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Three recent outbreaks of locally acquired malaria in densely populated areas of the
United States demonstrate the continued risk for mosquitoborne transmission of this dis-
ease. Increased global travel, immigration, and the presence of competent anopheline
vectors throughout the continental United States contribute to the ongoing threat of malaria
transmission. The likelihood of mosquitoborne transmission in the United States is depend-
ent on the interactions between the human host, anopheline vector, malaria parasite, and
environmental conditions. Recent changes in the epidemiology of locally acquired malaria
and possible factors contributing to these changes are discussed.

Malaria was endemic throughout much of the
United States in the late 19th and early 20th
centuries (1). Interrupted human-vector contact,
decreased anopheline populations, and effective
treatment contributed to a decline in transmission
and to subsequent eradication. However, environ-
mental changes, the spread of drug resistance, and
increased air travel (2) could lead to the reemer-
gence of malaria as a serious public health prob-
lem. The potential for the reintroduction of
malaria into the United States has been demon-
strated by recent outbreaks of mosquitoborne
transmission in densely populated areas of New
Jersey, New York, and Texas (3-5). A review of the
malaria life cycle and recent outbreaks illustrates
key elements that affect the risk for malaria trans-
mission in the United States.

Life cycle and Entomologic Principles:
Requirements for Transmission

The malaria parasites are protozoa of the genus
Plasmodium. The four species of Plasmodium that
cause human malaria, P. falciparum, P. vivax, P.
ovale, and P. malariae, are transmitted by the bite
of infective female mosquitoes of the genus
Anopheles. The immature stages of the vector’s life
cycle (egg, larva, and pupa) are aquatic and de-
velop in breeding sites, whereas the aerial adult
stage is terrestrial. Anopheline species capable of
transmitting malaria are found in all 48 states of
the contiguous United States (1). The most

important vectors are An. quadrimaculatus and
An. freeborni, found east and west of the Rocky
Mountains, respectively. However, other ano-
pheline species have been implicated in local
transmission, for example, An. hermsi in Califor-
nia (6).

Humans are the intermediate host and reser-
voir of the parasite, and the mosquito is the defini-
tive host and vector. Female anophelines become
infected only if they take a blood meal from a
person whose blood contains mature male and
female stages (gametocytes) of the parasite. A
complex cycle of development and multiplication
then begins with union of the male and female
stages in the stomach of the vector and ends with
parasites, called sporozoites, in its salivary
glands, which are infective to humans (Figure 1).
The time required for the complete maturation of
the parasite (sporogonic cycle) in the mosquito
varies and depends on the Plasmodium species
and external temperature. At 27oC, approxi-
mately 8 to 13 days are needed for the completion
of this cycle for P. vivax and P. falciparum (7). At
lower temperatures, the time for the sporogonic
cycle is considerably longer: approximately 20
days at 20oC and 30 days at 18oC for P. vivax.
Similarly, for P. falciparum, the sporogonic cycle
takes 30 days at 20oC. At a temperature below
16oC or 18oC, for these two species, respectively,
the cycle cannot be completed and transmission
cannot occur. On the other hand, 33oC is the upper
limit for completion of the sporogonic cycle.

Only anophelines surviving longer than the
sporogonic cycle can transmit malaria, assuming
they took an infective blood meal. Extrinsic factors
that affect the lifespan of the female anopheline,
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and thus the completion of the sporogonic cycle,
include ambient temperature, humidity, and rain-
fall. The efficiency and potential for transmission
have been mathematically correlated to the sur-
vival of the mosquito population. Methods to de-
termine the age range of mosquito populations are
imprecise. Thus, determining the proportion of
anophelines that have lived long enough to com-
plete the sporogonic cycle is difficult.

Anophelines feed at night; therefore, transmis-
sion occurs primarily between dusk and dawn.
When an infected mosquito takes a blood meal, it
injects sporozoites from its salivary glands into the
bloodstream (Figure 1). The sporozoites infect
hepatocytes and begin a process of development
and multiplication. The life cycle is completed
when an anopheline takes a blood meal and in-
gests male and female gametocytes, allowing for
sexual reproduction.

P. vivax gametocytes develop within the first
few days of infection, and so a person may be
infective early in the course of the illness. In
contrast, P. falciparum gametocytes do not appear
for a minimum of 10 to 14 days, by which time
many people would have been symptomatic and
received treatment. In addition, both P. vivax and
P. ovale may form dormant liver stages, called
hypnozoites, which may become active and cause
a relapse of the infection and gametocytemia
months to years after a person has left a malaria-
endemic area. Hypnozoites are only formed at the
time of the initial sporozoite inoculation.

This review of the malaria life cycle identifies
the three factors essential for malaria
transmission: adequate breeding sites and

sufficient abundance of
anophelines, weather
conditions that allow
completion of the sporo-
gonic cycle, and gameto-
cytemic persons.
Historically, adequate
housing, water manage-
ment, and mosquito
control activities acted
to limit anopheline
populations and pre-
vented anopheline-hu-
man contact. In
addition, conditions that
promote mosquito sur-
vival and parasite devel-

opment are not usually sustained; hence, the bal-
ance of these factors does not favor transmission.
However, recent outbreaks demonstrate how
tenuous the balance among these factors is.
Changes that effect human-vector contact and
increased density of gametocytemic persons dur-
ing optimal weather conditions may be all that is
necessary for transmission.

