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PLoS Medicine 2009, 6:e100048

Conclusions
• High levels of P. falciparum malaria endemicity are common in Africa. 
• Uniformly low endemic levels are found in the Americas. 
• Low endemicity is also widespread in CSE Asia, but pockets of intermediate and very 
rarely high transmission remain. 
• There are therefore significant opportunities for malaria control in Africa and for 
malaria elimination elsewhere. 
• This 2007 global P. falciparum malaria endemicity map is the first of a series with 
which it will be possible to monitor and evaluate the progress of this intervention 
process.

Hay S. et al. A world malaria map. PLoS 
Medicine 2009 

Americas
Area at risk :      
6.03 million km², 
mostly located in 
the Amazon basin

People at risk : 
40.64 million

Endemicity : 
uniformly low
endemic levels

Central SE Asia

Area at risk : 5.53 million km²
People at risk : 685.65 million, mostly located
in India and Indonesia
Endemicity : over 4.72 million km² (88.54 %) 
of this area and 603.61 million (88.03 %) 
people experience low endemicity. 
Geographically small but epidemiologically
important patches of intermediate and very
rarely high risk transmission, for example : 
Orissa state, eastern India, western Myanmar
and the lowlands of New Guinea
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Malaria Journal 2008, 7: 235

Can we rely on epidemiology from
travelers ? November 2008

With the reduction in malaria incidence seen
in both visitors to and from West Africa, 

the most rational explanation for these
findings is a fall in malaria transmission in 
West Africa

which may require a change in 
chemoprophylaxis policy for UK travelers
over the next 5 – 10 years

www.ith.int - 2 February 2009 

– In recent weeks, several European
countries have reported unusually high
numbers of cases of P. falciparum
infection in holiday travellers to the 
Gambia (West Africa) who had not taken
adequante protective measures against
malaria

Severe malaria caused by 
Plasmodium vivax

Am J Trop Med Hyg
NOVEMBER 2009
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Plasmodium vivax : neglected burden

70 – 80 M cases/year

80 – 90 % in Asia-Pacific
10 – 20 % in Africa (East)
110 – 15 % in America

40 % of all malaria cases in 
the world
> 50 % of all malaria cases 
out of Africa

PLoS Medicine 2008, 5:e128

Severe malaria
71 % by P. falciparum
21 % by P. vivax
5 % by mixed

(N = 2634) (N = 590)
23 % of PV - 8,8 % of PV
20 % of PF - 11,7 % of PF
31 % of mixed - 17,3 % of mixed 

Most < 5 years old
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Deaths associated with P. vivax
Case fatality rate among inpatients

P. vivax 1.6 % (46/2,916)
P. falciparum 2.2 % (167/7,722)
Mixed 2.3 % (29/1,260)

PLoS Medicine 2008, 5:e127

PLoS Medicine 2008, 5:e127
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Plasmodium vivax in pregnancy
No documented sequestration
Unclear if it is more frequent or severe in 
pregnancy
Thailand : increased anemia (OR 1-9; Cl 1.4-2.6, 
p<0.001) and decrease in birth weight of 107 gr 
(95 % CI 61-154)
Papua : increased anemia (OR 1.8; CI 1.2-2.9; P 
= 0.1) and decrease in birth weight of 108 gr (95 
% Cl, 17-199)

Nosten et al. Lancet 1999; Poespoprodjo et al. Clin Infect Dis 2008
Martinez-Espinosa et al. Mem Inst Oswaldo Cruz 2004

Conclusions 
There is a sizeable proportion of severe
malaria due to vivax malaria

1/5 of all severe malaria are due to P. vivax in 
PNG
1 /4 of all severe malaria are due to P. vivax in 
Papua

The proportion of severe malaria in mixed 
Plasmodium infections is higher than in P. 
vivax or P. falciparum

Severe malaria caused by 
Plasmodium knowlesi
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= zoonosis

P. knowlesi

Trends Parasitol 08

Clin Infect Dis 2008, 46:165-171

Thailand, Myanmar, China

Clin Infect Dis 2008, 46:165-171
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Emerg Infect Dis 2008, 14:1434

