

Mild hyperemia was present in some cases. Inflammatory cell infiltration,
hemorrhage and focal necrosis of the cortical cells were not observed. Functional
changes due to hypovolemic shock were seen in the fascicular zone. Clear like cells
decreased and compact like cells (Photo. 50) increased with the course of time
especially in cases dying after 24 hours. Oil red O stain was performed on 10 cases
and marked decrease of lipid was recognized in two cases (Table 11).

Comment on adrenals:

Rich (1944) observed tubular formation involving inflammatory reactions of
the solid cords of the cells of the fascicular zone in diphtheria and other severe in-
fections, but no such changes were seen in the present study. De et al. (1955) reported
that they could not find any remarkable change by ordianary staining method in
examination of adrenals of cholera patients, and pointed out evidence of various
degrees of depletion of cortical lipid. They speculated that this might be the active
role of the cortex in response to the stress by dehydration of cholera. In our study
also, histological abnormalities were not observed in the cortex, and changes due to
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Table 11 Microscopic findings of lung, heart and adrenal gland

Lung Heart Adrenal gland
Time  Changes Hyper- Deple-
No. Age after onset by Peribron- secretion Vacuo- Irregu-  Predominant  tion of
aspira- chitis  of goblet lar larity in cell in lipid
tion cell  change staining cortex (oil red O)
1 45 afewhs. — — — + + clear, compact
2 6 a few hs, + - + + + +H
3 3 7 + - - t + -
4 63 8 — — - — + clear, compact
5 6 10 + — — — +
6 20 10 — chronic ++ + + clear
7 8 10 + + Ht + ++ compact
8 2 11 + - + +t +
9 4 12 + chronic + + — compact ++
10 3 13 + + — ++ + clear —
11 6 mons 14 + — + — -+ normal —
12 65 24 — — clear, compact
13 2 24 + chronic — + — clear —
14 5 30 -+ — +F -+ + compact +
15 3 32 -+ — H — — clear +
16 4 33 + — H# — — compact +
17 8 40 + — — — + compact
18 14 40 + + H + ++ compact
19 1 41 — — — ++ + compact, normal +
20 2 7 ds. -+ — — - — compact, normal
21 6 mons 3 ws. — — — ++ + clear

the stress which seemed physiological were seen in the fascicular zone.

BRAIN

Macroscopic findings:
Study of the brain was performed on five cases. The brain showed swelling

(Table 12). Particularly in two cases of age 2, the swelling of the brain was re-
markable, weighing 1,300 g, and showing tonsilar herniation.

Histological findings:
There were observed retraction of the nerve cell body and pericellular edema
(Photo. 51), both of which were considered ischemic changes.

Comment on brain:

The cerebro-neural symptoms observed in this series were cramps in three infant
and child cases and severe disturbance of consciousness in many cases. These
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symptoms were seemed due to circulatory disturbance of the brain caused by severe
hypovolemic shock. Cerebral swelling and histological abnormalities such as
edema and retraction of nerve cells seem to have resulted from ischemia and anoxia.
It is estimated that these changes should be related to the cause of death.

Table 12 Findings of brain

Weight Pressure Pericellular edema
No. Age of cone Cortex Basal

brain (g) ganglia
8 2 1,300 + + +
10 3 1,130 — - +
13 2 1,300 + + +
15 3 1,150 — + +
17 8 1,270 — + +

Concrusions

i) Effects of cholera on organs in the body

Unlike Shigella (Takeuchi et al., 1965), Vibrio choleae does not penetrate through
the intestinal epithelium nor does enter the blood via the lamina propria as seen in
Salmonella (Takeuchi and Sprinz, 1967; Takeuchi, 1971). There have been reports
that in rabbit cholera toxin was not found in the lamina propria or blood vessel
even when it was found in the supranuclear portion of the epithelium, and that in
mouse cholera toxin adhering the surface of microvilli would not penetrate through
the epithelium (Peterson et al., 1972).

