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Spanish Influenza in Japanese
Armed Forces, 1918-1920

Akihiko Kawana,* Go Naka,* Yuji Fujikura,* Yasuyuki Kato,* Yasutaka Mizuno,* Tatsuya Kondo,*
and Koichiro Kudo*

With the recent outbreaks of avian influenza A (H5N 1),
the risk for the next influenza pandemic has increased. For
effective countermeasures against the next pandemic,
investigation of past pandemics is necessary. We selected
cases diagnosed as influenza from medical records and
hospitalization registries of Japanese army hospitals during
1918-1920, the Spanish influenza era, and investigated
clinical features and circumstances of outbreaks.
Admission lists showed a sudden increase in the number of
inpatients with influenza in November 1918 and showed
the effect of the first wave of this pandemic in Tokyo. The
death rate was high (6%-8%) even though patients were
otherwise healthy male adults.

Because of the emergence of avian influenza A (H5N1)
virus in Southeast Asia, potential evolution of a novel
type of influenza in the near future is of great concern
(4,2). If an outbreak of a novel form of influenza occurs, a
major worldwide pandemic is predicted because humans
would not have immunity against this virus. To take effec-
tive countermeasures against new pandemics, investiga-
tion of past pandemics is essential. '
Four pandemics occurred in the 20th century: Spanish
flu in 1918, Asian flu in 1957, Hong Kong flu in 1968, and
Russian flu in 1977 (3,4). Spanish influenza was the
largest pandemic, and Japan was seriously affected.
Despite abundant public records related to Spanish
influenza, few primary documents, such as medical
records, remain in Japan. Recently, medical records from
the early 20th century were found in the depository of the
International Medical Center of Japan (IMCJ) Hospital,
Tokyo. We used these records to investigate the clinical
characteristics of Spanish influenza. To help prepare coun-
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termeasures, we investigated the outbreak situation, clini-
cal findings, and outcomes of Spanish influenza in the
Japanese military during 1918-1920.

Patients and Methods

The documents were stored at the medical history
depository of IMCJ Hospital, at the medical records and
hospitalization registries of Tokyo First Army Hospital (a
predecessor of IMCJ Hospital), and at the Fifth Japanese
Army Garrison Hospital, Krasnoyarsk, Russia. Medical
records in which influenza was diagnosed between
January 1918 and December 1920 were selected. Because
the influenza virus had not yet been discovered at that
time, no serologic or virologic diagnostic methods for
influenza infection were available, and no examinations
such as chest radiographs were performed. Thus, the diag-
nosis flu (kanbo in Japanese) was defined as clinical
influenza.

Three types of documents were investigated. The first
type was the hospitalization registry of Tokyo First Army
Hospital, in which records of 127 patients from January
1918 through November 1918 were included. Because
these records were bound, it was assumed that no records
were missing. The second type was the medical records of
132 patients at the Fifth Japanese Army Garrison Hospital
in Russia from March 1919 through April 1920. These
records were also bound, and it was again assumed that no
records were missing. The third type was the medical
records of 419 patients at Tokyo First Army Hospital from
January 1918 through May 1920. These records were not
associated with time and were partially discontinuous,
which indicated that some records (dates) were missing.

Information on the hospitals (e.g., numbers of beds
and physicians) was unclear. This research was reviewed
and approved by the research review boards at IMCJ
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Hospital. Statistical significance of between-group differ-
ences was analyzed by using the Mann-Whitney U test. A
p value <0.05 was considered statistically significant.

Results

We first investigated hospitalization registries of
Tokyo First Army Hospital from January to November
1918. These registries had the names and diagnoses of
patients admitted to the hospital on a monthly basis.
Numbers of patients admitted for respiratory infectious
disease during this period are shown in the Figure. Cases
diagnosed as pneumonia, acute bronchitis, and influenza
were classified as respiratory infectious diseases. Although
records of patients with tuberculosis were found, we
excluded them from this study. In the 10-month period
from January to October, the mean (+ standard deviation)
monthly numbers of patients with pneumonia, acute bron-
chitis, and influenza were 10.9 £ 6.5, 10.0£3.6,and 1.8
4.1, respectively (22.7 £ 9.6 for all 3 illnesses). Death rates
from pneumonia, bronchitis, and influenza during this
period were 3.4% (4/116), 0% (0/109), and 0% (0/18),
respectively. The number of influenza patients suddenly
increased to 109 in November, and 9 of them died (8%).
Because our information about these 109 patients was
found only in the hospitalization registries (the patients’
medical records were not found), we could not. identify
their clinical symptoms. However, it can be assumed that
the hospital experienced the first wave of Spanish influen-
za in November 1918. Because no hospitalization registry
before this period was found, comparison with outbreaks
in average years was not possible.