Rotterdam 
2009

Implications for travelers
Patients who

have traveled to Southeast Asia, especially in 
the forest areas, 
and receive a diagnosis of P. malariae
hyperparasitemia by microscopy

should be managed similarly to severe
falciparum malaria

Repellents – Pros and cons

(very) short protection 
duration

« Bio » - High acceptanceNatural Oils

Inter-individual
variation

96 % protection for up to 4 
hours
Plant based repellent
Well tolerated

PMD
Eucalyptys
Citriodora

Variation in efficacyMean protection 23 minutes
Good cosmetic properties

EBAAP
IR3535

Inter-individual
variation

19,2 % preparation similar
Protection to DEET
Best against An gambiae
Less irritating than DEET

Bayrepel®
Picaridin
KBR 3023

May damage fabrics
and plastics

Widely used and tested, 
effective 20 % protects for > 
5 hours

DEET

DisadvantagesAdvantagesRepellent
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Biting times – Important for long-
term travel

An. Gambiae (Africa) – late night indoor 
feeder – nets ideal

An. Darlingi (Amazon) – early evening
biting – peaks 20 and 22.00 – repellents
essential

Seasonal prophylaxis ?

Little to no data available
Unpredictable conditions in many areas
Possibility for Namibia, Botswana, South 
Africa
Seek local advice after 6 months

CDC 2007-8

MEFLOQUINE 
RESISTANCE

CDC 2004
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1 - Malaria

Vervolg / suite 

Prevention of vivax malaria: 
impact of chemoprophylaxis

1987-2007: 389 episodes of imported laboratory confirmed P. vivax following 
short-term travel (<2 months). Median time to diagnosis 115days (IQR 22-259)
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Prophylaxis chloroquine proguanil Chlor + prog mefloquine doxycycline

P<0.0001

Prolonged median time

No 
Prolonged
Median
time

Median time to diagnosis (days)

223
57%

166
43%

Very low risk of malaria in 
Latin America and Asia
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30
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7

Prophylaxis: 13%

Malaria attack rate: 
6,8/100,000 travelers

56 vivax, 
15 falciparum, 
5 mixed vivax + 
falciparum

Prophylaxis: 14,3%

Malaria attack rate: 
5.8/100,000 travelers

15 South America
(vivax 21, falciparum 4)
5 Central America
(all vivax)

1995-2005: 683 imported malaria cases among
Israeli travelers

Number of travelers who require prophylaxis in 
order to prevent 1 case of P. falciparum malaria

Asia: 50,000Latin America: 110,000
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Imported malaria : changing epidemiology in 
Asia and Latin America

Malaria endemicity has decreased
Travel has increased 200-2007

Asia & Pacific  109.3 M to 184.3 M
Americas 36.7 M to   47.1 M

Imported malaria has slightly decreased in most
countries
< 20 % Imported from outside Africa

Asia : 7 – 16 %
Latin America : 2 - 9 %

MMWR EEUU, 2006 - BEF France, 2006
HPR UK, 2008 - Smith AD, BMJ 2008 - Milet JP, Mai J 2008

Low risk of malaria in travelers
to India

1992-2005: imported malaria into 9 countries from India
Decline in number of malaria cases despite constantly increasing travelers
numbers :

93 (1992) 19 /100,000 travelers (2005)
P. vivax > 80%, P. falciparum: 5-12%, 
Deaths: 16 deaths
High risk: East part of India

1999-2004: imported malaria into 8 European countries from Indian
subcontinent (India, Pakistan, Bangladesh, Sri Lanka)

Total malaria fell from 317 (1999) to 180 (2004). 
Only 13% of P. falciparum.
Risk of malaria <1/1000 per visitor

Non-selective prescribing of chemoprophylaxis for visitors to India, 
Pakistan, Bangladesh and Sri Lanka should be stopped
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After stop chemoprophylaxis no increase in malaria coming from
Asia & Latin America

After stop chemoprophylaxis no increase in malaria coming from
Asia & Latin America
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Validity of malaria diagnosis in non-
immune travelers in endemic areas

Sera of 105 non-immune travelers with malaria diagnosed and 
treated during a stay in endemic countries within the previous 6 
months
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diagnosed in endemic countries microscopically confirmed (control
group)

