152

Table 4. The comparison between P. vivax malaria cases and
P. ovale malaria cases

malatia malaia YA
Number of patients 18 10
Age (mean = SD) 298+12.0 278+7.0 0.326
Sex (male) 13 7 0.900
Areas to travel
Africa 1 10
Asia, Oceania 13 0 <0.001
South America 4 0
Average parasitemia (%) 0.229 0.031 0.002
Positive by RDTs (%) 16/17 (94.1)  2/9(22.2) <0.001
BN (%) 9/10 (90.0) 0/5(0) <0.001
SDMA (%) 7/7 (100) 2/4 (50.0) 0.039
The data are presented as number of patients, unless otherwise
specified.

P. vivax: Plasmodium vivax; P. ovale: Plasmodium ovale; RDT:
rapid diagnostic test; BN: Binax NOW™ malaria; SDMA: SD
malaria antigen®

DiscussioN

RDTs are generally useful for diagnosing malaria in-
fection [3-5]. However, the sensitivity of RDTs depends
upon the species of malaria parasite. The highest sensitivi-
ty was observed for P. falciparum malaria (78.8-99.1%)
[5, 11, 15-18], followed by P. vivax malaria (77.6-96%),
P ovale malaria (18.4-80.0%), and P. malariae malaria
(21.4-47.0%) [3-5, 19, 20]. For non-falciparum malaria,
RDT sensitivity was particularly low for P. ovale and
P malariae, a finding that may be attributable to the low
parasitemia [3-5], the difference in targeted antigens [6, 9,
10], or the genetic variability between the infected para-
sites [21, 22].

Low parasitemia was associated with false-negative
results from the RDTs regardless of malaria species [4, 5].
Moreover, since reinfection and semi-immune status gen-
erally cause low parasitemia [23], those influences need to
be eliminated. Travellers who visiting families and rela-
tives and expatriates living in malaria endemic areas were
excluded from our study because they were at a higher risk
of reinfection, The parasitemia in P. ovale malaria was
consequently as low as that in immune patients and was
significantly lower than that in P vivax malaria. This find-
ing, along with those in previous reports [23], suggests that
P ovale malaria presents with low parasitemia even in
non-immune travellers, which may result in false-negative
results from the RDTs.

As mentioned above, P. malariae and P. ovale malaria
may be difficult to diagnose by RDTs due to the low para-
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sitemia [7, 8, 11]. Recently, Houzé et al. [24] reported that
the new RDT, Clearview, has improved sensitivity for
P. malariae malaria but that the sensitivity for P ovale
malaria was not improved. Moreover, even a case of
P ovale malaria with relatively high parasitemia (21,150
parasites/pL) resulted in a false-negative RDT result in
their study, implying some reason for false-negative results
other than low parasitemia in P. ovale malaria. The differ-
ence in target antigens from parasites, such as HRP2 and
PfLDH for P. falciparum or pLDH and aldolase for pan-
malaria species, can also influence the sensitivity of RDTs
[6]. Detecting P. ovale and P. vivax, two RDTs (BN for al-
dolase detection and SDMA for pLDH detection) were
used in our study. SDMA showed relatively good sensitivi-
ty for both P, vivax and P. ovale as compared to BN, proba-
bly because pLDH-based RDTs generally perform better
than aldolase-based RDTs [20]. Bigaillon et al. [6] also re-
ported the ineffectiveness of BN in detecting P ovale
malaria, which they suggested was due to low aldolase
production by P. ovale malaria [10]. Aldolase-based RDTs
generally show low sensitivity not only for P ovale
malaria but also for other types of malaria [9], but low sen-
sitivity was also observed for pLDH-based RDTs [10-12,
16,17, 24].

Although the genetic variability of HRP2 was related
to the low sensitivity of RDTs for P falciparum malaria
[21], it was reported that the genetic variability of pLDH
[22] and aldolase [25, 26] did not explain the relatively
poor performance of RDTs for the detection of
P. falciparum, P. vivax, and P. malariae. Talman et al. [22]
reported that P. ovale exhibited three different types of
amino acid sequence (named O1, O2 and O3), which may
contribute to the relatively poor detection of . ovale. The
sensitivity of RDTs is still insufficient for accurate diagno-
sis of P. ovale malaria regardless of the type of antigens.
Therefore, microscopic examination is preferable for the
definitive diagnosis of P, ovale malaria.

The sensitivity of RDTs was not high enough to accu-
rately diagnose P. ovale malaria in Japanese travellers who
were never infected with malaria previously. Thus, micro-
scopic examination is required to ensure that P ovale
malaria is not overlooked.
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Table 1 Demographic features and clinical course of those treated with Artemether/lumefantrine (n=19).

Time
G c between Para . Recru
No en- Contracted e ONSEL MO oS0 Parasites  Malaria Malaria Adverse Use of other "
No.Age der  countries Purpose start of SUEMIA "y, species prophylaxis FCT PCT effect antimalarial drug .des-)
malaria tence
therapy
139 M ?urkina Leisure 2 045 21375 P. falciparum - 24 24 - - -
Faso
2 46 A Benin Leisure 2 0.28 12,656 P. falciparum - 24 20 - - -
3 22 M Republic of Leisure 5 0.02 858 P. falciparum - 2 27 - - -
Congo
Senegal
Mali
4 26 F Guinea Business 7 0.06 222 P. falciparum - 40 46 - - -
5 27 F Benin Business 1 072 33552 P. falciparum Chloroquine” 25 39 - - -
Proguanil
{cessation)
6 26 F Uganda Business 10 0.33 12441 P, falciparum - 14 36 - - -
7 49 M Ghana Business 2 003 1593 P. falciparum doxycycline 66 16 nausea - -
(cessation)
8 24 F Mallawi Leisure 3 02 6.440 P. fulciparum + 22 4 - - -
9 32 M Benin Business 3 44 225.720 P. falciparum - 36 49 nausea. - +
vomitting.
clevation
of LFTs
10 50 M Nigeria  VFR 2 37 193880 P.jfalciparum - 62 62 - - *
11 20 M Papua New Leisure 6 [t} 0 P. jalciparum mefloguine 18 - artesunate tablets -
Guinea {cessation) (foreign products)