We then investigated the medical records of the Fifth
Japanese Army Garrison Hospital, which may have been a
Japanese military field hospital in Krasnoyarsk, Russia.
These records covered 2 years (1919 and 1920), but most
cases of clinical influenza were concentrated in
May-November 1919. All 132 cases were in infantrymen
1949 years of age (mean + standard deviation 22.7 £ 4.1
years); 47% had been farmers before entering the military,
and 72% had no recorded medical histories. The initial
symptom was sudden fever in 116 patients (94%),
headache in 101 (81%), chills in 92 (74%), cough in 86
(69%), general malaise in 60 (48%), appetite loss in 56
(45%), pharyngalgia in 45 (36%), arthralgia/myalgia in 33
(27%), and vomiting/diarrhea in 27 (22%). On admission,
reddish pharynx was noted in 105 (85%), coated tongue in
95 (77%), thoracic rale in 71 (57%), facial flush in 24
(19%), and conjunctival congestion in 16 (13%). The peri-
od from onset to admission was 4.7 + 3.9 days (range 0-24
days), the duration of hospitalization was 14.8 + 12.0 days
(range 3-79 days), and the death rate was 6.0% (8/132). A
comparison of 124 patients who survived and 8 who died
is shown in the Table. In the patients who died, body

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 13, No. 4, April 2007

Spanish Influenza in Japanese Armed Forces, 1918-1920

120
O Pneumnornia
100 B Acuts bronclitis
109 patients, 9 (B%) e
u Céinical infhuarza of whom died

Figure. Number of patients hospitalized for respiratory infection,
Tokyo First Army Hospital, 1918.

temperature and pulse rate were higher at the time of hos-
pital admission, and thoracic rale and an “agonized facial
expression” (a painful expression as reported by Japanese
doctors) were observed in many patients. The death rate
was higher in patients who had digestive symptoms, but
the difference was not statistically significant. In fatal
cases, the patients died an average of 13.9 days after
symptom onset and 7.1 days after admission.

Fever patterns in 132 patients were classified as typi-
cal (fever resolved in <10 days after onset), prolonged
(fever persisted for >10 days), biphasic (fever resolved and
then recurred), and other (unclassifiable). A total of 77
(58%), 38 (29%), 7 (5%), and 10 (8%) patients, respective-
ly, were classified as these types.

Discussion

Once a pandemic occurs, it may cause large-scale
effects worldwide; various countries and organizations,
including the World Health Organization, must prepare for
such a situation (5,6). To take countermeasures against
pandemics, past pandemics should be further investigated.
Researchers are particularly interested in the biggest pan-
demic of the 20th century, Spanish influenza in 1918.
Influenza A (HIN1) virus was the causative agent of
Spanish influenza. However, this pandemic occurred
almost 90 years ago, which makes investigation difficuit.

Virus genes have been isolated from lung samples of
patients who died of Spanish influenza. The nucleotide
sequences of these genes have been determined, and the
viral characteristics have been reported (7,8). However, the
only method that can clarify the pathophysiology of
Spanish influenza is investigation of the medical records at
the time of the pandemic. Thus, the discovery of medical
records and hospitalization registries of the Spanish
influenza pandemic is useful. Although we studied only
patients in Japan, studying patients in the Japanese Army
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Table. Characteristics of patients who survived influenza with those who died of influenza, Fifth Japanese Army Garrison Hospital,

1919-1920*

Characteristic Patients who survived (n = 124) Patients who died (n = 8) p value
Age,y 227 22.8 >0.9
Medical history 31/116 2/8 >0.9
Body temperature at time of hospitalization, °C 38.7 39.9 0.0005
Heart rate, beats/min 106 0.004
Rales ' 63/116 8/8 0.01
Reddening of throat 98/116 7/8 >0.9
Digestive symptoms 23/116 4/8 0.07
“Agonized facial expression™t 5/116 3/8 0.009
No. days from onset of iliness to hospitalization 45 6.8 0.14
No. days hospitalized 14.8 71 0.04

*Mann-Whitney U test was used to test differences between the 2 groups. Fisher exact fest was used to test differences in the ratio of the cross-
calculation table. One case (at day 79) was excluded. This patient was admitted to the hospital with flulike symptoms but died of a bacterial infection.

1A painful expression as reported by Japanese doctors.

Garrison hospital in Russia may provide a clue to the con-
ditions of the influenza outbreak in that region.