Antibodies against P. 
falciparum and vivax
(indirect IF)

Diagnosis of malaria during travel in 
endemic areas is frequently incorrect

71.6%

15.2%

Decline in imported malaria

Germany: reported imported malaria cases
10,490 cases from 1993 to 2005 (800/y). 
Highest rates from West Africa
Incidence per year decreased remarkably over the years in most of 
the regions
2000: new stanby-concept of malaria prevention (but 
chemoprophylaxis still considered in high transmission seasons)
No negative impact of the standby concept

Netherlands 2000-2007
535 (2000) 197/y (2007) malaria cases 
Travelers to endemic countries: 477.000 (2000) 747.000 (2007)
73% from Sub-Saharan Africa. 
Prophylaxis: 28% 44% 

absolute number of unprotected: 345.000 419.000

Malaria decline in Africa: 
fact or fiction?

Effective treatment, 
insecticide-treated nets

Substantial decline of malaria 
transmission, morbidity and 
mortality in more than 15 
African countries (also in areas 
of previously high level of 
transmission)

Children 2-10y: decline from 
37% (1985-1999) to 17% (2000-
2007)
Many areas previously defined
as « high stable malaria 
transmission » « moderate to 
low transmission areas »

For travelers: shift from 
chemoprophylaxis to stand-by 
treatment

D’Acremont, Switzerland SY 07.01
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Artemisine resistance in 
Cambodia

2 open randomized trials in uncomplicated
falciparum malaria in Pailin (Western Cambodia) and 
Wang Pha (Northwestern Thailand)
Children >5y and non-pregnant adults with non 
complicated

Oral artesumate Oral artesumate
2 mg/kg/d for 7 days 4mg/kg/d for 3 days

followed by 
mefloquine at 2 doses 
totaling 25mg/kg

40 patients in each of the location

Dondorp NEJM 2009; 361, 455-467

Artemisine resistance in 
Cambodia

Thailand

Cambodia

Parasite clearance curve In vitro sensitivity testing

Emergence of resistance of P. falciparum 
to artesunate in Cambodia
< use of artemisine as monotherapy in Cambodia
(combined with mefloquine in Thailand) ?

NEJM 2009, 361:455
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NEJM 2009, 361:455

Slowing of parasitological response

Emerg Infect Dis 2008, 14:716

Emerg Infect Dis 2008, 14:717
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NB - Malaria

Proguanil will not be
available anymore

Malaria vaccine

No role in travel medicine
Explanation of adjuvant systems
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NEJM 2009, 361:468

NEJM 2009, 361:468

NEJM 2009, 361:468
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GSK - Adjuvant System 
• Adjuvant system AS01 = MPL and QS21 and liposomes

– AS01-formulated vaccines : RTS,S/AS01 malaria vaccine

• Adjuvant system AS02 = MPL and QS21 in o/w emulsion
– AS02-formulated vaccines  : RTS,S/AS02 malaria vaccine

• Adjuvant system AS03 = Squaleen & Tocopherol in o/w emulsion & 
Tween
– AS03-formulated vaccines : Pandemic & prepandemic flu vaccines

• Adjuvant system AS04 = MPL® adsorbed on aluminum salt 
(alumunium hydroxide or aluminium phosphate, depending on the 
vaccine) 
– AS04-formulated vaccines : Fendrix ® & Cervarix ®

MPL = Monophosphoryl lipid A, derived from cell wall lipopolysaccharide LPS 
of Salmonella Minnesota

QS 21 = Extracted from the bark of a South American tree (Quillaja saponaria) 

2- Vaccinations

Yellow Fever
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CDC 2009  = WHO 2008

Evidence used for risk mapping

Human and non-human primates : cases, 
clusters and outbreaks
Human serology prior to YF vaccination : 
most data generated in 1950s and earlier
Vegetation and altitude
Vector distribution
YF vaccination coverage

Historic knowledge of yellow fever
distribution

Determined largely from reports of 
clinically diagnosed YF cases
Mild and atypical cases missed
Confusion with other diaseses (e.g. 
malaria)
No laboratory testing available
No formal surveillance
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Recommendations for improvement

Human serosurveys not feasible
Modern computer technology required

Sophisticated electronic mapping programs
Satellite imagery
Geographic information systems

