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Nearly 1500 malaria cases occur each year in the United States;
approximately 60% are among U.S. travelers. Despite the avail-
ability of sophisticated medical care, malaria-related deaths con-
tinue to occur. The authors reviewed all 185 fatal cases between
1963 and 2001 that were reported to the National Malaria Sur-
veillance System: 123 (66.5%) occurred among U.S. travelers, and
of these, 114 (92.7%) were attributed to Plasmodium falciparum.
Failure to take or adhere to recommended chemoprophylaxis, to
promptly seek medical care for post-travel illness, and to promptly
diagnose and treat suspected malaria all contributed to fatal out-

comes. Health care providers need to take a travel history, obtain
a blood film for suspected malaria, and use the 24-hour malaria
management advice available through the Centers for Disease
Control and Prevention (CDC) Malaria Hotline (770-488-7788) or
the CDC Malaria Web site (www.cdc.gov/Malaria). Hospitals
must maintain intravenous quinidine gluconate on formulary be-
cause it is the only drug available to treat severe malaria in the
United States.
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Malaria is an enormous global public health problem,
responsible for up to 500 million febrile illnesses
and approximately 1 million deaths each year (1). The
burden of disease is primarily in sub-Saharan Africa, where
approximately 90% of all malaria-related deaths occur in
children younger than 5 years of age (1).

In contrast, nearly 1500 cases of malaria are reported
each year in the United States (2). Almost all infections are
acquired outside of the United States since indigenous
transmission of malaria was interrupted in the United
States in the late 1940s (3). Although some cases occur in
refugees and immigrants, U.S. travelers overseas are now
the largest group of persons given a diagnosis of malaria. In
2000 (the most recent year for which U.S. Department of
Commerce data are available), approximately 27.7 million
U.S. travelers visited countries affected by malaria (4), and
825 cases of imported malaria among U.S. civilians were
reported to the National Malaria Surveillance System
(NMSS) (2). Despite attempts at increasing awareness of
malaria among travelers and health care workers, malaria-
related deaths among travelers occur nearly every year. A
previous review of mortality from Plasmodium falciparum
malaria in travelers between 1959 and 1987 was published
in 1990 (5); no systematic review has been conducted
since. We therefore performed a systematic review of ma-
laria deaths in the United States from 1963 (the first year
for which complete case reports are still available) through
2001 (the last year for which data are complete) to describe
trends, elucidate risk factors, and identify potential public
health actions to prevent future malaria-related deaths
among U.S. travelers.

METHODS

Malaria is a notifiable disease in the United States.
Malaria cases (including fatal cases) are reported to the
NMSS, which is administered by the Centers for Disease
Control and Prevention (CDC) Malaria Branch. The
NMSS is a passive case detection system that relies on U.S.
state and local health departments and health care provid-

www.annals.org

ers to report laboratory-confirmed malaria cases. Cases di-
agnosed outside the United States or one of its territories
are not included. The CDC publishes an annual summary
of malaria surveillance in the United States as a supplement
to Morbidity and Mortality Weekly Report, which includes
case summaries of all fatal malaria cases. We reviewed and
screened all fatal cases that occurred between 1963 and
2001, and we included only U.S travelers in our review.

We defined a malaria-related death in a U.S. traveler as
1) a death reported to NMSS and subsequently published
in the annual surveillance summary for which malaria was
a direct or indirect cause of death, 2) a malaria diagnosis
and death that occurred in the United States or one of its
territories, 3) death from a malarial infection that was ac-
quired outside of the United States or one of its territories,
and 4) death of a U.S. resident who traveled abroad for any
nonmilitary purpose for any length of time at any point
before onset of malaria.

We abstracted cases that met these inclusion criteria
and entered them into a database (Epi-Info 6.01, CDC,
Atlanta, Georgia). We used Stata software, version 7 (Stata
Corp., College Station, Texas), for all statistical analyses.
We also used several definitions. We defined zime to seecking
care as the number of days between symptom onset and
first visit to a medical provider (coded as “unknown” if
treatment-secking details were not available in the case
summary), time to diagnosis as the number of days between
the first visit to a medical provider and the diagnosis of
malaria (coded as “unknown” if these dates were not spec-
ified), time to treatment as the number of hours between a
diagnosis of malaria and the initiation of antimalarial treat-
ment, appropriateness of chemoprophylaxis regimen as the ex-
tent to which CDC recommendations published at the
time of travel were followed, and appropriateness of treat-
ment as the determination based on the most recent rec-
ommendation from 7he Medical Letter for that year. We
coded adherence to chemoprophylaxis as “adherent” or
“nonadherent” if this was specifically mentioned; if not, we
coded this as “unknown.” We defined a preventable death
as one in which the person 1) took no chemoprophylaxis,
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Figure 1. Number of malaria deaths among travelers, refugees or visitors, and military in the United States, 1963-2001.
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2) ook (or was prescribed) inappropriate chemoprophy-
laxis, 3) took the correct chemoprophylaxis but did not
completely adhere to the prescribed regimen, 4) delayed
secking medical care for more than 2 days after the onset of
symptoms, 5) sought medical care but did not receive a
diagnosis on the day of initial presentation with malaria, 6)
was given a diagnosis of malaria but treatment began more
than 1 day after diagnosis, or 7) was treated with an anti-
malarial drug that was inappropriate for the infecting spe-
cies and region of acquisition.