Many theories exist as to the source of Spanish
influenza, but the first reported case in the United States
likely occurred in March 1918 (3). After that, it spread
worldwide through 1920. Of the 1.8-2.0 billion persons in
the world at that time, 600 million were affected and 20-40
million died from this disease (9). In Japan, 23 million per-
sons were affected, and 390,000 died. The first wave
occurred in Japan in August 1918, and many cases were
reported in Tokyo in mid-October (10,11). Hospitalization
registries of the Tokyo First Army Hospital showed a sud-
den increase in admissions for influenza in November
1918; this outbreak may have been the beginning of the
Spanish influenza pandemic in Japan.

Because the patients were all soldiers in the Japanese
army, they were essentially healthy men. Medical records
indicated that the soldiers did not go home for long periods
and lived together in barracks without external contact.
Once a virus infection occurred, it may have caused an out-
break among the soldiers within a short time. Initial symp-
toms were fever, headache, chills, and cough, and their
frequency was not different from those of patients with sea-
sonal or ordinary influenza. When cases in patients who
survived were compared with those in patients who died
(Table), high fever, tachycardia, thoracic rale, and an “ago-
nized facial expression” were associated with poor out-
comes. All treatments were antisymptomatic supportive
therapy, and none of the drugs used was typical of modern
medical care. Thus, most cases may not have been affected
by treatments. The duration of hospitalization was shorter
for patients who died, perhaps due to rapid exacerbation of
symptoms and discharge within a short time.

Frequencies of hemoptysis and bloody sputum were
reportedly high in patients with Spanish influenza (12), but
high frequency of these signs was not observed in these
patients, perhaps because of the limitation of our investiga-
tion to symptoms at the time of hospital admission. Bloody

5§92

sputum was noted during hospitalization for some patients,
but these episodes were excluded from the analysis
because many descriptions of it during hospitalization
were difficult to read. Because chest radiographs were not
taken, we cannot discuss complications of pneumonia and
its characteristics. However, chest auscultation indicated
rales in 57% of the patients, which suggests that many
patients also had pneumonia. Generally, complication by
secondary bacterial pneumonia prolongs fever and leads to
relapses (13).

To evaluate the presence of complications by bacterial
pneumonia, we classified the fever patterns. Fever pattern
was prolonged or biphasic in approximately one third of the
patients, which suggests that many patients had secondary
bacterial infection. The death rate was 6%—8%, and patients
died an average of 2 weeks after onset of symptoms. The
former Japanese Ministry of the Interior reported that the
mean death rate from Spanish influenza in Japan was
1.21%-5.29% (11), but the death rate for our study patients
was higher. The death rate from influenza is high for
patients >65 years of age, but the death rate from Spanish
influenza was also reported to be high for persons 20-30
years of age (14,15). The mean age of the population inves-
tigated was 22.7 years. Persons 20-30 years of age had the
highest death rate and this may have been the reason for the
overall higher death rate. The cause of a high death rate in
young persons is unclear, but it may have been related to
poor immunity because they had not previously been
exposed to influenza virus. It may have also been related to
poor conditions in military field hospitals at the end of
World War L. Poor conditions in military field hospitals in
foreign countries have also been reported (16,17).

Our study shows that when a novel influenza virus
emerges, a large-scale outbreak can suddenly occur in
large groups living together, such as military personnel.
However, our data were incomplete because many docu-
ments were missing and radiographs were not available.
Diagnoses were made solely on the basis of clinical symp-
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toms, but this was unavoidable because no definitive viro-
logic diagnostic techniques were available at that time.

We now have new tools against influenza, such as
antiviral agents, vaccines, and rapid diagnostic methods,
that were not available during the Spanish influenza pan-
demic. However, during the first wave of an outbreak of a
new form of influenza, infection would be difficult to
avoid and is likely to occur. To prepare for the next pan-
demic, a surveillance system for early detection of an out-
break (I8), specific vaccines and rapid diagnostic test kits,
and effective treatment strategies must be developed.
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KEYWORDS Summary

Pre-travet Background: Simultaneous vaccination is not common in Japan because there is little
vaccinations; information available on its effects. Some people are quite concerned about the possibility
Simultaneous of adverse reactions due to simultaneous vaccination. The objective of this study was to
administration; evaluate whether the frequency and severity of adverse effects are increased by
Post-vaccination simultaneous vaccination in comparison to single vaccination.

adverse reactions Method: A retrospective observational study was conducted in 399 asymptomatic

travelers who visited the travel clinic during the period January-July 2005. One hundred
forty-two participants were given a single vaccination, 257 participants were given
simultaneous vaccination. Travel-specific vaccinations were for hepatitis A, hepatitis 8,
tetanus, rabies and Japanese encephalitis, and routine vaccines were for diphtheria+te-
tanus, measles, mumps and oral polio vaccine. To evaluate adverse effects, travelers were .
asked to complete a prepared questionnaire after vaccination.