12 53 M Mallawi Leisure 5 277 1263120 P. falciparum - 48 89 - intravenous artesunate. -
artesunate suppository,
doxycycline

13 26 M Sierra Leone Business 5 227 760450 P. falciparim - 2 9% - intravenous artesunate, -
doxycycline

14 29 F Ghana Business 3 12 289.200 P. falciparin - 94 84 blackwater artesunate suppository. -

fever intravenous quinine
gluconate

15 33 M South Sudan Business 6 5 231500 P, falciparum - 120 32 - artesunate suppository -

Kenya

16 51 M Indonesia  Business 13 13 266500 P. falciparum - 30 24 - artesunate suppository -

17 32 M Uganda Business 6 7.3 289.080 P. falciparum - 360 48 - artesunate suppository  +

18 18 F Ghana Volun- 3. 23 103.730 P. falciparum - 144 72 - mefloquine -

teering

19 25 M Papua New Leisure 5 0.1 4,980 P. vivax - 18 24 - primaquine -

Guinea

FCT: Fever Clearance Time
PCT: Parasites Clearance Time
VFR: Visiting friends and relatives
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Fig. The correlation between parasitemia and time from start of therapy to disap-
pearance of parasites (falciparum malaria patients without prior administration of

antimalarial drugs. n=10)

70.0-

60.0-

50.0

40.0-

PCTthr)

30.0

20.071

10.07

T T
0 50000

T
100000

1 T 1
150000 200000 250000

parasites(/utL)

B indicates patients with recrudescences

@ indicates patients without recrudescences

LheEZ bl ZOUOFRBROKKE LTEM. -
Tl & DI ERHERAR  BIAR+5ThHo0 D
&, MEICERTREBEHORBLR+GTH- Il &
LENEZ LN, ALEANZLBHERTENVAT 7
M) OB RAEREROFRE 25 2 L2
D, IRz EELEY  KHOBENEFEBRICNRTS S
ETCHNAEETR I LAMbNT WA, L
IMANLHIEBEIRE B LT WD, LA T77 b
VY DMERE A 3B S RIS o 2
WHEtE DS B, HMEBETABICBIIAL AT 7
M) OB EEA 280ng/mL L EIZR Ty
L, BIRENE LB EBASATWEY, &K
WTERL A7 7 M) rodigEoONEIIEETSH
. KBIECRRHITA Dol A AEMIZE
W, BHRE A AT 7 v DY B L Ty
APEIPICDVTIREHIRF T REBRPETH . &
72, ALSAIOAMEA S/ 100IcBWT, Hi#
HIZEBRBE LB LTPCTAEEIIE, o 2.
PCT P EVEF CIAHRT 22 EH L THE
IZERBIE AT LENH B, Livhkw,

FHFBEAFHGCEINICB VT, AL SHAEH S
NEHEE LT, BEAT—F A 42— b 2kkE

107

GMP #iE T B A LA BRI, RPTLESHICH
ATERRBIII RV ENDITSND" . RN A
HAL: 2 fI T By @ G KEAT R C NIRASTTRET &
D, YrazZXahLORERBREZVI VI VX
S A E (AR RN ELRE) i % Y
AL SRISEIRE N, BIE< I ) 7OERLHELT
WEE, ARATEEETH T, yrasfidr=—
ACHBEREL, BOWR~F ) TEIZAL v F LA
BHAHMRIE VR nwETHRENE —Ji T, WHO 774
FIA4 BT AERY ) 7 ORFITEFRTIENRENR
DRRLERRE LETOMAEEEL T LTLd
XTIV TOEMLE L —F L AVERPHIALETNT
BO®, EHRLELLUTHBOERTHEL I 46
YOLhodHFEETILEEZLNEY, EOLI L
Bl CRITEBITHETHE2PIESHES L IME 2 W
35,

BEED B VB~ 5 ) 7 Tk, AL §#loic
ThRay 7R r7oLEH (APSH) LA7D
FUNBRKERD B, INSOEANIS L OHE
LBOTALESAONEKEL LD I B8, s4—3Ix
Y= BLUY A —H KT TEBEMETRATOF
YIEE BAT T ) TIREBHFAEL T Y., o

WHATEHER  B88% W6 Y



AL AHIO B A AT BT 5 10 R 837

Table 2 Comparisons of treatment outcomes in malaria patients treated with
Artemether/lumefantrine. Mefloquine and Atovaquone/proguanil

Artemether/lumefantrine

Mefloquine Atovaquone/ gr‘oguzmil

(n=101* (n=50)** {n=20)
mean age (vears old) Hi 383 324
mean parasites (/L) 27500 27400 27.100
Mean FCT (day) 1.4 29 37
Mean PCT (day) 13 28 33

FCT: Fever Clearance Time
PCT; Parasites Clearance Time
*Patients reported in this study

** Patients reported in reference (J Infect Chemother. 2006 Oct: 12 (3); 277-82)
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Malaria Cases Treated with Artemether/Lumefantrine in Japanese Travelers
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Global Health and Medicine,

Artemisinin-based combination therapy (ACT) has been the standard treatment for uncomplicated ma-
laria. Although not licensed in Japan, artemether-lumefantrine (AL), one type of ACT. has been adminis-
tered to patients with malaria since 2002 by the Research Group on Chemotherapy of Tropical Diseases.
Herein, we reviewed malaria cases treated with AL in Japanese travelers.

A retrospective study was conducted at the National Center for Global Health and Medicine from Octo-
ber 2005 to March 2013. There were 19 malaria patients treated with AL, and 10 falciparum malaria pa-
tients treated with AL only. In these 10 patients treated with AL only. the median time of fever clearance
was 25.0 hours (range : 14-66 hours), and the median time of parasite clearance was 36.0 hours {range : 16-62
hours). There was a positive correlation between parasitemia and time from the start of therapy to the dis-
appearance of the parasites. Parasitemia was higher (4.05% vs. 0.24% : p=0.044) and parasite clearance time
was longer (655 hours vs. 315 hours; p=0044) in the cases of recrudescence than non-recrudescence, re-
spectively.