RESULTS

From 1963 to 2001, 185 malaria-related deaths were
reported to the CDC: 123 (66.5%) occurred among U.S.
travelers, 31 (16.8%) occurred among refugees and visitors,
17 (9.2%) occurred among military personnel, and 14
(7.6%) occurred among unknown or other groups (pet-
centages add to 100.1% because of rounding) (Figure 1).
The number of deaths among U.S. travelers has remained
relatively constant over time, varying between 0 and 10
deaths (median, 3). Among the 123 U.S. travelers, 49
(39.8%) were women and the median age was 51 years
(mean, 48.7 years [range, 12 to 91 years]). Most deaths
(114 [92.7%]) were attributed to P. falciparum, 4 (3.3%)
were attributed to P. vivax, 2 (1.6%) were attributed to P.
malariae, and 1 (0.8%) was attributed to P. ovale. In 2
(1.6%) cases, the species was not determined or not re-
ported. The percentage of erythrocytes infected with P.
Jalciparum was reported for 46 cases (mean, 21.4% [range,
1% to 60%]).

Estimated Case-Fatality Rate, Species of Infection, and
Origin of Infection

The estimated case-fatality rate for U.S. travelers with
reported cases of imported malaria (all species) was 0.9%
(range, 0% to 4.4% by year). For 1985 to 2001, the only
years for which complete computerized data are available,
the case-fatality rate was 1.3% for P. falciparum, 0.06% for
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P. vivax, 0.3% for P. malariae, and 0.3% for P. ovale.
These case-fatality rates are probably an overestimate (par-
ticularly for non—P. falciparum malaria) because deaths are
more likely to be reported than nonfatal cases. Most fatal
cases (93 cases [75.6%)]) were acquired in Africa: Kenya
(25 cases), Nigeria (15 cases), and Liberia (10 cases) were
the most probable frequent origins of infections, account-
ing for 40.6% of fatal cases. The duration of stay varied
widely (<1 day to 23 years), with a median stay of 22 days.
Tourism was the most frequently identified motive for
travel (17.9%), with business (16.3%), missionary work
(13.8%), and visiting friends or relatives (11.4%) as the
next most common reasons. During the most recent years
reviewed (1989 to 2001), the relative importance of these
travel motives shifted: Visiting friends and relatives is now
the most frequently reported motive for travel among fatal
cases (21.3%), followed by business (19.2%), missionary
work (10.6%), and tourism (8.5%).

Use of Chemoprophylaxis

Nearly half of persons (7 = 57 [46.3%]) took no che-
moprophylaxis, and information on the use of chemopro-
phylaxis was not available for an additional 32 persons
(26%). Of the 34 persons who reported taking chemopro-
phylaxis, 12 (35.3%) took a drug or drug combination that
was inappropriate for the region of travel, and 20 (58.8%)
took an appropriate chemoprophylactic drug. Information
was insufficient in 2 individuals to determine whether the
drug regimen was appropriate. Of the 20 persons who took
an appropriate drug, 6 (30%) did not adhere to the pre-
scribed regimen. No information on adherence was avail-
able for an additional 7 persons (35%). Therefore, 7 of 123
individuals (5.7%) were known to take appropriate chemo-
prophylaxis and adhere to the regimen. The reasons these
individuals became ill with malaria is not known, but the
most likely reasons are unreported nonadherence to the
recommended regimen and malabsorption of the antima-
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Table 1. Drugs Used in the Prophylaxis of Malaria*

Malaria-Related Deaths among U.S. Travelers REVIEW

Drug

Atovaquone—proguanil (Malarone,
GlaxoSmithKline, Research Park
Triangle, North Carolina)

Chloroquine phosphate (Aralen,
Sanofi-Synthelabo, Inc., New
York, New York; and generic)

Doxycycline (many brand names
and generic)

Hydroxychloroquine sulfate
(Plaguenil, Sanofi-Synthelabo,
Inc.)

Mefloquine (Lariam, Roche Labo-
ratories, Inc., Nutley, New Jer-
sey; and generic)

Usage

Primary prophylaxis in
areas with chloroquine-
resistant or mefloquine-
resistant Plasmodium
falciparum

Primary prophylaxis only in
areas with chloroquine-
sensitive P. falciparum

Primary prophylaxis in
areas with chloroquine-
resistant or mefloquine-
resistant P. falciparum

An alternative to chloro-
quine for primary pro-
phylaxis only in areas
with chloroquine-sensi-
tive P. falciparum

Primary prophylaxis in
areas with chloroquine-
resistant P. falciparum

Adult Dose Pediatric Dose

Pediatric tablets contain
62.5 mg of atova-
quone and 25 mg of
proguanil hydrochlo-
ride

Adult tablets contain 250 mg
of atovaquone and 100
mg of proguanil hydro-
chloride

1 adult tablet orally per d
Weight-based dosing:
11-20 kg: 1 tablet
21-30 kg: 2 tablets
31-40 kg: 3 tablets
=40 kg: 1 adult tab-
let daily

5 mg/kg of body
weight-base (8.3
mg/kg of salt) orally,
once per wk, up to
maximum adult dose
of 300-mg base

300-mg base (500 mg of
salt) orally, once per wk

=8y of age: 2 mg/kg
up to adult dose of
100 mg/d

100 mg orally per d

310-mg base (400 mg of
salt) orally, once per wk

5 mg/kg-base (6.5
mg/kg of salt) orally,
once per wk, up to
maximum adult dose
of 310-mg base