Results: Adverse effects were reported by 26.3% of travelers, with 21.8% reporting local
reactions and 4.5% reporting systemic reactions. The simultaneous vaccination group
reported significantly more frequent adverse effects than those reported by the single
vaccination group. Particularly, tetanus vaccination was shown to significantly raise the
risk of adverse effects (P<0.001). However, no serious adverse effects were reported.
Conclusions: Simultaneous vaccination was feasible for Japanese travelers because most
problems were generally minor and related to local reactions at the sites of injections.
Provision of a simultaneous vaccination schedule should motivate more Japanese travelers
to obtain immunizations and thereby reduce the risk of vaccine-preventable diseases.

© 2006 Elsevier Ltd. All rights reserved.

Introduction
*Corresponding author. Tel.: +81332027181;
fax: +81332057860. The number of Japanese travelers who visit abroad has
E-mail address: y-mizuno®it.imcj.go.jp (Y. Mizuno). increased rapidly in recent years. According to data
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reported in Trends in International Tourism, " a publication of
the Japan Association of Travel Agents, approximately 16.8
million Japanese people traveled to intemational destina-
tions in 2004. Although pre-travel vaccinations constitute an
important part of the preparation for international travel,
particularly to developing countries, many Japanese trave-
lers find it difficult to find the time needed for adequate
vaccinations before their departure. Therefore, simulta-
neous vaccination is suggested frequently during pre-travel
counseling.? However, simultaneous vaccination is still
uncommon in Japan, and some travelers are concerned
about the adverse effects because data regarding the
adverse effects of simultaneous immunization with different
vaccines are sparse.

Although, some reports are available in Western countries
on the tolerability of vaccines used simultaneously,** the
data cannot be applied directly to Japanese travelers
because they can only receive vaccines approved and
registered by the Japanese government. We evaluated in
this study whether the frequency and severity of adverse
effects are increased by simultaneous vaccination in
comparison to single vaccination in the Japanese setting.

Methods

A retrospective observational study was undertaken of
asymptomatic 959 travelers who visited our clinic to receive
vaccination during the period January-July 2005, prior to
their departure. The 399 study participants of them who
could check their adverse effects on their second visit were
abte to be grouped as either single or simultaneous vaccine
receivers.

Travel-specific vaccinations were for hepatitis A (Aimmu-
gen, Kaketsuken, Japan), hepatitis B (Bimmugen, Kaketsu-
ken), tetanus (Adsorbed Tetanus Toxoid, Seiken, Japan),
rabies (Inactivated Tissue Culture Rabies Vaccine, Kaketsu-
ken), and Japanese encephalitis (Beijing strain, Takeda,
Japan), and routine vaccines were for diphtheria+tetanus,
measles, mumps and oral polio vaccine. Each vaccine, with
the exception of the oral polio vaccine, was administered
subcutaneously into the outer aspect of the upper arm.
Simultaneous injections, when they were given in the same
arm, were separated as far as possible.

To evaluate adverse effects, all participants were asked
to complete subjectively during their second visit to the
clinic a prepared questionnaire, which contained such
detailed questions as about the duration and severity of
systemic reactions such as fatigue, discomfort, drowsiness
and feeling hot and about location and severity of local
reactions such as swelling, soreness, itching, lump and
numbness.® Adverse effects were classified by duration as
short, adverse effects persisting for less than 1 day;
intermediate, adverse effects persisting for 1-6 days; or
long, adverse effects persisting for more than 6 days.> Odds
ratios and 95% confidence intervals (Cl) were computed by
means of multiple logistic regression analysis. Association
between the number of vaccines and the frequency of
adverse events was calculated by y? test. The statistical
analyses including Wald method for Cl were performed using
STATA 8.0 (STATA Corporation, TX, USA).

Results

The participants are those who came to the clinic at least
twice for receiving booster or another type of vaccine, who
comprised 244 males and 155 females. The total response
rate is 399 out of 959 (41.6%). The mean age and standard
deviations are 34.2+14.28 years (ranged from 0 to 79,
median at 34). One hundred forty-two participants (35.6%)
received a single vaccination: for hepatitis A (n=63),
hepatitis B (n=23), tetanus (n= 24), rabies (n=20),
Japanese encephalitis (n = 1), or other diseases (n= 11).
Two hundred fifty-seven participants (64.4%) were given
simultaneous vaccination: two vaccines, n=123; three
vaccines, n=90; four vaccines, n=37; five vaccines,
n=7, (Table 1). The most frequent combination of
simultaneous vaccines was hepatitis A+hepatitis B+tetanus
(23.7%), followed by hepatitis A+tetanus (18.1%) and
hepatitis A+hepatitis B (12.6%).