The evidence that hyperglycemia and the increased levels of serum alkaline
phosphatase (SAL~P) and glutamic-oxalacetic transaminase (SGOT) resulting from
intravenous administration of cholera toxin in dog is not recognized in cholera
patients (Pierce ¢t al., 1972) supports that cholera toxin is hardly absorbed. However,
a minimal amount may be absorbed since the level of antitoxic antibodies in the
serum of the patients increases (Pierce et al., 1970). In the experiment of forming
two loops in the intestine of the rabbit and injecting crude cholera toxin in one loop
(Serebro et al., 1968), observed accumulation of fluid in the other adjacent loop in
which the mucosa had no direct contact with toxin, Vaughan-William and
Dohadwalla (1969) reported that injection of cholera toxin and Vibrio cholerae in
the intestine of one rabbit by cross circulation experiments on paired infant rabbits
resulted in accumulation of fluid and diarrhea in the intestine of the other rabbit.
These phenomena suggest that some diarrhogenic substance is present in the blood
affected by cholera toxin.

Fujita et al. (1975) found that cholera toxin administered into the rabbit duo-
denum caused severe degranulation of enterochromaffin cells especially of those cells
secreting serotonin and some peptide (Motilin?), and pointed out the possibility that
these are the circulating messengers of diarrhogenic action of cholera toxin.

cAMP was found by Sutherland and Rall (1958), Field et al. (1968) and Field
(1971) found that cAMP, theophylline and cholera toxin demonstrate the same
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mechanism in causing transport of fluid (Na* and Cl-) in the intestinal mucosa.
Subsequent studies (Chen et al., 1971; Kimberg et al., 1971) proved that cAMP and
adenyl cyclase are diarrhogenic factors in cholera.

In addition to diarrhogenic action, cholera toxin is known to have various
effects such as increased skin capillary permeability, enhancement of lipolysis by rat
epididymal fat cells (Vaughan et al., 1970), increase of adenyl cyclase activity in
mouse liver cells (Gorman and Bitensky, 1972), and stimulation of glycogenolysis in
human platelets (Zieve et al., 1971) and rat liver cells. Morishita (1977) has observed
increased level of cAMP in the blood of cholera patients.

If cholera is an event limited only to the intestinal lumen and its adjacent mucous
epithelium with little or no absorption of cholera toxin, the changes in the body by
cholera except for gastrointestinal changes and pulmonary changes due to aspiration
must be secondary to hypovolemic shock, acidosis and hypokalemia resulting from
dehydration.

In this study, some findings that cannot be explained only by dehydration
resulting from diarrhea were found in some organs. First, these changes are
hyperplasia of the mesenteric lymphnodes and inflammatory reactions of the spleen.
Hyperplasia and reaction of the lymphoid tissues in the intestinal wall are under-
standable since these tissue are located where stimuli are directly received. However,
the changes of the mesenteric lymphnodes and the spleen suggest the presence in the
body of some stimulating substance deriving from the intestine.

Secondly, the changes are seen in the liver. Fatty metamorphosis of liver cells
is hardly explained as a change due to dehydration. The liver is an organ easily
influenced by the intestine through the portal vein. Pierce et al. (1972) observed
hyperglycemia and increased levels of SGOT and SAL-P after parenteral admini-
stration of cholera toxin. The change of glycogen is related to cAMP. SGOT and
SAL-P are also considered to derive from the liver.

The third changes are fatty change of renal cells, which is severe despite the mild
change of the tubular epithelium due to circulation disturbance. The fourth changes
are the increased production and secretion of zymogen granules in the pancreas.
Consequently, factors deriving from the intestine seem to be active in various parts of
the body. Sun et al. (1971) noted Anitschkow myocytes in the myocardium of
cholera patients and damage to endothelial cells of the small blood vessel, although
these changes were not observed in our series, and he attributed these changes to
possible evidence of the toxicity of cholera toxin. This may also provide an
endorsement.

ii) Cause of death in cholera patients

In comparative studies of autopsy findings between cholera patients dying before
and after 1960, Norris (1973) states that over 50 per cent of patients (Cash et al., 1973)
dying of cholera succumbed of renal failure before 1960 but the frequency of renal
lesions decreased to 5 per cent after 1960, and attributes this improvement to transfusion.

In the present study, the renal lesions were so mild as to be the possible cause
of death. This may be due to the fact that most of the patients in this study died
within 2 days after the onset before the appearance of severe renal lesions and they
were provided with transfusion.