Three of the 19 malaria patients showed recrudescence of malaria after treatment with AL. The reason
that treatment failure was more frequently observed in this study than in previous reports may be related
to poor absorption of lumefantrine owing to gastrointestinal symptoms, insufficiently ingested fatty foods, or
high parasitemia on admission. The World Health Organization recommends that intravenous antimalarials
should be administered in cases of severe malaria : however, this is not applicable in Japan. Further studies
are needed to distinguish patients with malaria who are treatable with ACT from those who should be
treated initially with other intravenous antimalarials.
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KEYWORDS =~ Summary Immunisation has traditionally played an important role in travel medicine prac-
~lmmunlsat10n, - ) tice and unlike routine immunisations, vaccines for travel are sought by and often paid for
Vaccme, Lo ha by the traveller. A convenient way of looking at vaccines for travel is by grouping them into
jTraVEl R those that are: Required, Routine, or Recommended, although this classification is not always
k Pnontles, B consistent. Prioritising the use of vaccines classed as "Recommended” has proved the most
Japan . : controversial. There are a number of factors that influence both the traveller and health pro-

fessional in this decision making process. The incidence rate and impact of a disease are
thought by many to be the two most important factors to consider when prioritising vaccines.
For travellers, the efficacy and adverse events associated with vaccines may also be important.
This article reviews the role of immunisation in travel health with the aim of assisting travel
health professionals prioritise their use of vaccines. It also highlights the need for travel med-
icine advisors worldwide to be aware of the differences between Japan and other nations with
regard to national immunisation programmes, vaccine availability and vaccine uptake.

© 2013 Elsevier Ltd. All rights reserved.

Global travel from industrialised countries to developing increased demand for tourism, business and other profes-
countries is growing rapidly [1]. This is due mainly to sional purposes, visits to friends and relatives by a rising
immigrant population and religious pilgrimages. Larger
aircraft carrying capacity and the expansion of travel
routes has increased travel by making it more affordable
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countries. In such a large population of travellers, infec-
tious disease risks, including rare, life-threatening dis-
eases, are becoming an important clinical and public health
issue.

Over the last two decades, travel medicine has grown as
an independent medical specialty, and the importance of
informing travellers about health risks and advising on
preventive measures before departure is increasingly rec-
ognised. As with other travel-related risks, the behaviour of
the traveller while abroad impacts upon his/her risk of
contracting an infectious disease, and advice on behaviour
modification is an important part of the travel health
consultation. Immunisation has traditionally played an
important role in travel medicine practice [3] and, where
appropriate, vaccines provide a highly effective, largely
safe, and usually long-lasting means of preventing infec-
tious disease. This article reviews the role of immunisation
in travel health, with the aim of helping travel medicine
practitioners recognise when immunisations are appro-
priate, enabling them to prioritise their use effectively.
Issues pertinent to travellers from Japan are discussed and
the differences between Japan and Western countries in
their approach to immunisation are outlined. While influ-
enza is increasingly recognised as an important cause of
travel associated morbidity [4], this will not be reviewed
here.

Routine and travel immunisations

Routine immunisations are administered according to the
national policy of a country in order to protect not just
individuals, but also the community, against infectious
disease threats. For this reason, vaccines may continue to
be routinely recommended to maintain herd immunity,
despite their associated costs and adverse events (AEs). A
good example of this is the poliomyelitis vaccine which
remains part of the childhood immunisation programme
worldwide, including in industrialised countries. The costs
of routine immunisations are paid for by the government of
a country. Compensation for individuals who experience
severe AEs after routine vaccines can usually be claimed
through a Government scheme, for example, in Japan,
compensation is covered under the Protective Vaccinations
Act. Several routine immunisations have been shown to be
cost effective, e.g., measles, mumps, and rubella vaccines,
particularly when the incidence of disease is high in the
community [5].

In contrast, travel immunisations are sought by travel-
lers who wish to reduce their own health risks and disrup-
tion to their travel plans, the cost of which is usually borne
by the traveller. Travel immunisations can also help prevent
diseases being imported to a country. Outbreaks of
meningococcal disease in 2000 due to the serogroup W135
in British, French and other European visitors to the Hajj
[6], and of hepatitis A in German and other European
travellers to Egypt in 2004 [7] resulted in secondary out-
breaks after travellers returned home. Travellers tend to be
unaware of, or indifferent to, the importance of this public
health concern and are often reluctant to have vaccines
solely for this reason. In Japan, compensation for AEs
associated with travel vaccines is covered by the

Pharmaceuticals and Medical Devices Agency (i.e., by
pharmaceutical companies, rather than through a Govern-
ment scheme) if the vaccine is used within its licensed
indication. However, the compensation granted is lower
than that provided through the Government. Travel
immunisations are not usually cost effective [3] as. evi-
denced by a British study on hepatitis A and typhoid vac-
cines (injectable Vi polysaccharide and oral Ty21a) [8], and
a more recent study on typhoid vaccines [9]. An exception
to this may be the whole-cell-recombinant B subunit (WC/
rBS) oral cholera vaccine which is cross-reactive to the
heat-labile enterotoxin (LT) released from enterotoxigenic
Escherichia coli (ETEC), thus providing cross-protection
against ETEC-induced travellers’ diarrhoea. This vaccine
may prove cost effective where the illness occurs in >1 per
10 travellers [10]. Despite the generally poor cost-
effectiveness of travel immunisations, travellers may be
willing to pay for these to reduce their own risk of an illness
which may affect their travel plans or prevent them
returning to work post travel.

Vaccines for travellers: the three Rs

A convenient way of categorising travel vaccines is to group
them as: Required, Routine, or Recommended [3]. This
classification, however, is not always clear-cut as some
vaccines belong to more than one group, and these cate-
gories may differ between countries.