One hundred five participants (26.3%) complained of
adverse effects, of which 87 complained of local reactions,
and 18 complained of systemic reactions. The most frequent
adverse effect was swelling at the injection site in 49 cases,
which may have been caused by the tetanus vaccine.
Soreness was reported in 23 cases and local itching in 14
cases (Table 2). Age and sex were not associated with
frequency of adverse reactions.

Adverse effects were reported as short in 41 cases (39%),
intermediate in 49 cases (46.7%) and long in 15 cases
(14.3%). However, no serious adverse effects were reported,
and all adverse effects resolved without sequelae. Age and
sex were not associated with duration of adverse reactions.
in comparison to effects reported after a single vaccination,
the frequency of adverse effects increased significantly with
the number of vaccinations (Table 3). The frequencies of
long adverse effects and intermediate adverse effects were
also associated with the number of shots. However, the
frequency of short adverse effects was not associated with
the number of shots (Table 3).

Among the nine types of vaccinations, tetanus vaccination
was shown to significantly raise the risk of adverse effects
(P<0.001) (Table 4), particularly that of intermediate
adverse effects (P<0.001). Even with adjustment for the
number of injections, tetanus vaccination still increased the
risk of intermediate adverse effects (Table 5). In addition,
the number of injections was significantly related to adverse
effects even when adjustment for tetanus was made. When
local and systemic adverse effects were analyzed sepa-
rately, the number of shots and tetanus vaccination were
shown to increase the risk of local adverse effects but not of
systemic adverse effects.

Discussion

Although some procedures for simultaneous vaccination have
been approved by the Japanese government since 1994, they
have not been established among clinical practitioners
because of the lack of standard protocols for travel-related
vaccinations. Another serious issue is that most of the travel
vaccines we use are manufactured in Japan. Therefore, data
pertaining to Western vaccines in the field of travel medicine
cannot be applied directly to Japan.
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Table 1 Characteristics of clients receiving single and multiple vaccines.

Total Single vaccination group (n = 142) (%) Simultaneous vaccination
(n=399) group (n = 257) (%)
Sex .
Male 244 61.2 75 52.9 169 65.8
Female 155 38.8 67 45 88 34.2
Mean age +SD (years) 34.2+14.8 33.4+16.9 34.7+13.5
Vaccines
Hepatitis A 272 68.2 63 4.4 209 81.3
Hepatitis B 189 47.4 23 16.2 166 64.6
Tetanus 215 53.9 24 16.9 191 74.3
Rabies 105 26.3 20 14.1 85 33.1
JE 37 9.3 1 0.7 36 14
DT 6 1.5 6 - 4.2 0 0
Measles 5 1.3 2 1.4 3 1.2
Mumps 2 0.5 0 0 2 0.8
oPV 8 2 1 0.7 7 2.7

SD, standard deviation.
JE, Japanese encephalitis.
DT, diphtheria+tetanus.
OPV, oral polio vaccine.

Table 2  Types of adverse effects with single and simultaneous vaccinations.

Adverse Total (n = 105) (%) Single vaccination (n = 17) (%) Simultaneous vaccination (n =

effects 88) (%)

Local* 87 82.9 11 64.7 76 86.4
Swelling 49 46.7 6 35.3 43 48.9
Soreness 23 21.9 3 17.6 20 22.7
Itching 14 13.3 0 0 14 15.9
Lump 1" 10.5 2 11.8 9 10.2
Numbness 2 1.9 0 0 2 2.3

Systemic 18 17.1 6 35.3 12 13.6
Fatigue 8 7.6 2 11.8 6 6.8
Discomfort 4 3.8 1 5.9 3 34
Drowsiness 2 1.9 2 11.8 0 0
Feeling hot 2 1.9 1 5.9 1 1.1
Others 2 1.9 0 0 2 2.3

*More than one adverse effect were to be reported.

Table 3  Risk of adverse effects and number of vaccines given.

Number of Total AE (n = 105) Long AE (n = 15) Intermediate AE (n =49)  Short AE (n = 41)

vaccines
OR (95% CI)* P value OR (95% Ch)* Pvalue OR (95% CI)* Pvalue OR (95% CI)* P value

One 1 1 1 1

Two 3.54 (1.88-6.66) <0.001 0.77 (0.13-4.66) NS** 11.2 (3.29-38.3) <0.001 1.53 (0.67-3.51) NS
Three or  4.10 (2.21-7.61) <0.001 3.74 (1.01-13.9) 0.049 9.10 (2.66-31.2) <0.001 1.61(0.72-3.62) NS
more

AE, adverse effects.
*0dds ratio and 95% confidence interval (with Wald method) were computed with multiple logistic regression analysis.
**Not significant.
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Table 4 Association between the type of vaccine and frequency of adverse effects.