Regular updating
Human, monkey and mosquito surveillance data
Reflecting changes in ecology (global climate change)

Nigeria

East Paraguay

Tanzania, East 
Kenya, N Zambia

Colombia = Mix

2009   2009   
CISTM11, Budapest, Hungary, May 24 - 28, 2009

= near future

2009   2009   CISTM11, Budapest, Hungary, May 24 - 28, 2009

= near future
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2009   2009   CISTM11, Budapest, Hungary, May 24 - 28, 2009

= near future

2009   2009   CISTM11, Budapest, Hungary, May 24 - 28, 2009

= near future

2009   2009   CISTM11, Budapest, Hungary, May 24 - 28, 2009

= near future
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2009   2009   CISTM11, Budapest, Hungary, May 24 - 28, 2009

= near future

2009   2009   CISTM11, Budapest, Hungary, May 24 - 28, 2009

Nigeria

Paraguay

Tanzania

Colombia

2009   2009   CISTM11, Budapest, Hungary, May 24 - 28, 2009

= near future
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Enteric Fever

Lancet Infect Dis 2005, 5:623-28

J Infect Developping Countries 2008, 
2:289-294

S. Typhi = 3671

S. Paratyphi A = 1475
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J Infect Developinf Countries 2008, 
2:289-294

Transactions of the R Soc Trop Med  
Hyg 2007, 101:398

N = 692 S. enterica Typhi
Resistance chloro-ampi-CTX : 22 %
Resistance quinolone 39 %
N = 49 Nalidixite acid S but low level cipro-R
Associated with clinical failure

Alternative treatments ?

Extended spectrum cephalosporins
Ceftriaxone
[Cefixime]

Azithromycin
New fluoroquinolones – Gatifloxacin
Carbapenems
Combinations ?
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Jap Encephalitis

Ixiaro ®
Something new since consensus ? no
About studies in kids ? no
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Fig 2. 
SPR = Sero-protection Rate 

• In the 2x6 mcg group SPRs
were 97.4;82.8; 58.3 and 48.3% 
on Months 2, 6, 12 and 24 
respectively. 

• In the 1x12 mcg group, SPRs
were 41.4; 14.7; 7.8 and 6.0%. 

• In the 1x6 mcg group, SPRs
were 26.5; 8.5; 4.3 and 4.3%. 

GMTs are shown for the
2x6 mcg group.



28

Fig 3. ITT population: 

In the 1x6 mcg group, 
SPR was 10.3% at 
Month 6. 

A booster at Month 11 in 
unprotected subjects 
(displayed in blue in the 
first column) 
led to a SCR at Month 
12 of 99.0% in boosted
subjects 
(displayed in green in the 
second column).

Fig 4. ITT population: 
In the 2x6 mcg group, 
SPR was 83.63% at
Month 6. 
A booster at Month 11 in 
unprotected subjects led 
to a SCR at Month 12 of 
100% (displayed in 
green in the second 
column).

In unboosted subjects of 
this group, SPR at Month 
12 was 70.8%.
A booster at Month 23 in 
unprotected subjects led 
to a SCR of 100%.

2009   2009   
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= a recent article in JTM

IXIARO represents an advance in JE vaccines

2 doses (days 0, 28)3 doses (days 0, 7, 
28)

Dosing schedule

Liquid, pre-filled
syringe

LyophilizedFormat

NoneThimersalPreservative

NonePorcine gelatinStabilizers

Aluminimu hydroxiNoneAdjuvant

Vero cellsMouse brainVirus substrate

InactivatedInactivatedLive/inactivated

IXIAROMouse-brain
derived vaccines

Characteristics

Summary
IXIARO is a new Vero-cell-derived JE vaccine 
for travelers
Highly immunogenic, providing protective 
antibody titers in 98 % after two doses
Protective antibody response lasting for at
least 12 months
Well tolerated
Can be co-administered with hepatitis A 
vaccine

Tauber E et al. Lancet 2007, 370:1847-1853
Schulier E et al.Vaccine 2008, 26:4382-86

Tauter E et al. J Infect Dis 2008, 198:489-99
Lehner C et al. Abstracts of the 56th American Society of tropical Medicine and Hygiene
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Expert opinion on vaccination of 
travelers against JE