Required vaccines

Yellow fever vaccine is mandatory for entering many sub-
Saharan African countries and is required for entry to many
Middle Eastern, Asian, and Latin American countries when
travelling from a country with yellow fever transmission
risk. This requirement is based on the International Health
Regulations (IHR) of the World Health Organization (WHO)
[11]. Since yellow fever vaccine requirements change
intermittently, updated information should be sought from
official reference sources such as the WHO International
Travel and Health [12] and Travelers’ Health, Centers for
Disease Control and Prevention (CDC), the United States
(U.S.) [13]. Where the yellow fever vaccination is contra-
indicated on medical grounds, a letter of medical exemp-
tion can be issued by the physician; however, its accep-
tance is at the discretion of the authorities of the
destination country. Since May 2001, quadrivalent menin-
gococcal vaccination has become a requirement for entry
to Saudi Arabia for pilgrims, and some polio-free countries
may require travellers from countries, or areas, reporting
wild poliovirus to be vaccinated against the disease before
an entry visa is granted. However, neither of these two
vaccines is required under the [HR. Currently, no country
formally requires cholera vaccine as a condition of entry.
Measles vaccination, as well as other routine vaccina-
tions, may be required for entry into schools in some
countries, especially the U.S. Even when not required,
measles vaccination should be updated, especially in trav-
ellers from high prevalence countries travelling to countries
where local transmission has been eradicated. In the U.S.,
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of the 222 measles cases reported in 2011, as many as 200
(90%) were imported from other countries [14].

Routine vaccines

Travel provides an excellent opportunity to review and, if
necessary, update routine immunisations. Measles immu-
nisation should be recommended if the traveller has not
been immunised or has not received two doses of vacci-
nation. The latter is often the case among Japanese trav-
ellers where, until mid-2006, only a single dose of measles
vaccine was given under the national immunisation
programme.

There seems to be no evidence that travellers are at
greater risk of tetanus infection when visiting developing
countries [3], however, this may be at least partly because
most travellers are immunised through their national
immunisation programmes. A booster dose may be recom-
mended for travel to areas where appropriate medical
attention may not be accessible in the event of a tetanus-
prone wound. An American surveillance study between
2001 and 2008 revealed a 13.2% case fatality rate overall
from tetanus, and a rate as high as 31.3% in older people
(aged > 65 years) [15]. In Japan, around 100 cases of
tetanus are reported every year, most of which are due to
domestic transmission [16]. Serologic surveys in Japan have
shown that protective anti-tetanus antibodies begin to
wane 10 years after the last dose of the childhood vacci-
nations, and a booster dose is thus recommended every 10
years even if the individual is not travelling [17]. In Western
countries, following the large diphtheria outbreaks which
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occurred in the 1990s in the Russian Federation and the
New Independent States of the former Soviet Union,
boosters were recommended routinely and in travellers to
the region [18]. This booster dose is often given as
diphtheria-tetanus bivalent vaccine, or as a trivalent
(diphtheria, tetanus and polio) vaccine, containing lower
doses of diphtheria toxoid suitable for older children and
adults [19].

The Japanese encephalitis vaccine is administered
routinely in Japan (Table 1), while in the West, it is only
recommended for travellers at risk. For many years, the
vaccine produced by Biken, Japan, had been the sole vaccine
in use worldwide. As a mouse brain-derived vaccine, there
were theoretical concerns about AEs. Urticaria, angioe-
dema, and even respiratory distress have been reported from
Western countries, mainly clustering in the period 1989 to
1992 [20], which limited its use to those at very high risk of
the disease. In Japan, cases of acute disseminating
encephalomyelitis after vaccination led to its suspension as a
routine immunisation in 2005. New cell culture vaccines have
recently become available in both the West and Japan, and in
arecentreview, the Ixiaro vaccine was shown to be effective
and well tolerated [21]. Vaccination coverage with the new
Japanese encephalitis vaccine in Japan is anticipated to be
high enough to allay concerns about a possible resurgence of
disease particularly among inhabitants of parts of western
Japan and in travellers to areas where the virus is actively
circulating among pigs [22].

The live oral polio vaccine (OPV) has been used until
recently in Japan. However, rarely reported vaccine-
associated paralytic poliomyelitis in children and their
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carers led to a fall in vaccination coverage and since
September 2012, OPV has been replaced by the inactivated
parental polio vaccine (IPV) (Table 1). It is not yet clear
whether IPV use will reverse the downward trend in vaccine
coverage.

Mumps, varicella, hepatitis B, or meningococcal vac-
cines are not administered routinely in Japan although they
are given routinely in many other developed countries.

Recommended vaccines

Recommendations on immunisation can vary between
countries depending on which vaccines are considered
routine. Yellow fever vaccine is often viewed as a required
vaccine but may be considered a recommended vaccine for
travellers to a country where a vaccine certificate is not
required but where disease transmission occurs.

There are many factors that influence the travellers’
decision when having vaccines (Table 2). This is one of the
most frequently discussed issues among travel medicine
practitioners. It makes sense to immunise travellers against
a disease that is common and has a high case fatality rate,
and not immunise against a disease that occurs infrequently
and has a low case fatality rate. However, it is not always
that straightforward as some diseases have a low case fa-
tality rate but are common, e.g., influenza, while others
are uncommon but have a high case fatality rate, e.g.,
rabies. Obviously travellers will differ in regards to the
priority they give to each of the items listed in Table 2. For
some travellers, the benefits of preventing disease will
outweigh any disadvantages associated with immunisation,
i.e., vaccine AEs or the cost, but for others cost and risk of
AEs will be more important. Travel medicine practitioners
should be knowledgeable about the impact that each of the
factors listed in Table 2 has on the risk of illness during
travel, and ultimately be able to guide travellers to a de-
cision they feel is appropriate and acceptable.

The incidence rate and disease impact are considered by
many to be key factors influencing immunisation and these
have been discussed previously by Steffen and Connor [3]
(Fig. 1) and will be reviewed here. The disease impact in-
cludes the case fatality rate, as well as the possibility of a
worse clinical outcome if treated in a developing country,
long-term sequelae, and absence from work or school after
returning home. Travellers may also consider the efficacy of
a vaccine and any associated AEs to be very important in
their decision, and these will be focused on in this article.
Cost or time constraints may be more important consider-
ations for some travellers, particularly backpackers and
business travellers, respectively; however these issues will
not be addressed here.

Factors to be considered
Incidence rates of disease

Data on the incidence of a disease among the local popu-
lation of the travel destination can be useful, however,
data on health problems affecting travellers visiting the
area is more relevant. Travellers tend to eat, drink, sleep,
and behave differently from the indigenous population,
affording them better or worse protection depending on
their environment, and their lack of immunity from prior
exposure may make them more vulnerable to some disease
risks. Incidence data on travellers is often limited, it may
not be current and may not be applicable to those travel-
ling under extreme conditions or the very adventurous
traveller, but it is essential in order to provide more precise
information on risk and preventive measures.