Weight-based dosing:
=15 kg: 4.6 mg/kg—
base (5 mg/kg of
salt) orally, once

per wk
15-19 kg: 1/4 tablet
once per wk
20-30 kg: 1/2 tablet
once per wk
31-45 kg: 3/4 tablet
once per wk
=46 kg: 1 tablet
once per wk

228-mg base (250 mg of
salt) orally, once per wk

Comments

Begin 1-2 d before travel

to malarious areas.
Take daily at the same
time each d while in
the malarious area and
for 7 d after leaving
such areas. Contraindi-
cated in persons with
severe renal impair-
ment (creatinine clear-
ance < 30 mL/min).
Atovaquone-proguanil
should be taken with
food or a milky drink.
Not recommended for
children < 11 kg,
pregnant women, and
women who are
breastfeeding infants
weighing < 11 kg.

Begin 1-2 wk before

travel to malarious
areas. Take weekly on
the same day of the
week while in the ma-
larious area and for 4
wk after leaving such
areas. May exacerbate
psoriasis.

Begin 1-2 d before travel

to malarious areas.
Take daily at the same
time each day while in
the malarious area and
for 28 d after leaving
such areas. Contraindi-
cated in children <8y
of age and pregnant
women.

Begin 1-2 wk before

travel to malarious
areas. Take weekly on
the same day of the
week while in the ma-
larious area and for 4
wk after leaving such
areas.

Begin 1-2 wk before

travel to malarious
areas. Take weekly on
the same day of the
week while in the ma-
larious area and for 4
wk after leaving such
areas. Contraindicated
in persons allergic to
mefloquine and in per-
sons with active de-
pression, a recent his-
tory of depression,
generalized anxiety
disorder, psychosis,
schizophrenia, other
major psychiatric disor-
ders, or seizures. Not
recommended for per-
sons with cardiac con-
duction abnormalities.

www.annals.org

Continued on following page

5 October 2004 | Annals of Internal Medicine | Volume 141 ® Number 7 | 549



REVIEW | Malaria-Related Deaths among U.S. Travelers

Table I—Continued

Drug

Primaquine (Sanofi-Synthelabo,
Inc.)

Primaquine (Sanofi-Synthelabo,
Inc.)

Usage

An option for primary
prophylaxis in special
circumstances; call the
CDC Malaria Hotline
(770-488-7788) for
additional information

Used for terminal
prophylaxis to decrease
the risk for relapses of P.
vivax and P. ovale
infection

Adult Dose

30-mg base (52.6 mg of salt)

orally per d

30-mg base (52.6 mg of salt)
orally per d for 14 d after

departure from the
malarious area

Pediatric Dose

0.6 mg/kg-base (1.0
mg/kg of salt) up to
adult dose orally per d

0.6 mg/kg-base (1.0
mg/kg of salt) up to
adult dose orally per
d for 14 d after
departure from the
malarious area

Comments

Begin 1-2 d before travel
to malarious areas.
Take daily at the same
time each day while in
the malarious area and
for 7 d after leaving
such areas.
Contraindicated in
persons with G6PD
deficiency. Also
contraindicated during
pregnancy and
lactation unless the
infant being breastfed
has a documented
normal G6PD level.
Use in consultation
with malaria experts.

Indicated for persons
who have had
prolonged exposure to
P. vivax and P. ovale
or both.
Contraindicated in

persons with G6PD
deficiency. Also
contraindicated during
pregnancy and
lactation unless the
infant being breastfed
has a documented
normal G6PD level.

* Source: Centers for Disease Control and Prevention. Health Information for International Travel, 2003—-2004. Adanta: U.S. Department of Health and Human Services,
Public Health Service; 2003. CDC = Centers for Disease Control and Prevention; G6PD = glucose-6-phosphate dehydrogenase.

larial drug. Table 1 summarizes the chemoprophylaxis reg-
imens currently recommended by the CDC (6).

Presenting Symptoms

Fever was the most common presenting symptom, re-
ported for 77.2% of fatal cases, followed by chills (45.9%)
(Table 2). Although the classic symptoms of fever and
chills or sweats were very common, 23 persons (18.7%)
presented with no history of these symptoms. Symptom
onset ranged from 18 days before return to 4 years after
return (median, 5 days after return; P. ovale was the infect-
ing species for the case 4 years after return). One woman, a
91-year-old who died after developing P. malariae infec-
tion, became symptomatic an unknown number of years
after traveling to China.

Time to Seeking Care and Diagnosis

Forty-six persons (37.4%) waited more than 1 day
after symptom onset before seeking medical care (median,
4.5 days [range, 2 to 28 days]). We could not determine
the timing of care-seeking for 58 persons (47.2%). Of the
90 individuals for whom the case report provides adequate
information, 61 (67.8%) did not obtain a diagnosis of
malaria on the same day as the medical visit. The time to
diagnosis ranged from 1 day to 17 days (median, 4 days).
In 4 persons, the species was initially misidentified. Diag-
nosis of P. malariae infection was later changed to P. fal-
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ciparum infection in 2 cases, P. vivax infection was later
changed to P. falciparum infection in 1 case, and P. falci-
parum infection was later corrected to P. vivax infection in

1 case. In 22 of the 123 U.S travelers (17.9%), malaria was
diagnosed only at autopsy.