Advise
Advise all travelers to areas of Asia where JE virus is
transmitted in an enzootic cycle (including Japan) about the 
risks and consequences of JE and characteristics of available
vaccines

Recommend JE vaccination to 
All expatriates
Repeat travelers who return frequently to the region or who
cumulatively have prolonged duration of exposure
Any individual with a prolonged duration of stay, independent
of itinerary
Any individual with a travel itinerary including rural areas
Travelers wishing maximum protection

Expert opinion on vaccination of 
travelers against JE

Consider vaccination for 
All other travelers visiting regions with enzootic
transmission during a transmission period, 
particularly

Those with greater outdoor exposure
Individuals > 50 years of age
Individualswith chronic conditions, such as

History of solid organ transplant
History of chochlear implants, ventriculoperitoneal shunts 
and other devices impinging the CNS or history of or 
medical conditions associated with CSF leakage
Hypertension
Daibetes melitus
Chronic renal disease
Anti-TNF therapy

Meningococcal meningitis
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Vaccine strategies in travelers : 
comparative risks

Incidence per 100,000
Travelers to developping countries 0,4 month
General US population 1
General UK population 1-3
Close contacts US (household) 420
Africa meningitis belt epidemics 200-800
1987 Haji pilgrims (US) 640
2000 Haji pilgrims (UK, Singapore) 25-30

Pilgrim contacts (Singapore) 18-28

Polysaccharide vaccine 
(Mencevax ACWY)

Quadrivalent polysaccharide 
meningococcal vaccine

Safe and protection of approximately 90 %
No protection for age < 2 years
Duration of protection is short (3-5 years)
Immune hyporesponsiveness after repeated
vaccination
Do not reduce colonization and do not prevent
carriage (unprotected close contacts)

Lancet 2002, 359:1829-31

Experience with conjugate vaccines
MenC conjugate vaccination in the UK in 1999 
has led to a dramatic decline in the incidence 
of serogroup C disease
66 % reduction in serogroup C carriage : Herd
immunity
Broader protection beyond serogroup C 
needed
Quadrivalent meningococcal vaccines against
A, C, Y and W135. ACIP recommends the 
quadrivalent conjugate vaccine to all 
adolescents and those in high-risk groups –
licensed for 2-55 year old
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MenACYW-CRM : conclusion
Protection against 4 serogroups
Well tolerated
Immunogenic in all age groups including
infants
Immunogenicity in adolescents is similar
or higher compared to the polysach
vaccine

Advantages of conjugate vaccines

NoYesHyporesponsiveness
with repeated
dosing

YesNoContributes to herd
effect

YesNoReduction of 
carriage

YesNoBooster effect

YesNoProlonged duration
of protection

YesNoImmune memory

Yes/NoNoEffective in infants

ConjugatePolysaccharideProperty

Harrison LH. Clin Microbiol Rev 2006, 19:142-64

Menactra ® - US
From now on boosters are advised !!!

After 3 year for children vaccinated at 2-6 
years
After 5 years for those older than 6 years
& adults

CDC Immunization Works Monthly
Immunization Update 23 July 2009
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Summary : meningococcal vaccine 
strategies for travelers

Vaccination is required for Haji and Umrah
pilgrims
Vaccination is recommended

For travelers to the meningitis belt (dry season)
For travelers to countries where outbreaks are known to 
occur
For travelers with high risk factors

Vaccination should be considered when traveling 
to other endemic countries because of the 
unpredictability of meningitis outbreaks and 
severity of the disease

Polio
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TBE
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3- Varia 

Human Ebola Outbreak resulting
from direct exposure to fruit bats

May to November
2007: Ebola outbreak in 
the Occidental Kasai
province of Congo: 

260 human cases, 
186 deaths

Epidemiological
investigations:

Massive annual fruit 
bat migration 
toward the 
southeast, up to 
Lulua River
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Ebola outbreak 2007
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TD & post TD
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Prize winning poster
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Extra 

Cerebral Malaria
BVDC

CM in travelers : clinical features
Severe malaria in adult travelers (Paris, France; N 
= 93)