Pioneering work on non-immune Swiss travellers to
developing countries by Steffen’s group between 1981 and
1984 showed an incidence rate of hepatitis A of 3(—6) per
1000 person months [24]. The seroconversion rate of French
volunteers staying long-term in Africa around 1980 was found
to be 19 per 1000 person months, most of which presented
with jaundice [25]. Recently, however, decreasing incidence
rates of hepatitis A have been reported. The incidence rate
was 33 cases per 100,000 person months in unprotected
Canadian travellers between 1996 and 2001 [26], and 10to 15
cases per 100,000 visits between 1998 and 2002 in Swiss
travellers [27]. A recent Swedish study between 1997 and
2005 also showed a lower incidence rate of hepatitis A in
unprotected travellers; 2 cases per 100,000 person months in
travellers to southeast Asia, 12 in North Africa, and 18 in the
Middle East [28]. Improvements in socioeconomic and hy-
giene conditions in the developing world may have contrib-
uted significantly to these decreasing rates [29].
Nevertheless, it should not be forgotten that even luxury
hotels can be a source of infection for tourists as illustrated
by the Egyptian outbreak of 2004 [7].

Nearly all reports of typhoid fever in travellers show that
the highest incidence is in India or its neighbouring coun-
tries. A study of U.S. travellers between 1985 and 1994
reported incidence rates of 11—41 per 100,000 travellers to
the Indian subcontinent, 0.5 to 1.2 in southeast Asia, 0.4 to
1.4 in Africa, and 0.5 to 0.6 in Central America [30]. A
Swedish study between 1997 and 2003 showed a rate of 41.7
cases per 100,000 visits in travellers to India and
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Fig. 1 Incidence and impact of vaccine-preventable diseases in travellers to developing countries. CFR = case fatality rate

(reproduced with kind permission from Steffen et al. [3]). This figure differs from the original in that the incidence and impact of
rabies acquisition in travellers rather than the risk of potential rabies exposure are now given.

neighbouring countries, 5.9 in the Middle East, 3.3 in Cen-
tral Africa, and 0.2 in southeast/east Asia [31]. The inci-
dence rate per 100,000 Israeli travellers was 24 in the
Indian subcontinent between 1995 and 1999 (where the oral
Ty21a vaccine was used) but fell to 14 between 2000 and
2003 (where the parenteral Vi polysaccharide vaccine used)
[32]. A second U.S. study between 1999 and 2006 revealed a
rate of 8.9 cases per 100,000 travellers returning from
India, ranging from 5.5 cases in 1999 to 12.2 cases in 2003
[33].

The data on hepatitis B acquired by travellers and ex-
patriates is conflicting. This may be partly because the risk
of infection is very much influenced by the traveller’s
behaviour abroad and also by the study method used for
disease detection; official disease surveillance systems
often detect symptomatic cases only but seroconversion
studies detect both symptomatic and asymptomatic in-
fections. Serological surveys detected higher rates of 10.5%
and 5.5% seroconversion against hepatitis B virus among
French volunteers leaving France in 1979 and 1980 and
working in Africa for an average of 25.2 months [25], and
North American missionaries deployed in various regions,
78% of whom were in Africa for an average of 7.3 years
between 1967 and 1984, respectively [34]. These figures
correspond to 417 and 63 per 100,000 person months,
respectively. In contrast, a Dutch group (using official sur-
veillance data) identified 27 cases of hepatitis B contracted
while travelling to endemic countries between 1992 and
2003, yielding a low incidence rate of 4.5 per 100,000
travellers [35]. Given that more than half of the 27 cases
were immigrants from hepatitis B-endemic countries, they
concluded that hepatitis B vaccination was unnecessary for
Dutch short-term travellers. A Danish study focused on
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infections acquired by Danes in non-Western countries from
2000 to 2010, and estimated the overall incidence rate to
be 10.2 per 100,000 person months [36]. It also demon-
strated that, contrary to general opinion, rates of newly
acquired hepatitis B infection did not increase with longer
stays.

The incidence of cholera is low but greatly influenced by
outbreaks. The incidence in U.S. Embassy employees in
Peru between 1991 and 1993 during an outbreak reached 44
cases per 100,000 person months [37]. A study by Witt-
linger, Steffen and colleagues showed that during 1991, the
cholera incidence rate was 0.2 per 100,000 European and
North American travellers but was 13.0 in Japanese trav-
ellers returning from Indonesia, mainly Bali [38]. The
increased rate in Japanese travellers was attributed to the
more intensive surveillance conducted in Japan rather than
to a true higher incidence.

An initial study on meningococcal disease by Koch and
Steffen between 1986 and 1989 showed that the incidence
rate among 100,000 travellers to developing countries was
<0.1 overall, but rose to 200 cases in pilgrims to Mecca
[39]. A study of Hajj pilgrims in 2000 reported incidence
rates of 41 and 21 per 100,000 in British and French trav-
ellers, respectively, due to serogroup W135 [6]. The inci-
dence rates of meningococcal disease are very much
influenced by outbreaks, and those who have close contract
with the local population are at higher risk. Residence in
dormitories, military institutions and refugee camps as well
as attendance at sporting events are regarded to be
particularly high risk factors.

With 11 U.S. residents reported to have been infected
with Japanese encephalitis while in Asia between 1981 and
1992, the incidence rate in U.S. travellers to Asia was
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calculated as <0.1 per million person months [40]. A more
recent study of 55 cases between 1973 and 2008 showed the
risk was <1 per million travellers to endemic countries [41].
However, higher incidence rates have been reported in
Finnish and Swedish travellers to Thailand, i.e., 1 per
257,000 and 400,000, respectively [41]. This study also
suggests that longer stays, rural travel, residence on or near
a farm, or in unscreened accommodation, trekking or other
outdoor activities increased the risk of infection in
travellers.

Yellow fever incidence rates among travellers are diffi-
cult to determine, probably due to variations in the
ecological determinants of virus transmission. Based on the
risk in indigenous populations, crude estimates of the risk
to travellers were made, such that if 100,000 unvaccinated
travellers stayed for 2 weeks during the peak transmission
season in West Africa, 50 would become ill and 10 would
die, while in South America, 5 would become ill and one
would die [42]. Between 1970 and 2009, 9 cases of yellow
fever were reported in unvaccinated travellers from the
U.S. and Europe to West Africa (5 cases) or South America (4
cases), and 8 of the 9 cases were fatal [42].