Delay in Initiating Antimalarial Treatment and Choice of
Antimalarial Therapy

Of 109 persons who had the opportunity to receive
therapy (that is, they received medical attention before
death), 6 (5.5%) had a delay of 12 to 24 hours (median, 24
hours) and 18 (16.5%) never received antimalarial therapy.
In 12 of these 18 cases, malaria was diagnosed only at
autopsy. Among the other 6 cases, 3 persons were hospi-
talized, but diagnosis was delayed and the patient died
before therapy could be initiated; 2 persons died in the
emergency department after malaria had been diagnosed
but before therapy was initiated; and 1 person died at
home, having been seen at an outpatient clinic where a
blood film was obtained but follow-up never occurred. The
number of fatal cases of malaria with delays in initiating
therapy may be greater, but most case reports are not suf-
ficiently detailed to determine this.

Of 90 persons who received antimalarial therapy and
for whom the drug used is known, 9 (10.0%) were given
therapy that was inappropriate for the species, region of
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acquisition, or existing treatment recommendations. In 7
of these cases, chloroquine therapy (alone or in combina-
tion with proguanil) was initally given for treating P. fal-
ciparum acquired in areas with known chloroquine-resis-
tant P. falciparum malaria. In 5 of these 7 cases, therapy
was later changed to a quinine- or quinidine-containing
regimen. In 1 case, quinine was paired with mefloquine for
treatment (increasing the risk for cardiotoxicity). In an-
other case, sulfadoxine—pyrimethamine therapy alone was
started for treating severe malaria (an inadequate therapy
for severe malaria, even for infections acquired in areas
with P. falciparum sensitive to sulfadoxine—pyrimethamine,
because of the relative slowness of this drug in killing ma-
laria parasites), and quinine was later added. Eleven (8.9%)
patients received exchange transfusions as adjunct therapy.

Location of Death, Complications, and Autopsy Findings
Most patients who died (104 patients [84.6%)]) were
hospitalized or died in the emergency department, and 18
(14.8%) died at home or en route to the hospital. In 1
case, information was insufficient to determine whether the
person died at home or in the hospital. Among hospitalized
patients, the range of time between admission and death
was 0 to 42 days (mean, 6.8 days; median, 4 days). The
range of time between onset of symptoms and death was 2
to 43 days (mean, 12.6 days; median, 9.5 days) for the 90
patients for whom this information could be calculated.

Cerebral malaria was the most commonly reported
clinical complication, occurring in 59 cases (48.0%). Renal
failure (54 cases [43.9%]), the acute respiratory distress
syndrome (39 cases [31.7%]), anemia (26 cases [21.1%]),
and disseminated intravascular coagulation (14 cases
[11.4%]) were the next most commonly cited complica-
tions. Blackwater fever was reported in only 1 case, in
1971.

Splenic rupture was identified as a direct or precipitat-
ing cause for 6 deaths (4.9%). In 4 of 6 cases, this diagnosis
was made only at autopsy, while in 2 cases the diagnosis
was made by imaging or detection of abdominal blood at
laparotomy, albeit too late to avoid a fatal outcome. In 4 of
6 cases, P. falciparum was the infecting species. The re-
maining 2 cases included 1 case of P. vivax and 1 case of P.
ovale. The age range among patients with a ruptured spleen
was 12 to 51 years (median, 28 years), which is signifi-
cantly younger than that among fatal cases without splenic
rupture (median, 51 years; 2 = 0.007). The spleen rup-
tured 3 to 15 days after the onset of symptoms (median, 11
days) and 0 to 8 days after the onset of antimalarial treat-
ment (median, 5 days; 1 person died before reaching the
hospital).

Autopsy findings were reported for 50 cases (40.7%).
Plasmodium species in any organ was the most common
finding (27 cases [54.0%]), followed by pulmonary edema
(19 cases [38.0%]), malarial pigment in any organ (18
cases [36.0%]), cerebral edema (11 cases [22.0%]), and
hepatomegaly or splenomegaly (11 cases [22.0%]).
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Table 2. Presenting Symptoms of 123 U.S. Travelers Who Died
of Malaria, 1963-2001

Symptom Travelers, n (%)
Fever 95 (77.2)
Chills 56 (45.9)
Mental status changes 24 (19.7)
Myalgia 23 (18.9)
Fatigue or malaise 22 (18.0)
Diarrhea 20 (16.4)
Weakness 20 (16.4)
Vomiting 20 (16.4)
Headache 19 (15.6)
Nausea 19 (15.6)
Nonspecific respiratory symptoms 9(7.4)
Lethargy 8 (6.6)
Cough 8 (6.6)
Abdominal pain 8 (6.6)
Jaundice 8 (6.6)
Sweats 5(4.1)
Dizziness 4(3.3)
Anorexia 3(2.5)
Seizures 2(1.6)
Other 22 (17.9)

Preventability of Deaths

Most deaths (z = 105 deaths [85.4%)]) were consid-
ered preventable. For 83 (79.0%) of these 105 patients,
their own decisions may have contributed to death, includ-
ing failure to take chemoprophylaxis, to adhere to the pre-
scribed chemoprophylaxis regimen, or to seek medical at-
tention promptly (within 2 days) once symptoms occurred.
For 70 of these 105 persons (66.7%), medical errors may
have contributed to the fatal outcome; these errors include
failure to prescribe the correct chemoprophylaxis regimen,
failure to diagnose malaria on initial presentation, failure to
initiate treatment promptly on diagnosis, or treatment
with an antimalarial drug that was inappropriate for the
infecting species or region of acquisition. Figure 2 summa-
rizes the factors that lead to a malaria-related death.