Chemoprophylaxis not given/inappropriate : 98 %
Long median time to adequante treatment : 5 days
Bacterial illness : 13 %
Increased risk of death with CM, pulmonary edema, shock, 
metabolic acidosis

Within this case series, CM patients (N = 34)
Case fatality rate of 26,5 %
9 of 10 who died from severe malaria (90 %) had CM

Can we improve CM definition ?
Malaria retinopathy

Retinal heporrhages
Macular and/or peripheral whitening
Vessel changes

In Malawi children, sensitivity 95 %, specificity
90 % for CM (vs autopsy-proven brain blood
vessel sequestration)
Malawi study : 23 % of CM cases had another
diagnosis
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Malaria retinopathy in adults
Bangladesh study

Retinopathy had 70 % sensitivity and 70 % 
specificity for CM (compared to sepsis, healthy
malaria)
Also frequently seen in uncomplicated malaria

Case reports in travelers
Findings fairly specific, sensitivity in travelers
not established

Mortality and morbidity

Mortality in African and Asian studies, 5–
40%

Morbidity
Neurologic
Cognitive
Neuropsychiatric

Neurologic morbidity
Acutely, significant morbidity

African studies - + 25 % gross neurologic deficits at
discharge
Two indian studies 3-14 % neurologic deficitis at
discharge
No prospective evaluation in travelers

Long term, most gross neurologic deficits
resolve

African studies – 6 months after discharge 1-4 %
One Indian study – 6 months after discharge 1 %

Kenya : high erythropoeitin levels associated
with less frequent neurologic deficits
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Cognitive morbidity
Long-term (2 y after episode) cognitive 
impairment in 25 % of children with CM
Primary areas affected : attention, 
language, working memory
Asia, adults, travelers

No prospective or case-control studies
Case series – memory impairment

Neuropsychiatric morbidity
African children

Ghana study : increased subclinical mixed anxiety-
depression

Asia
Case report, some symptoms resolve, others remain

Vietnam war veterans
Higher frequency of abnormalities in depression, 
personality change in veterans with CM 25-30 years
earlier

No research on risk factors for psychiatric
morbidity

CM treatment : anti-malarials
Artesunate : treatment of choice in Asia (lower
mortality than quinine)
Trials ongoing in Africa
Available in the US only through CDC; Europe 
available through IDIS Pharma, GMP available
? 2009
Need longer-acting partner drug to prevent
recrudescence

Doxycycline
Clindamycin
Mefloquine
Atovaquone-proguanil
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CM treatment : anti-malarials
Quinine or Quinidine

Generally also used with second drug to 
decrease recrudescence

Doxycycline
Clindamycin
Atovaquone-proguanil

Adjunctive therapy in CM
Made no difference

Mannitol
Pentoxifylline

Made outcomes worse
Dexamethasone
Anti-TNF monoclonal Ab

Might help
Exchange transfusion, for high-level parasitemia
Iron chelators : desferrioxamine or dferiprone

New adjunctive therapies in CM ?
Nitric oxide

Clinical trials of arginine in Indonesia show improved
endothelial function and increased NO levels in children
and adults with severe malaria
Other methos – inhaled NO ?; meds that inhibit NO 
breakdown ?

Erythropoeitin
Clinical trial in Mali to assess safety

Rosiglitazone
Immunomodulator, decreased mortality in murine model 
even 5 days after infection

Statins
Suppression of endothelial activation, anti-parasitic
effect



43

Conclusions 1
Cerebral malaria (CM) remains a major 
problem worldwide
CM is an uncommon but often deadly problem
in travelers
CM in travelers is largely avoidable with
appropriate chemoprophylaxis
Investigate bacterial illness in travelers with
CM (13 % France)
Malaria retinopathy may be a uselful clinical
sign in CM

Conclusions 2
Cognitive morbidity occurs in 25 % of children
with CM (2 years follow up)
Cognitive and psychiatric morbidity in adults
and travelers is largely unknown (Vietnam war
vet)
Factors that relate to cognitive and neurologic
morbidity may differ from those relating to 
mortality
CM pathogenesis is complex, involves multiple 
pathways
New insights into the pathogenesis of CM may
lead to better adjunctive treatment of CM