216

Dying of dehydration may be explained morphologically by cardiac failure due to
exhaustion of myocardium and by herniation of tonsils due to swelling of the brain.

Respiratory disturbance due to aspiration of gastric content may also be con-
sidered as the cause of death in some cases.
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Photo. I Dissecting microscopic findings of the upper jejunum of No. 4., 63-year-old male of 8
hours. Almost villi are leaf like and many of them form ridges.

Photo. 2 Dissecting microscopic findings of the upper jejunum of No. 15., 3-year-old child of 32
hours. Convolutions are predominant features, which resemble a cerebral hemisphere,
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hours. Each villus is separated with tongue shape essentially. But the view of the
mucosa appears cobblestone-like because of blunting of the villi.

SR - s N
Photo. 4 Jejunum in No. 3., 3-year-old child of 7 hours.

The essential architecture of the villi is similar to that of the normal. Each villus is se-
parated without fusions. The goblet cells are diminished in the free surface of the villi
because of completion of secretion. The lamina propria is expanded by inflammatory
cell infiltration. Villus to crypt ratio is about 1.5.

Alcian blue-PAS-Masson’s trichrome.  x 90.
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Photo. 5 Jejunum in No. 19., 1-year-old child of 41 hours.

The villi are atrophic. In the tip of the circular fold, the villi show fusions with the

The crypts are elongated. Villus to crypt ratio is about 1.0 or less.
Heidenhain’s azocarmine. % 90.

lamina propria.

Photo. 6 Jejunum in No. 11., 6-month-old infant of 14 hours.
The villi are short and bulbous (blunt). The surfaced epithelium is degenerated. The
lamina propria shows hypércellularity by inflammation.,
Alcian blue-PAS-Masson’s trichrome, X 180,
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Photo. 7 Higher magnification of Photo. 6, Surfaced epitheli especially in the tip of the villus
show intracytoplasmic vacuolation. Inflammatory cells migrate into the epithelial cell.

H. & E. %360,

Jejunum in No. 19., 1-year-old child of 41 hours.
Note tissue slits in the subepithelial region which contain fluidal material and inflam-
matory round cells.

Heidenhain’s azocarmine. % 90,
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-, -
Jejunum in No. 13., 2-year-old child of 12 hours.
Note cuboidal change of the epithelium.
propria shows hypercellularity.
H. & E. x720.

The brush border is preserved. The lamina

Jejunum in No. 3., 3-year-old child of 7 hours.

the villus. The brush border is preserved. Goblet cells are diminished in size because
of completion of secretion. The central lacteal is dilated.
Alcian blue-PAS- Masson’s trichrome. % 480,

Note the tall columnar epithelium of
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Photo. 11 Jejunum in No. 7., 8-year-old child of 10 hours.
Note extensive infiltration of plasma cells to the lamina propria.
H. & E. x720.

Photo. 12 Jejunum in No. 16., 4-year-old child of 33 hours.

Note proliferation of histiocytes in the lamina propria.
H, & E. x720.
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Photo. 13 Jejunum in No. 19., 1-year-old child of 41 hours.

Note fusion involving the surfaced epithelium of the two villi, The brush border is
preserved. The size of goblet is increased.
Heidenhain’s azocarmin., % 360.

Jejunum in No. 13., 2-year-old child of 24 hours.

Note fusion involving the lamina propria. ~Also epithelial fusions are
crypt ratio is 0.8 to 1.0. The surfaced epithelium is cuboidal. The
is moderate in the lamina propria.

H. & E. x120.

seen.  Villus to
hypercellularity
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Photo. 15 Jejunum in No. 7., 8-year-old child of 10 hours.
The essential architecture of the reticulum fibers of the villus is separated but the lam-
ina propria is broadened by inflammatory cell infiltration.
Silver impregnation for reticulum.  x 180.

%
Photo. 16 Jejunum in No. 17., 8-year-old child of 40 hours.

Villi are fused with the lamina propria. The reticulum fibers show dence proliferation.
Silver impregnation for reticulum.  x 180,
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Jejunum in No. 9., 4-year-old child of 12 hours.
The amount of the mucus in the goblet cells is prominently increased.