Discussion

Between 1963 and 2001, nearly 1 of every 100 U.S.
travelers with malaria diagnosed and reported to the
NMSS on return to the United States died. Plasmodium
Jalciparum was responsible for nearly all of these deaths.
Although fever was by far the most common primary
symptom among those who died, symptoms were fre-
quently protean and nonspecific and often included respi-
ratory and gastrointestinal symptoms. Almost all deaths
identified in this review were preventable. Most travelers
made decisions that may have contributed to death. Some
did not take any chemoprophylaxis, some took the correct
chemoprophylactic regimen but did not fully adhere to the
prescribed regimen, and others delayed seeking care once
they became ill. For more than half of all deaths, errors
related to the provision of health care may have contrib-
uted to a fatal outcome: prescription of the wrong chemo-
prophylaxis drug, delay in diagnosing malaria or initiating
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Figure 2. Potential contributing factors to malaria-related
fatalities among U.S. travelers.
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treatment, or use of an inappropriate treatment drug. In
some instances, the correct antimalarial treatment drug was
not available in the hospital or had expired. Given the
speed with which P. falciparum malaria can be fatal, par-
ticularly in nonimmune travelers, these delays in delivering
appropriate treatment may have contributed to death. This
current estimated case-fatality rate for P. falciparum is
lower than what has been previously reported for the
United States during earlier time periods (3.8% for 1966
to 1987) (5).

Travelers and health care providers must be educated
about the importance of malaria prevention (Table 3): che-
moprophylaxis (the correct regimen taken as directed) and
personal protection measures (such as insecticide-treated
mosquito nets and insect repellents containing DEET
[N,N-diethyl-3-methylbenzamide]). These prevention mea-
sures are detailed in Health Information for International
Travel, also known as the “Yellow Book,” published bien-
nially by CDC (6), and are also available on the Internet
(www.cde.gov/travel/yb/index.htm). Despite the availabil-
ity of these recommendations, several reports (primarily of
nonfatal malaria cases) over the past 20 years document
travelers’ failing to take any chemoprophylaxis, travelers’
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taking inappropriate chemoprophylaxis that is against the
region of travel, or travelers’ not completely adhering to
the prescribed chemoprophylactic regimen (7-18).

Of particular note, chemoprophylaxis with chloro-
quine and proguanil (not currently marketed in the United
States) is still frequently used in areas with chloroquine-
resistant P. falciparum malaria (12, 19). Both nonfatal (17,
19) and fatal malaria cases have been reported after chlo-
roquine—proguanil use for malaria chemoprophylaxis (9,
16), and the CDC no longer recommends this combina-
tion as a chemoprophylaxis option for travelers to areas
with chloroquine-resistant P. falciparum (6). This combi-
nation was once listed as a third-line option but was re-
moved when atovaquone—proguanil became available. In
areas with chloroquine-sensitive P. falciparum, proguanil

Table 3. Summary of Key Findings of Review of Malaria Deaths
among U.S. Travelers, 1963-2001, and Recommended Action
Items To Reduce Mortality

1. Many patients who died did not take any malaria chemoprophylaxis.

Educate health care providers about available resources for
up-to-date prophylaxis recommendations:

Health Information for International Travel (the “Yellow Book")
(www.cdc.gov/travel/yb/index.htm)

CDC Travelers’ Health Web site (www.cdc.gov/travel)

Educate travelers about the need for malaria chemoprophylaxis;
especially important for those visiting friends and relatives.

2. Many patients who died did not completely adhere to recommended
chemoprophylaxis regimens.
Advise travelers about the importance of complete adherence to
prescribed malaria chemoprophylaxis regimens.

3. Many patients who died did not seek prompt medical care once
symptoms began.
Clinicians providing pretravel advice need to stress importance of
seeking medical care for illnesses in the 3 mo after return.
All travelers should develop a plan for illness (abroad or after return
to the United States).

4. Diagnostic delays common among fatal cases.
Take basic travel history when relevant.
Order malaria blood films for suspected malaria.
Read blood films immediately; qualified laboratory personnel should
be on call.
Repeat negative blood slides from suspected malaria cases (a total of
3 blood film examinations in 24 h).

5. Delays in initiating antimalarial treatment contributed to many fatalities.

Promptly initiate appropriate antimalarial treatment.

If diagnosis of malaria is suspected and cannot be confirmed or if
diagnosis of malaria is confirmed but species cannot be
determined, immediately initiate antimalarial treatment that is
effective against Plasmodium falciparum.

Educate health care providers about resources on up-to-date
treatment recommendations:

CDC Malaria Web site (www.cdc.gov/malaria)
CDC Malaria Hotline (24-hour advice line for clinicians:
770-488-7788)

Intravenous quinidine should be available on hospital formularies.

If quinidine is not available, obtain it from a local source (other
pharmacy or regional distributor).

If no local source available, contact Eli Lilly and Company, the
current U.S. manufacturer of quinidine gluconate
(800-821-0538, Monday to Friday, 7:30 a.m. to 6:00 p.m., or
317-276-2000 after hours) to arrange for rapid shipment of the
drug.