Rabies infection among travellers is very rare with an
estimated incidence of <1 case per million travellers. A
recent survey of travel-related rabies infection identified
42 cases in travellers returning to Europe, the U.S., and
Japan between 1990 and 2010, with cases infected in India
(n = 6), the Philippines (n = 6), Mexico (n = 5), Morocco
(n = 3), and Algeria (n = 3) [43]. Among the 39 cases for
whom an animal exposure was known, 37 (95%) had contact
with a dog, and of the remaining 2 cases, one had contact
with a fox in Ukraine and the other with a bat in Kenya.
Although no cases were reported in travellers to Bali, the
increasing number of rabies cases in locals remains a
serious concern for the large number of travellers visiting
there [44].

The incidence rate of tick-borne encephalitis in travel-
lers is difficult to estimate due to the variation in season of
travel (the risk period for infection ranges from April to
November), the environment visited (the risk is high in
forested areas), and the behaviour of travellers. Based on
epidemiological data from Austria, the incidence rate was
estimated to be 10 per 100,000 person months in non-
immune travellers to a highly endemic province, e.g., Sty-
ria, southern Austria [45]. Between 2000 and 2009, 5 cases
were reported among U.S. travellers to Europe and Asia,
one of which was in a traveller to China (Tianjin Province),
but incidence rates were not reported in the study [46].

Disease impact

Although most cases of hepatitis A resolve without signifi-
cant sequelae, some 10% have prolonged elevation of serum
aminotransferase levels, sometimes persisting for up to 6
months [47]. Patients with hepatitis A are often incapaci-
tated for a lengthy period, with the average time off work
being one month [24]. Of greater concern is the increased
mortality associated with advancing age. During an urban
epidemic in the U.S., 5.7% of hospitalised patients aged
>40 died [48], and in a British study, up to 12.8% of cases
aged >70 were fatal [49].

The case-fatality rate of typhoid fever is reported to
be > 10% if left untreated [31]. With the initiation of early
and appropriate antimicrobial therapy, the case fatality rate
in travellers can be as low as 0.3% [3]; however, 10—15% may
develop severe illness including intestinal bleeding/perfo-
ration, disseminated intravascular coagulation, encephali-
tis/meningitis, and severe pneumonia [50]. Emergent
multidrug-resistant Salmonella typhi strains, i.e., those
resistant to chloramphenicol, ampicillin, and sulfamethox-
azole/trimethoprim, and strains with reduced susceptibility
to fluoroquinolone drugs, which are frequently found in the
indian subcontinent and southeast Asia, are making curative
treatment more difficult [51]. Data obtained in the U.S. be-
tween 1999 and 2006 showed that 85% of patients infected
with multidrug-resistant S. typhi and 94% of those infected
with nalidixic acid-resistant S. typhi had travelled to the
Indian subcontinent, while 44% of those infected with sus-
ceptible strains had visited the region [33].

Hepatitis B may develop into fulminant hepatitis, and,
even with current treatment, around half of these cases
will be fatal. In a Japanese study of 890 cases of acute
hepatitis B between 2007 and 2008, 53 (6.0%) developed
fulminant hepatitis and 36 (4.0% of the total, 68% of the 53

" cases) died [52]. Five to 10% of adult cases of acute hepa-

titis B will follow a chronic course [53], and this is more
likely to occur with genotypes A and D which are less
frequent in Japan. Between 3% and 23% of cases due to
genotype A were reported to progress to chronic disease
[53]. Genotype A used to be rare in Japan but has recently
increased in newly infected cases; accounting for 52% of
acute hepatitis B cases acquired in Japan in 2008 [54].

The case-fatality rate of cholera can be as high as
20—-50% if untreated or poorly treated in epidemic settings,
but with proper rehydration therapy, the rate can be as low
as <1% [55].

Meningococcal meningitis has a case fatality rate of
5—10% even with appropriate antimicrobial treatment [56],
and up to 40% once septicaemia develops [57]. The case-
fatality rates in the U.S. between 1994 and 2002 were re-
ported to be 21% and 11% in outbreak-associated and spo-
radic cases, respectively [58]. Furthermore, 11—19% of
individuals who survive can suffer long-term neurological .
sequelae or disability [57].

Japanese encephalitis has a 30—40% case fatality rate
and up to 50% of the children that survive have permanent
neuropsychiatric impairment [20]. These children develop
motor paresis, spasticity, movement disorders, chronic
seizures, and developmental delay [22]. Fifty five cases of
travel-related Japanese encephalitis were identified in
citizens between 1973 and 2008, and of those, 10 (18%) died
and 24 (44%) had mild-to-severe sequelae [41].

Case-fatality rates of yellow fever are reported to be
between 20 and 50% among local populations in disease
endemic areas, and according to recent data obtained be-
tween 2008 and 2009 in Brazil, there were 10 deaths among
29 cases, yielding a 34% case-fatality rate [59]. Case-
fatality rates among travellers are difficult to ascertain
with the low number of cases identified. As described
above, 8 (89%) deaths occurred in 9 cases of travel-related
infections [42]. This rate could of course be overestimated,
due to a significant number of undiagnosed cases, where
milder forms of the illness occur, or where medical
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personnel are unfamiliar with the symptoms. Nevertheless,
the case fatality rate associated with yellow fever should
be assumed to be high as there is no specific antiviral drug
available to treat the infection.

There have been 5 cases worldwide known to have
recovered from clinical rabies until 2004, all of whom had
received either pre- or post-exposure vaccination previ-
ously [60]. In the U.S. a 15-year-old unvaccinated female
developed rabies after a bat bite and eventually recovered
after a drug-induced coma and ribavirin. This was the first
documented case of recovery from rabies without pre- or
post-exposure vaccination [60]. Therapeutic coma also
appeared successful in an 8-year-old previously unvacci-
nated girl in California in 2011 who became ill after contact
with cats at her school [61]. Recovery from rabies without
therapeutic coma has also been reported in a 17-year-old
female in 2009 (presumptive abortive rabies) [62]. At pre-
sent, the effectiveness of treatment with therapeutic coma
has not been confirmed worldwide and rabies should
continue to be regarded as a fatal disease.