The secretion

already begins.
Alcian blue-PAS-Masson’s trichrome,  x 480,

b o
Jejunum in No. 19., -year-old child of 41 hours.
The cytoplasm of the goblet cells is pale and sparse,
completion of exretion.
Alcian blue-PAS-Masson’s trichrome. . x 720.

which suggests the stage near the
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Photo. 19 Heum in No. 7., 8-year-old child of 10 hours.
The apical portions of Paneth cell are pale and foamy likely to be
cretion of granules, Conglomerated granules are seen in some Paneth cells.

Alcian blue-PAS-Masson’s trichrome.  x 720.

completion of ex

74

Photo. 20 Ileum in No. 9., 4-year-old child of 12 hours.
The apical portion of Paneth cell shows the foamy trace of excretory granules.
Alcian blue-PAS-Masson’s trichrome. % 900.
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& * - ,
Ileum in No. 7., 8-year-old child of 10 hours.

The apical portion of Paneth cells contains fine light green stained granules which are
These granules are being secreated.

Photo. 21

suggested to be immature granules.
Alcian blue-PAS-Masson’s trichrome. % 900.

Photo. 22 Tleum in No. 9., 4-year-old child of 12 hours. :
Lymph follicles in the mucosa are hyperplastic. Desquamation of epithelium is severe.

Alcian blue-PAS-Masson’s trichrome. X 48.
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Photo. 23  ileum in No. 9., the same case as Photo. 22.
Note reaction of the germinal center of hyperplastic lymph follicle, which shows cell

debris due to necrobiosis of the tissue.

H. & E. x120.

Gastric mucosa in No. 2., 6-year-old child dying in a few hours after onset, showing

Photo. 24
Edema and inflammatory cell infiltra-

hypersecretion of mucus covering the mucosa.
tion does not present in the mucosa and submucosa.

Alcian blue-PAS-Masson’s trichrome.  x48.



Photo. 25 Gastric mucosa in No. 13., 2-year-old child of 24 hours.
Note absence of edema or hypercellularity of the lamina propria. Some parietal cells
In this case, the surface epithelium is almost intact

show intracytoplasmic vacuole,
without desquamation.
H. & E. x180.

Photo. 26 Neck portion of gastric gland in No. 2., the same case as Photo. 24. Parietal cells

disclose large vacuoles in the cytoplasm.

CH. & E. x360.
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Photo. 27 Colonic mucosa in No. 2., 6-year-old child, dying in a few hours after onset. Goblet
cells are filled with a large amount of mucus. Secretion of mucin already begins.
Alcian blue-PAS-Masson’s trichrome. % 240,

=

Photo. 28 Colonic mucosa in No. 9., 4-year-old child of 12 hours. Hypersecretion of goblet
cells. In the upper two third of the crypts, the goblet cells are pale and reticular be-
cause of early secretory activity. Those of the lower third preserve the mucus. The
lamina propria shows a moderate infiltration of inflammatory cells.

Alcian blue-PAS-Masson’s trichrome.  x 240.
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Photo. 29 Colonic mucosa in No. 10., 3-year-old child of 13 hours. The lumina of the glands
are dilated and filled with mucus. An amount of mucin in the cytoplasm is decreased
by completion of secretion. The lamina propria shows advanced hypercellularity.
Some lymphocytes migrate into the glandular epithelium. ,
Alcian blue-PAS-Masson’s trichrome,  x 240,

. L
Colonic mucosa in No. 20., 2-year-old child of 7 days.
Note irregular dilatation of the crypts associated with hypersecretion of mucus. Cell
infiltration is prominent in the mucosa.
Alcian blue-PAS-Masson’s trichrome.  x 90.

Photo. 30
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Photo. 31 Mesenteric lymphnode in No. 7., 8-year-old child of 10 hours. Note increase of num-

ber and size of follicles with marked hyperplasia of germinal center.
H. & E. x36.

Photo. 32 Mesenteric lymphnode in No. 14., 5-year-old child of 30 hours.  Note diffuse prolife~
ration of lymphocytes. There is no hyperplasia of lymph follicles.
H. & E. x36.
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Photo. 33 Spleen in No. 15., 3-year-old child of 32 hours.
Note hyperplasia of follicles especially of germinal centers which are necrotic.

gins of follicles are indistinct. N ’ :
H. & E. x36.