* CDC = Centers for Disease Control and Prevention.
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adds lictle to the efficacy of chloroquine and is inferior to
other more efficacious options, such as atovaquone-—
proguanil, doxycycline, and mefloquine (and now prima-
quine as a second-line option in special circumstances).
This regimen should not be in the chemoprophylaxis ar-
mamentarium, except under extraordinary circumstances.

A Canadian review of malaria cases from 2 hospital-
based tropical disease centers found a similar problem with
traveler delay in seeking care after the onset of symptoms
(mean, 6.7 days), although only 1 death was recorded (20).
This same review also noted that although most patients
had a history of fever, only half were febrile at presentation,
and that other signs and symptoms were nonspecific. Sim-
ilar findings have also been reported in previous reviews of
fatal malaria cases in the United States (5, 21) and nonfatal
cases elsewhere (17). Similar to our study finding, other
reports have consistently noted the failure of clinicians to
prescribe appropriate chemoprophylaxis to travelers who
seek pretravel advice (22) and to appropriately diagnose
and treat malaria among returning travelers (17, 23-26).

These data suggest that clinicians must help prevent
further unnecessary malaria-related deaths (Table 3). First,
when relevant, health care providers must take a basic
travel history on patients. Obtaining a travel history is not
optional in a febrile patient, and relying on the patient to
volunteer this information may result in crucial history
being overlooked. Second, health care providers must ob-
tain a malaria blood film for all patients with suspected
malaria. Treatment with an appropriate antimalarial drug
must be initiated once malaria has been diagnosed. If ma-
laria is suspected but prompt laboratory diagnosis is not
possible, antimalarial treatment should be initiated pend-
ing results of the malaria blood film.

For many years, malaria experts have called for better
education of health care providers in managing malaria.
This call to action, however, has not eliminated errors in
diagnosis and management that sometimes have tragic con-
sequences, as evidenced by these data. Because clinicians
see malaria infrequently, they should be informed that
public health authorities are available to assist with diagno-
sis and management. The CDC provides a 24-hour Ma-
laria Hotline (770-488-7788) for this purpose. The U.S.
guidelines for malaria treatment are being written by the
CDC with input from outside experts. These complete
guidelines will be available on the Internet and will provide
accurate, up-to-date, evidence-based recommendations to
clinicians (Parise M. CDC. Personal communication). A
table outlining CDC-recommended treatment regimens is
already available on the CDC Malaria Web site (www.cdc
.gov/malaria).

The timeliness of malaria diagnostic capacity must be
improved. Many, if not most, hospitals have little experi-
ence in reading malaria blood films. Health facilities must
have established contact with local or state public health
laboratories who can provide either the needed laboratory
service (often slides may be shipped overnight to these fa-
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cilities) or guidance on the availability of local laboratories
with the necessary experience to accurately read a malaria
blood film. In other cases in which the laboratory person-
nel with malaria slide reading experience may not be on
duty, hospitals and laboratories must develop systems for
having such staff on call and available 24 hours. Although
much has been written about rapid diagnostic tests for
malaria, no product is currently approved for use in the
United States, and available data suggest that these tests do
not have adequate sensitivity at low parasite densities that
can cause disease in nonimmune travelers (27) to avoid
potentially fatal, false-negative results. An approved rapid
diagnostic test would nonetheless be useful because a pos-
itive test result might speed the initiation of antimalarial
drug treatment. However, if such an approved test was
used in the future, malaria must still be confirmed with a
blood film. If no alternative diagnostic means were avail-
able (that is, microscopy or polyermase chain reaction), a
rapid test would need to be repeated, which is currently
done with blood films.

Blood films of patients with suspected malaria should
be read immediately. However, if the diagnosis of malaria
is suspected and cannot be confirmed, or if a diagnosis of
malaria is confirmed but species determination is not pos-
sible, antimalarial treatment effective against P. falciparum
must be initiated immediately. Confirmed, possible, and
suspected cases of P. falciparum should all be considered
medical emergencies. Sending a patient home to await re-
sults of a malaria blood film without antimalarial therapy
or hospitalizing a patient for whom blood slide results will
not be available for more than several hours without initi-
ating immediate treatment with an antimalarial is not an
acceptable course of action. Negative blood slides from
suspected malaria cases should be repeated (a total of 3
blood film examinations in 24 hours) if symptoms persist
and other underlying causes are not found. Resistance of P.
Jalciparum to chloroquine is nearly worldwide, except in
some geographic regions, such as most of Central America
(6). Therefore, therapy for presumed P. falciparum malaria
from areas with known chloroquine resistance should al-
ways include a drug that is effective against such resistant
strains.

Hospitals must have intravenous quinidine gluconate
on formulary because it is the only drug currently approved
and available in the United States for treating severe ma-
laria. In recent years, quinidine has become less widely
available because its use as an antiarrhythmic drug has de-
creased, and many hospitals no longer stock it (28). Deaths
related to the poor availability of quinidine have been
noted previously in the United States (29), Canada (16),
and Israel (24), and our findings re-emphasize this prob-
lem. The cost of maintaining quinidine gluconate on for-
mulary would be minimal. The average 70-kg adult would
require approximately nine 800-mg vials to complete 72
hours of treatment with quinidine gluconate (10 mg/kg of
body weight for the loading dose and 70 hours of contin-
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uous infusion at 0.02 mg/kg per minute). The wholesale
cost of this therapy is approximately $154.00 ($17.11 per
vial), and the shelf life at room temperature for injection is
2 years. If a hospital does not have quinidine gluconate on
formulary, the hospital should attempt to obtain it from a
local source (other pharmacy or regional distributor) that
will minimize delays in initiating treatment. If no local or
regional drug sources are available, pharmacists should
contact Eli Lilly and Company, the current U.S. manufac-
turer of quinidine gluconate (800-821-0538, Monday to
Friday, 7:30 a.m. to 6:00 p.m., or 317-276-2000 after
hours), to arrange for rapid shipment of the drug.