With the European- and Siberian-subtype tick-borne
encephalitis, the case-fatality rate is 0.5—2%, but up to
31-58% of cases may suffer permanent central nervous
system sequelae [63,64]. Illness due to the Far Eastern-
subtype may lead to a 20% case-fatality, with neurological
sequelae developing in 30—80% of children who survive. In
2001, a Japanese traveller who visited his daughter living in
Austria died of this infection [65].

Vaccine efficacy

Hepatitis A vaccines confer >95% seroprotection in adults
and children [47]. There are some anecdotal reports of
clinical hepatitis A despite previous vaccination but
immunisation was incomplete in most cases. The latest
case report, in which the traveller left for Africa 11 days
after receiving a single dose of Havrix 1440, may be
explained by failure to seroconvert due to the short interval
between vaccination and exposure [66]. Seroconversion
rates of 79% at day 13 and 100% at day 19 have been shown
after one dose of Havrix 1440 [67], with similar findings
obtained with other Western vaccines. Thus, the CDC notes
"one dose of single-antigen hepatitis A vaccine adminis-
tered at any time before departure provides adequate
protection for most healthy individuals” [68]. Hepatitis A
immunisation may prove cost effective for the traveller
since in immunocompetent individuals, a booster dose of
hepatitis A may be unnecessary for life-long protection
after a full primary course [69].

The immunogenicity of hepatitis B vaccine has been
shown to be >90%, sometimes up to >95%. A recent study
on Japanese nursing school students showed a 97.8% sero-
protection (>10 miU/mL) rate 10 or 17 weeks after the last
dose of the 3-dose primary immunisation series [70].
Another study on Canadian children aged 8-10 years
showed 98.9% seroprotection 28—60 days after the 3rd dose
[71]. According to the European Consensus Group on Hep-
atitis B Immunity, there are no data to suggest the need for
a booster dose in immunocompetent individuals [72].

Not all vaccines have been shown to be highly effective
or confer long-term immunity, particularly the

117

polysaccharide vaccines and orally administered vaccines.
For example, the Vi polysaccharide vaccine against typhoid
fever conferred only 77% protection at 21 months follow-up
in children vaccinated at 2—5 years of age, and this fell to
55% after 3 years [73]. The recently developed Vi poly-
saccharide conjugate vaccines may have a higher protec-
tive efficacy in terms of immunogenicity in young children
and booster responses. A field study in Vietnam showed
that a conjugate vaccine in which Vi was bound to recom-
binant Pseudomonas aeruginosa exotoxin A was 91.5% pro-
tective 27 months after the first of two injections in
children aged 2—5 years [74]. The live oral Ty21a typhoid
vaccine demonstrated a protective efficacy of 69% persist-
ing for at least 4 years in schoolchildren in Chile, when
three doses of an enteric-coated formulation were admin-
istered over a period of one week [75].

The efficacy of the WC-rBS oral cholera vaccine with two
doses is approximately 80—85% for 6 months and 51% for 36
months against Vibrio cholerae 01, but the vaccine does
not provide protection against V. cholerae 0139 [55]. The
advantage of this cholera vaccine is provision of short-term
protection against ETEC-causing diarrhoea, i.e., 67% effi-
cacy at 3 months and 21% at 12 months [55].

There are two types of meningococcal vaccine, poly-
saccharide and conjugate vaccines. Polysaccharide vaccines
are safe and highly immunogenic in older children and adults,
but the duration of protection is limited and they are poorly
immunogenic in young children (<2 years of age) [57]. The
advantages of the newer conjugate vaccines are that they are
T-cell dependent, which enables them to induce an immu-
nological memory and a booster effect, they confer long-term
protection, and can be used in children under 2 years of age
[57]. They also have the advantage of reducing nasopharyn-
geal carriage of the pathogen, and thus may be of public
health importance by decreasing human-to-human trans-
mission. In Western countries, three quadrivalent (A, C, W-
135, and Y) conjugate vaccines are commercially available.
The ACWY-CRM vaccine is reported to be comparable or su-
perior to the earlier licensed ACWY-D vaccine with a greater
proportion of individuals achieving a protective immune
response [hSBA (serum bactericidal assay using human com-
plement) titre >1:8] against the four serogroups [57]. The
ACWY-CRM proved highly immunogenic in all age groups,
including children aged 2—10 and infants > 2 months of age.

Data has recently been published on the new cell-
culture vaccine against Japanese encephalitis approved in
2009 in Europe (IC51, Ixiaro®) [21]. In subjects given two
doses of vaccine four weeks apart, the seroconversion rate
was 98% 4 weeks after the 2nd dose, compared with 95%
after 3 doses of mouse brain-derived, inactivated vaccine
given on days 0, 7, and 28, and the geometric mean neu-
tralising antibody titres were 2.3-fold higher in the IC51
group. Although seroprotection achieved by primary
immunisation with IC51 wanes over time, i.e., 83%, 58%,
48% at months 6, 12, 24, respectively, a booster dose at
month 11 and/or month 23 in individuals with neutralising
antibody titres below the detection limit led to 100%
seroprotection. Moreover, a single dose of IC51 could
potentially boost immunity in individuals primed with the
mouse brain-derived vaccine [76].

The protective efficacy of the tick-borne encephalitis
vaccine was estimated to be between 95.6% and 100% as
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assessed from cases among vaccinated and unvaccinated
individuals in Austria, and regardless of the vaccines used,
seroconversion rates of >95% were obtained after the 2nd
dose [45].

Rabies vaccines induce long-lasting memory cells giving
rise to an accelerated immune response when a booster
dose is administered. In Western countries, the post-
exposure course in individuals who have been fully immu-
nised consists of only two doses two days apart without the
need for immune globulin [77]. Appropriate post-exposure
rabies vaccination together with thorough wound
cleansing and the administration of immune globulin, with
infiltration in and around the wound, if indicated, appears
to be highly effective in preventing clinical rabies. Most of
the fatalities reported were due to a failure to comply fully
with all three of the recommendations above or delay in
implementing treatment [43,78]. Extremely rare cases of
human rabies attributed to genuine post-exposure prophy-
laxis failure have been documented [79].