Total AE Long AE Intermediate AE Short AE P value*

Hepatitis A n =272 (68%) 74 (27%) 12 32 30 NS
Hepatitis B n = 189 (42%) 54 (29%) 8 24 22 NS
Tetanus n =215 (54%) 81 (38%) 11 43 27 <0.001
Rabies n =105 (26%) 32 (39%) 6 17 9 NS
JE n =37 (9%) 15 (41%) 3 7 5 NS
DT n==6 (1.5%) 1 (17%) 0 0 1 NS
Measles n=>5(1.3%) 0 (0%) 0 0 0 NS
Mumps n =2 (0.5%) 0 (0%) 0 0 0 NS
OorPV n=28 (2.0%) 2 (25%) 0 0 2 NS
*P value was calculated by #? tests.
AE, adverse effects.
JE, Japanese encephalitis.
DT, diphtheria+tetanus.
OPYV, oral polio vaccine.
NS, not significant.
Table 5 Risk of adverse effects for tetanus vaccine and number of vaccines given.
Number of Total AE (n = 105) Long AE (n = 15) . Intermediate AE (n = 49) Short AE (n = 41)
vaccines

OR (95% Ch* Pvalue OR (95% C))* Pvalue OR (95% CI)* Pvalue OR (95% CI)* P vatue
Tetanus 2.85 (1.58-5.16) ‘0.001 2.85 (1.58-5.16)  0.001 4.64 (1.79-12.0) 0.002 1.60 (0.71-3.62) NS
One 1 1 1 1
Two 2.29 (1.15-4.54) 0.018 2.29 (1.15-4.54)  0.018 6.04 (1.67-21.8) 0.006 1.24 (0.50-3.08) NS
Three or 2.09 (1.02-4.30) 0.044 2.09 (1.02-4.30) 0.044 3.63 (0.97-13.6) 0.056 1.18 (0.45-3.11) NS
more
Number of Total AE (n = 105) Local AE (n = 87) Systemic AE (n = 18)
vaccines

OR (95% ChH* Pvalue OR (95% CI)* Pvalue OR (95% CI)* P value
Tetanus 2.85 (1.58-5.16) 0.00t 3.27 (1.70-6.29) <0.001 1.17 (0.344.02) NS
One 1 1 1
Two 2.29 (1.15-4.54) 0.018 3.15 (1.45-6.88) 0.004 0.53 (0.12-2.40) NS
Three or 2.09 (1.02-4.30) 0.044 2.32 (1.02-5.25) 0.044 1.47 (0.38-5.68) NS
more

AE, adverse effects.
NS, not significant.

*0dds ratio and 95% confidence interval (with Wald method) were computed with multiple logistic regression analysis.

Most reports discuss the association between two differ-
ent vaccines such as hepatitis A and hepatitis B,®7 hepatitis
A and typhoid,®° hepatitis A and vyellow fever'® or
pneumococcal and influenza vaccines,’"''? on immunogeni-
city, reactogenicity and tolerability. However, reports on
adverse effects of simultaneous vaccines against more than
three diseases are sparse. In the present study, adverse
effects increased with increases in the number of vaccines,
and in particular, local adverse effects increased signifi-
cantly with the number of vaccines. Multiple logistic
regression analysis revealed that tetanus vaccine was
responsible for intermediate adverse effects; however,
there was no significant relation between tetanus vaccine
and short adverse effects.

In a German study® and American study,* adverse effects
after simultaneous vaccination occurred more frequently
than in the present study. This may be partly because most
travel vaccines used in Japan are administered subcuta-
neously and partly because some vaccines for hepatitis A,
rabies and Japanese encephalitis do not contain aluminum
salts as adjuvants to enhance immune response. Antibody
titers and seroconversion rates in each participant were not
measured in this study, but cross-interference is reported to
be significantly slight even when vaccines are used
simultaneously in Japanese travelers.?

Regardless of the differences in vaccinations
between Western countries and Japan, the present study
showed a convincingly low level of adverse effects due to

— 153 —



Simultaneous vaccination in Japanese travelers

89

simultaneous vaccination in Japanese travelers. Although
adverse effects increased with increases in the number of
vaccines, there were no unusual adverse events; that is,
there were no reactions not already listed in the printed
materials provided with each vaccine made in Japan.
However, there were some limitations in the present study;
although the number of vaccine combinations were large,
study population was relatively small to address the issue of
whether specific combinations are more likely to lead to
increased toxicity; adverse effects were subjectively de-
scribed on the questionnaire according to the patients’
complaints or inconvenience, so that the side effects are not
confirmed by trained observers or doctors.