The artemisinin derivatives are efficacious and widely
used overseas for treating severe malaria. The CDC is in-
vestigating how to make a parenteral artemisinin available
under a restricted-access protocol for persons who may
have quinidine-resistant malaria or severe quinidine intol-
erance. The availability of an approved parenteral artemisi-
nin product that has met the U.S. Food and Drug Admin-
istration’s requirements for proof of safety, efficacy, and
manufacturing practices would be a much-needed addition
to the U.S. armamentarium of drugs for treating severe
malaria.

Obur study has several limitations. First, not all malaria-
related deaths may be reported to CDC. Conversely, how-
ever, malaria-related deaths may be over-represented in the
NMSS because fatal cases are more likely to have been
reported than nonfatal cases; this probably inflated the
overall case-fatality rate. Second, NMSS is a passive data
collection system that may provide data that are more dif-
ficult to interpret than prospectively collected data. Third,
case histories in the NMSS malaria surveillance summaries
are often brief or incomplete. Because information on
deaths has not been collected or presented in a standard-
ized format, omissions, such whether the person sought
medical care before the diagnosis was made, are difficult to
interpret. Fourth, key variables, such as delay in seeking
treatment and delay in diagnosis, are not available for non-
fatal cases; thus, the contribution of these problems to ma-
laria mortality among U.S. travelers cannot be quantitated.
Finally, the NMSS collects information about malaria cases
diagnosed only in the United States. Malaria cases and
malaria-related deaths among U.S. travelers that occur
overseas are not included in this study, although other re-
ports have documented their occurrence (30-32).

In summary, nearly 1 of every 100 U.S. travelers with
malaria diagnosed and reported to the NMSS on return to
the United States died, and P. falciparum is responsible for
nearly all deaths. Communication with health care provid-
ers and travelers about malaria as a life-threatening illness
must be improved. Providers must educate travelers about
the need for appropriate chemoprophylaxis and personal
protection measures if they travel to malarious areas and to
develop a plan for illness (abroad or after return to the
United States). Health care providers must also be re-
minded about the importance of taking a travel history,
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obtaining a blood film for suspected malaria, and using the
24-hour malaria management advice available through the
CDC Malaria Hotline (770-488-7788). Intravenous quin-
idine gluconate must be maintained on hospital formular-
ies because it is the only drug available to treat severe ma-
laria in the United States.

From the Centers for Disease Control and Prevention, Atlanta, Georgia.

Acknowledgments: The authors thank Meghna Desai and Jacqueline
Roberts for assistance with data management.

Potential Financial Conflicts of Interest: None disclosed.

Requests for Single Reprints: Robert D. Newman, MD, MPH, Ma-
laria Branch, Centers for Disease Control and Prevention, 4770 Buford
Highway NE, Mailstop F-22, Atlanta, GA 30341; e-mail, ren5@cdc.gov.

Current author addresses are available at www.annals.org.

References

1. Breman JG. The ears of the hippopotamus: manifestations, determinants, and
estimates of the malaria burden. Am ] Trop Med Hyg. 2001;64(1-2 Suppl):1-11.
[PMID: 11425172]

2. Causer LM, Newman RD, Barber AM, Roberts JM, Stennies G, Bloland
PB, et al. Malaria surveillance—United States, 2000. MMWR Surveill Summ.
2002;51(SS05):9-21.

3. Pan American Health Organization. Report for certification and registration
of malaria eradication from the United States of America. Washington, DC: Pan
American Health Organization; 1969.

4. U.S. Resident Travel Abroad: Historical Visitation—OQOutbound 1990-2000
(One or More Nights). Washington, DC: U.S. Department of Commerce, In-
ternational Trade Administration, Office of Tourism & Travel Industries; 2001.
5. Greenberg AE, Lobel HO. Mortality from Plasmodium falciparum malaria in
travelers from the United States, 1959 to 1987. Ann Intern Med. 1990;113:
326-7. [PMID: 2197915]

6. Centers for Disease Control and Prevention. Health Information for Inter-
national Travel, 2003-2004. Atlanta: U.S. Department of Health and Human
Services, Public Health Service; 2003.

7. Lackritz EM, Lobel HO, Howell BJ, Bloland P, Campbell CC. Imported
Plasmodium falciparum malaria in American travelers to Africa. Implications for
prevention strategies. JAMA. 1991;265:383-5. [PMID: 1984539]

8. O’Brien D, Tobin S, Brown GV, Torresi J. Fever in returned travelers: review
of hospital admissions for a 3-year period. Clin Infect Dis. 2001;33:603-9.
[PMID: 11486283]

9. Malaria deaths following inappropriate malaria chemoprophylaxis—United
States, 2001. MMWR Morb Mortal Wkly Rep. 2001;50:597-9. [PMID:
11476528]

10. Lobel HO, Campbell CC, Schwartz IK, Roberts JM. Recent trends in the
importation of malaria caused by Plasmodium falciparum into the United States
from Africa. | Infect Dis. 1985;152:613-7. [PMID: 3897400]