Yellow fever vaccine induces neutralising antibodies in
90% of vaccinees within 10 days of injection and in 99%
within 30 days [80]. Although under the IHR, a single dose of
vaccine should be administered at 10 yearly intervals if
required for entry to a country, 80% of vaccine recipients
remained seropositive 30 years after a single dose [80]. In
another study, protective antibody levels were reported in
95.2% of individuals who had received the vaccine >10
years (median 14 years) previously, including one case
where vaccine was administered 60 years previously [81].

Yellow fever vaccine — vaccine safety

Most AEs associated with travel vaccines are minor and well
tolerated by travellers. However, rare but potentially
serious AEs caused by yellow fever vaccine should be rec-
ognised and discussed fully with the traveller. Neurological
and viscerotropic disease are of particular importance with
the latter (YEL-AVD) associated with a high fatality rate.
Since 1990, 31 cases and 12 deaths due to YEL-AVYD were
reported in travellers while 6 travellers acquired natural
infection (all fatal) which raised concern that the risk of
vaccination may outweigh its benefit in travellers [59]. This
review reported the rate of vaccine-related serious AEs as
0.4-0.8 per 100,000 travellers, which is higher than other
live vaccines, and with a greater risk in individuals aged
>60 years. Geographically, the risk of serious vaccine-
related AEs may exceed the risk of wild-type virus infec-
tion in travellers to tropical America, but the reverse may
be true for travel to Africa. Thus, a careful assessment of
the risk factors both for naturally acquired infection and
YEL-AVD is needed. The vaccine is contraindicated in those
with a history of a thymus disorder, with or without thy-
mectomy, and should be withheld or given with caution to
those aged >60 and breastfeeding women [77].

Immunising travellers from Japan

Differences between Japan and Western countries in the
national immunisation programmes, production and avail-
ability of vaccines merit discussion. Firstly, several vaccines
in routine use in many developed countries are not yet

routinely given in Japan. These include mumps, varicella,
rotavirus, and hepatitis B vaccine (Table 1), which are
licensed but have to be paid for by the vaccine recipient.
An exception to this is the hepatitis B vaccine where the
cost will be covered by health insurance when given to in-
fants born to a hepatitis B virus-positive mother. Since April
2013, the pneumococcal conjugate vaccine (for children),
Haemophilus influenzae type b, and the human papillo-
mavirus vaccines have been included in the national
immunisation programme; however, of course, most Japa-
nese travellers will not have been immunised with any of
these vaccines. These vaccines may therefore be viewed as
a priority for Japanese travellers, reducing the time and
money available for other vaccines that are recommended
for travel. Secondly, several travel vaccines are not
licensed in Japan; they are the typhoid fever vaccine (the
parenteral Vi polysaccharide and the oral Ty21a), the oral

. cholera, meningococcal, and tick-borne encephalitis vac-

cines. This narrows the spectrum of travel-related diseases
that can be prevented by immunisation in travellers from
Japan. Since, exceptionally, the yellow fever vaccine has
been licensed without official national data from Japan, its
availability is restricted to a limited number of facilities,
most of which are quarantine offices and related facilities.
This makes the vaccine less easily accessible for many
Japanese travellers in need of it. Thirdly, some vaccines are
developed and produced nationally, and are not used
outside Japan, i.e., the hepatitis A vaccine, one of two
available hepatitis B vaccines, and rabies vaccine. This
makes it difficult to apply the large volume of data avail-
able from studies on vaccines licensed in Western countries
to those manufactured in Japan, e.g., data on the simul-
taneous administration of vaccines, accelerated schedules
and interchangeability of vaccines. In recent years, these
issues prompted many travel clinics in Japan to import
vaccines from abroad, and therefore, the licensing of such
Western vaccines in Japan may be viewed as a matter of
priority.

In the meantime, studies on nationally produced Japa-
nese vaccines are ongoing. Takayama et al. [82] examined
rabies antibody levels in travellers who were given post-
exposure prophylaxis, with initial doses of vaccine manu-
factured outside Japan and subsequent doses of Japanese
manufactured vaccine (interchangeability study). After a
total of 5 doses, protective antibody levels were noted in
all travellers (n = 56), but in one combination of the
foreign- and locally-manufactured (Japanese) vaccines,
lower titres (<0.5 EU/mL) were noted in some recipients
after a third dose of vaccine; however, the clinical signifi-
cance of this is unknown. Another study revealed that
approximately one in four travellers who received two
doses of the Japanese-manufactured rabies vaccine as pre-
exposure prophylaxis (days 0 and 28) failed to mount pro-
tective levels of antibodies [83]. This is a concern since
many travellers are unable to complete the full pre-
exposure course (days 0, 28, 180 in Japan) before depar-
ture. This data, together with other work by Takayama'’s
group showing an excellent response (seroconversion in all
subjects) to the accelerated schedule (days 0, 7, 28) with
the Japanese rabies vaccine [84], supports the need to
introduce an accelerated rabies vaccination schedule in
Japan. Studies have also been carried out on the
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tolerability of multiple vaccines administered simulta-
neously, using Japanese vaccines [85]. A critical evaluation
of these Japanese studies would be required to establish
whether there can be a change to the current immunisation
practice in Japan or whether further data is needed be-
forehand. This role may be better served by a newly formed
Japanese organisation equivalent to the Advisory Commit-
tee on Immunization Practices in the U.S., a proposal which
is currently being promoted in Japan.

A study on vaccine uptake by Japanese travellers was
conducted to compare the knowledge, attitudes and prac-
tices (KAP) of Japanese travellers and travellers from a
number of other nations worldwide. It is clear from this
study that vaccine uptake among Japanese travellers is low
and their attitude towards vaccination is somewhat unen-
thusiastic [86]. Travellers may have been influenced by
unsubstantiated media reports of vaccine-associated AEs
[86]. The attitude towards immunisation is also reflected in
the use of prophylactic measures in general. In fact,
another KAP study conducted by one of the current authors
(M.K.) showed poor use of malaria chemoprophylaxis among
Japanese travellers [87].

Travel medicine advisors worldwide should be aware of
the differences between Japan and other nations with re-
gard to vaccine availability and vaccine uptake, while in
Japan these differences should be discussed openly by
professionals, incorporating the views and perceptions of
travellers, trying to ultimately bridge those gaps.
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