In conclusion, simultaneous vaccination was feasible for
the majority of Japanese travelers because most problems
were related to local reactions at the sites of injections.
Although the frequenciés of adverse effects were associated
with the number of vaccines, the reactions are generally
minor or tolerable. Provision of a simultaneous vaccination
schedule should motivate more Japanese travelers to obtain
immunizations and thereby reduce the risk of vaccine-
preventable diseases. This should also have a positive
influence on travelers’ compliance.
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Abstract We witnessed outbreaks of multidrug-resistant
(MDR) and drug-resistant Pseudomonas aeruginosa at a
hospital in Tokyo, Japan, during the period September 2004
through May 2005. The first outbreak occurred in Septem-
ber and October 2004. Three isolates of MDR P. aeruginosa
were identificd from urine samples obtained from three
nonambulatory immunodeficient patients in one ward.
After 3 weeks. another outbreak of P. aeruginosa occurred
in the hematology ward on the same floor of the hospital.
During the outbreaks, environmental surveys were con-
ducted twice in each of the two wards, at 2-week intervals,
to identify the sources of the pathogens. A total of 23 P.
aeruginosa isolates, including 11 from environmental
sources, were analyzed for chromosomal DNA typing by
pulsed-ficld gel electrophoresis, for O-antigen serotyping,
and for other typing. Results revealed two causative clones,
as well as environmental contamination by P. aeruginosa
clones on the surfaces of urine volume-measuring devices
in rooms where urine is handled, which may have been
sources of the pathogens during the outbreaks. To prevent
further outbreaks, we performed the following: (a) environ-
mental surface monitoring for drug-resistant P. aeruginosa,
(b) active surveillance of specimens, (c) strict isolation of
infected paticnts or carriers of MDR P. aeruginosa. (d) rig-
orous contact precautions, and (e) disinfection with 70%
alcohol on the surfaces of apparatuses contaminated by
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MDR or drug-resistant P. aeruginosa and in the rooms
where urine is handled. As a result, the outbreaks were
contained.
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Introduction

Nosocomial infection caused by Pseudomonas aeruginosa
has been recognized as an important problem in hospitals
in recent years because of the danger posed to immunocom-
promised patients.' Nosocomial P. aeruginosa is usually
multidrug-resistant (MDRY), which is not well-defined inter-
nationally,” but is defined in Japan as resistance to im-
ipenem (IPM; minimum inhibitory concentration [MIC],
216 pg/ml), amikacin (AMK; MIC, 232 pg/ml), and cipro-
floxacin (CPFX; MIC, >4 pg/ml).’

Recently, we experienced outbreaks of P. aeruginosa at
the 925-bed International Medical Center Hospital in
Tokyo. We successfully controlied these outbreaks within
several months. Here, we report how we controlled the
outbreaks and determined the cause, the method of trans-
mission. the patterns of drug resistance, and genotyping by
pulsed-field gel electrophoresis (PFGE) of the causative P.
aeruginosa isolates from clinical and environmental sources
in the hospital.

Methods

The first outbreak occurred in one ward (5S. the south part
of the fifth floor) in September and October 2004. Three
isolates of MDR P. aeruginosa were oblained from urine
taken from three nonambulatory immunodeficient patients.
The three patients were hospitalized during overlapping
periods (Fig. 1). After 3 weeks, another outbreak of P.
aeruginosa occurred in the hematology ward (5N, the north
part of the fifth floor) on the same floor in the hospital. The
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Fig. 1. Time course of Pseudomonas acruginosa Ol1 detection in the
hospital. The paraliel lines indicate the periods of hospitalization.
Bluck arrows. day of P. aeruginosa O11 detection: white arrows. day
of environmental investigation for multidrug-resistant P. aeruginosa

causative isolates were not MDR P. acruginosa, but they
were AMK-sensitive and IPM- and CPFX-resistant. P. aeru-
ginosa was consecutively isolated from three urine samples,
one sputum sample, and one pharynx swab from five differ-
ent patients in the ward. Each of these five patients had a
serious underlying disease but was ambulatory. Two more
patients were infected with P. aeruginosa 1 month later (Fig.
1). Two patients in other wards (13S and 13N, the south and
north parts of the thirteenth floor, respectively) were found
to have sporadic infections with P. aeruginosa during the
same period or several weeks later (Fig. 1). The infections
were contained by May 2005.