11. Lobel HO, Campbell CC, Pappaioanou M, Huong AY. Use of prophylaxis
for malaria by American travelers to Africa and Haiti. JAMA. 1987;257:2626-7.
[PMID: 3553634]

12. Lobel HO, Baker MA, Gras FA, Stennies GM, Meerburg P, Hiemstra E, et
al. Use of malaria prevention measures by North American and European trav-
elers to East Africa. ] Travel Med. 2001;8:167-72. [PMID: 11703900]

13. Behrens RH, Taylor RB, Pryce DI, Low AS. Chemoprophylaxis compliance
in travelers with malaria. ] Travel Med. 1998;5:92-4. [PMID: 9772323]

14. Dan M, Costin C, Slater PE. Malaria Imported by Travelers: The Israeli
Experience. ] Travel Med. 1996;3:182-185. [PMID: 9815452]

15. Dorsey G, Gandhi M, Oyugi JH, Rosenthal PJ. Difficulties in the preven-
tion, diagnosis, and treatment of imported malaria. Arch Intern Med. 2000;160:

www.annals.org



2505-10. [PMID: 10979063]

16. Humar A, Sharma S, Zoutman D, Kain KC. Fatal falciparum malaria in
Canadian travellers. CMAJ. 1997;156:1165-7. [PMID: 9141989]

17. Kain KC, Harrington MA, Tennyson S, Keystone JS. Imported malaria:
prospective analysis of problems in diagnosis and management. Clin Infect Dis.
1998;27:142-9. [PMID: 9675468]

18. Jelinek T, Schulte C, Behrens R, Grobusch MP, Coulaud JP, Bisofh Z, et
al. Imported Falciparum malaria in Europe: sentinel surveillance data from the
European network on surveillance of imported infectious diseases. Clin Infect
Dis. 2002;34:572-6. [PMID: 11803507]

19. Klement E, Chauveheid MP, Thellier M, Bricaire F, Danis M, Caumes E.
Subacute clinical forms of Plasmodium falciparum malaria in travelers receiving
chloroquine-proguanil prophylaxis. Clin Infect Dis. 2001;33:e1-2. [PMID:
11389510]

20. Svenson JE, MacLean JD, Gyorkos TW, Keystone J. Imported malaria.
Clinical presentation and examination of symptomatic travelers. Arch Intern
Med. 1995;155:861-8. [PMID: 7717795]

21. Lobel HO, Campbell CC, Roberts JM. Fatal malaria in US civilians [Letter].
Lancet. 1985;1:873. [PMID: 2858730]

22. Reilly PC Jr. Risk of malaria among travelers [Letter]. N Engl ] Med. 1980;
303:587-8. [PMID: 7402230]

23. Bloland P, Colmenares J, Gartner G, Schwartz IK, Lobel H. Cost and
Appropriateness of Treating Plasmodium falciparum Infections in the United
States. ] Travel Med. 1995;2:16-21. [PMID: 9815354]

24. Weber G, Schwartz E, Schlaeffer F, Lang R, Alkan M. Imported severe

www.annals.org

Malaria-Related Deaths among U.S. Travelers REVIEW

falciparum malaria in Israel. ] Travel Med. 1998;5:97-9. [PMID: 9772325]

25. Winters RA, Murray HW. Malaria—the mime revisited: fifteen more years
of experience at a New York City teaching hospital. Am ] Med. 1992;93:243-6.
[PMID: 1524074]

26. Kyriacou DN, Spira AM, Talan DA, Mabey DC. Emergency department
presentation and misdiagnosis of imported falciparum malaria. Ann Emerg Med.
1996;27:696-9. [PMID: 8644955]

27. Moody A. Rapid diagnostic tests for malaria parasites. Clin Microbiol Rev.
2002;15:66-78. [PMID: 11781267]

28. Availability and use of parenteral quinidine gluconate for severe or compli-
cated malaria. MMWR Morb Mortal Wkly Rep. 2000;49:1138-40. [PMID:
11190119]

29. Availability of parenteral quinidine gluconate for treatment of severe or com-
plicated malaria. MMWR Morb Mortal Wkly Rep. 1996:45:494-5. [PMID:
8628210]

30. Frame JD, Lange WR, Frankenfield DL. Mortality trends of American
missionaries in Africa, 1945-1985. Am ] Trop Med Hyg. 1992;46:686-90.
[PMID: 1621893]

31. Adera T, Wolfe MS, McGuire-Rugh K, Calhoun N, Marum L. Risk factors
for malaria among expatriates living in Kampala, Uganda: the need for adherence
to chemoprophylactic regimens. Am ] Trop Med Hyg. 1995;52:207-12. [PMID:
7694960]

32. Sudden death in a traveler following halofantrine administration—Togo,
2000. MMWR Morb Mortal Wkly Rep. 2001;50:169-70, 179. [PMID:
11393488]

5 October 2004 | Annals of Internal Medicine | Volume 141 ® Number 7 | 555



Current Author Addresses: Dr. Newman, Dr. Parise, Ms. Barber, and
Dr. Steketee: Malaria Branch, Centers for Disease Control and Preven-
tion, 4770 Buford Highway NE, Mailstop F-22, Atlanta, GA 30341.

W-108|5 October 2004|Annals of Internal MedicirIub’qume 141 « Number 7 www.annals.org