Mar-

IR i

Photo. 34 Magnituded view of Photo. 33. Germinal centers show hyperplasia with destruction

of tissue. Note resolution of red pulps.
H. & E. x120,

S
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Photo. 35 Liver with fat stain in No. 15. Distribution of fatty metamorphosis is peri- and cen-
troacinar. Degree of metamorphosis is moderate.

Oil red O stain,  x 36.

Photo. 36 Liver in No. 13., 2-year-old child of 24 hours. Note advanced fatty metamorphosis.
Large and small fat droplets are seen in the hepatic cells. Congestion is mild in this
specimen.

Heidenhain’s azocarmine. X 360,



239

Photo. 37 Liver in No. 15., 3-year-old child of 32 hours. Fat droplets of metamorphosis are me-
dium in size. Congestion is seen in this case.

Heidenhain’s azocarmine. X 360,

Photo. 38 Liver in No. 7., 8-year-old child of 10 hours.
Fatty metamorphosis is mild. Mobilization and hyperplasia of the Kuppfer’s cell are
noted.

Heidenhain’s azocarmine, % 720,
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Photo. 39 Pancreas in No. 4., 63-year-old male of 7 hours.
The apical portion of the acinar cells is foamy or finely vacuolated. It looks like the
state just after secretion of zymogen granules.

Heidenhain’s azocarmine.  x 480,

Photo. 40 Pancreas in No. 6., 20-year-old female of 10 hours.
A large amount of zymogen granules is accumulated in the cytoplasm of the acinar

cells.
Heidenhain’s azocarmine.  x 480,



Photo. 41  Pancreas in No. 20., 2-year-old child of 7 days.
The acinar cells are atrophic, and do not contain zymogen granules. Somewhat di-
lated lumina of the acini are filled with blue stained material.
Heidenhain’s azocarmine. < 480,

A 5

Photo. 42 Pancréas in No. 21., 6-month-old infant of 3 weeks.
The acinar cells show atrophy, surrounded by inter-acinar fibrosis. The lumina of

the acini contain dense fluid.
Heidenhain’s azocarmine. X 480,
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Photo. 43 Lung in No. 18., 14-year-old girl of 40 hours.
The Bronchial mucosa shows hypersecretion of mucus from goblet cells. The lumen
of the bronchus contains fluid admixed with mucus. Inflammatory cell infiltration
due to inhalation of gastric content is seen in the peribronchial region.
H. & E. x48.

Photo. 44 Heart in No. 19., l-year-old child of 41 hours.
Note large vacuolation of myocardial cells.
Heidenhain’s azocarmine,  x 360,
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Photo. 45 Heart in No. 18., 14~year-old girl of 40 hours.
Note irregularity of myocardial cells in staining by Heidenhain’s azocarmine stain.

There is no evidence of necrosis of myocardium or myocarditis.

Heidenhain’s azocarmine, < 360.

Photo. 46 Kidney in No. 7., 8-year-old child of 10 hours,
The neck portion and proximal regions of the tubules disclose hyaline droplet forma-

tion. Droplets are conglomerated in the neck portion.
PAS.  x480.
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Photo. 47 Kidney in No. 17., 8-year-old child of 40 hours.
Fatty change of the tubular epithelium is severe, and predominant in the proximal
tubules.
Oil red O stain. % 90.

Photo. 48 Kidney in
Hypokalemic vacuolar change is advanced in the cases of 7 days and 3 weeks.

Heidenhain’s azocarmine. X 360.



Photo. 4

9 Kidney in No. 17., 8-year-old child of 40 hours.
Note patchy necrosis of the cortex. The proximal tubules are more affected.

Heidenhain's azocarmine.  x 360.

Photo. 50 Adrenal gland in No. 4., 63-year-old male of 8 hours.

The outer half of the cortex shows clear and foamy change of the cortical cells and the
inner half shows compact like cells, Note no evidence of severe damage of the paren-
chymal cell or inflammatory cell infiltration in the interstitium.

Heidenhain’s azocarmine. X 360.
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Photo. 51 Brain in 24 hours.
Note retraction of the nerve cell body and perinuclear edema.

H. & E. x360.
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