To determine the causc of the outbreaks and to prevent
additional cases. an epidemiologic investigation was initi-
ated by the hospital’s infection-control team. Environmen-
tal surveys were.conducted twice in each of the two wards
(5S and 5N), at 2-week intervals, to identify the source(s) of
the pathogens. Multiple samples from environmental sur-
faces were tested to detect P. aeruginosa on NAC agar
medium (Nissui Pharmaceutical, Tokyo, Japan) supple-
mented with or without ceftazidime at a final concentration
of 16 ug/ml. A total of 23 P. aeruginosa isolates. including 11
from environmental sources, were analyzed for chromo-
somal DNA typing with a counter-clamped homogeneous
electric field system (CHEF Mapper; Bio-Rad Laboratories,
Hercules, CA, USA), for O-antigen serotyping with control
serum (Denka Seiken. Tokyo, Japan), and for antibiotic
resistance by a microdilution method according to the
guidelines of the Clinical Laboratory Standards Institute.’
DNA sequences of the quinolone resistance-determining
regions (QRDRs) of the gyrA. gyrB, parC. and parE genes
were determined as described previously.” Resistance genes
other than quinolone-resistance genes were detected by

419

polymerase chain reaction with three primer pairs designed
to amplify the sequences of the metallo B-lactamase bla .,
gene,’ aminoglycoside 6’-acetyltransferase aac(6’)-lae gene.’
and the aminoglycoside 2”-adenylyltransferase aadB
gene.

The minimum inhibitory concentrations (MICs) of eight
antibiotics tested against P. aeruginosa isolates are shown
in Table 1. Five of the 12 clinical isolates and 3 of the 11
environmental isolates were MDR P. geruginosa and were
resistant to all antibiotics tested, except for gentamicin
(GM) and polymixin B (PL-B). Six clinical isolates and 3
environmental isolates were resistant to IPM and CPFX but
sensitive to AMK (Table 1). The remaining 6 isolates (IMCJ
nos. 333, 262, 264, 268, 326, and 330) were cach sensitive to
four to eight antibiotics tested.

The five clinical and three environmental isolates of
MDR P. aeruginosa carried the blay,., and aac(6’)-lae
genes, and showed mutations in T831 and S87L in the
QRDRs of gyrA and parC, respectively (Table 1). Among
these eight MDR isolates, two (IMCJ nos. 335 and 361) had
an additional D87G mutation in thc QRDR of gyrA. Six
other clinical and two other environmental isolates carried
the bla,p, and aadB genes, and showed mutations in T83I,
E468D, and S87W in the QRDRs of gvrA, gyrB, and parC,
respectively (Table 1). The presence of these genes and
their alterations in the QRDRs in gyrA, gyrB, and parC arc
consistent with their resistance phenotypes. These genetic
analyses of drug-resistant genes in MDR P. aeruginosa
could provide uscful information about the evolution of
nosocomial pathogens.

Of the total 23 isolates, 18 expressed the Ol1 antigen, 4
expressed the O1 antigen. and 1 expressed the O6 antigen
(Table 1). Notably, all clinical isolates and 6 environmental
isolates expressed the O11 antigen (Table 1).

The PFGE patterns of the isolates are shown in Fig. 2.
Among the 23 P. aeruginosa isolates, 13 different PFGE
patterns were detected. Three clinical isolates (IMCJ nos.
254-256) and 3 environmental isolates (IMCJ nos. 260, 261,
and 267) from the 58 ward were of the same pattern (PAT;
Fig. 2 and Table 1). Six clinical isolates (IMCJ nos., 257, 270,
321-323, and 332) and 2 environmental isolates (IMCJ nos.
324 and 331) in the hematology ward (5N) were of the same
pattern (PE). Taken together, the data indicate that the first
outbreak was caused by one strain of MDR P. aeruginosa,
but that the second outbreak was caused by a separate
strain of drug-resistant P. aeruginosa. Three other MDR P.
aeruginosa isolates, obtained from patients 10 (ward 5N), 11
(ward 13N), and 12 (ward 13S). had PFGE patterns (shown
inlanes §, 10, and 9. respectively, in Fig. 2) that differed from
those of isolates obtained from patients 1, 2, and 3 (ward
5S) and from the isolates obtained from patients 4, 5, 6, 7,
8, and 9 (ward 5N}, indicating that the infections in patients
10, 11, and 12 were sporadic.

In the environmental survey, three isolates of MDR P.
aeruginosa (IMCJ260, IMCJ267. and IMCJ261; see Table
1) were obtained from wet surfaces in ward 5S; from a rack
for urinals, from a urine volume-measuring device in a
room for the handling of urine, and from a bath drain in a
bathing room, respectively. Three P. aeruginosa isolates,
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