Malaria Surveillance

Historical Background
It is believed that malaria was introduced into

the continental United States by European colo-
nists (P. vivax and P. malariae) and African slaves
(P. falciparum) in the 16th and 17th centuries. It
became endemic in many areas of the country,
paralleling the migration of people, with the ex-
ception of northern New England and mountain-
ous and desert areas (Figure 2). The incidence of
malaria probably peaked in approximately 1875,
and it is estimated that more than 600,000 cases
occurred in 1914 (1). Systematic reporting of ma-
laria cases began in 1933; in 1934 125,556 cases
were reported. The decline in transmission before
the introduction of extensive mosquito control
measures was attributed to a population shift
from rural to urban areas, climatic conditions,
increased drainage, improved housing and nutri-
tion, better socioeconomic conditions and stand-
ards of living, greater access to medical services,
and the availability of quinine for treatment (1).
Additional activities, conducted in the 1940s, that
led to the interruption of malaria transmission
included larviciding, screening of houses, house
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Figure 1. The malaria transmission life cycle.
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spraying (residual spray program with DDT), and
use of DDT (for residual spray and larviciding),
which removed breeding sites, decreased the den-
sity of anophelines, and interrupted anopheline-
human contact. Improved surveillance allowed
treatment of parasitemic persons, focused control
activities geographically, and allowed accurate as-
sessment of the problem.

Surveillance was conducted by CDC to evaluate
the progress toward malaria eradication, and in
the 1950s it was concluded that this goal had been
achieved. At that time, it was recognized that
because of international travel, presence of com-
petent anopheline vectors, and environmental
conditions that could favor transmission, malaria
could be reintroduced into the United States. Sur-
veillance activities have been maintained not only
to identify outbreaks of local malaria transmis-
sion, but also to identify other cases acquired in
the United States (for example, transfusion-in-
duced cases) and to monitor trends in imported
cases that guide CDC prevention recommenda-
tions.

Since 1957, nearly all cases of malaria diag-
nosed in the United States have been imported,
i.e., have been acquired by mosquito transmission
(autochthonous) in areas where malaria is known
to occur (8). In general, approximately half the
cases occur among U.S. civilians and half among
foreign-born civilians. However, each year cases
occur that are acquired congenitally or are in-
duced, i.e., acquired through artificial means, such
as blood transfusions. Rarely, cases occur that are
classified as cryptic (an isolated case of malaria
determined after an epidemiologic investigation
not to be associated with secondary cases) or in-
troduced (a case documented to be acquired by
mosquito transmission from an imported case in

an area where malaria does not normally occur)
(8). In practice, the distinction between a cryptic
and an introduced case may be difficult to ascer-
tain. Frequently, epidemiologic investigations in-
dicate that the infection must have been acquired
in the United States and circumstantial evidence
suggests it was mosquitoborne. Additional evi-
dence to document mosquitoborne transmission in
the United States, such as the presence of ano-
pheline larvae or infective adults, or confirmation
of secondary transmission is rarely ob-
tained.Therefore, all locally acquired cases
thought to be mosquitoborne will be included in
the following discussion, regardless of whether the
final classification was cryptic or introduced.

Overview of Locally Acquired Cases
From 1957, when the current surveillance sys-

tem began, through 1994, 76 cases of introduced
and cryptic malaria were reported (9-27). Single
cases in Louisiana in 1983 and in Massachusetts
in 1985 involved patients who had recently re-
ceived blood transfusions (28, 29). The infections
were likely induced by transfusion, although they
were classified as cryptic because serologic testing
of available donors did not implicate a source
person. Apart from these two, 74 cases were re-
ported from 21 states, including three northern
states (Oregon, north-central New York, and New
Hampshire), that were probably acquired by
mosquitoborne transmission in the United States
(Figure 3). The most common species identified
was P. vivax, which accounted for 59 (80%) cases;
P. malariae accounted for six (8%) cases, and P.
falciparum for five (7%); the species was not iden-
tified for the remaining four (5%) cases. In 1992,
P. vivax, P. falciparum, P. malariae, and P. ovale
were identified in 51%, 33%, 4%, and 3% of

Figure 2. Areas of the United States where malaria was thought to be endemic in 1882 and 1912.
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reported cases, respectively (30). The species was
not identified in the remaining 9% of cases. The
high proportion of locally acquired cases caused by
P. vivax is not surprising for several reasons: vivax
malaria is diagnosed most often among reported
cases; the appearance of gametocytes early in the
course of infection may allow for transmission to
mosquitoes before treatment is received; relapse
may occur months to years after leaving a malaria-
endemic area when hypnozoites are reactivated;
and the temperatures required for the completion
of the sporogonic cycle are found in the United
States.

The 74 cases represent 56 distinct episodes of
probable transmission; 43 episodes involved one
person without risk factors for malaria, nine in-
volved two persons without risk factors, and four
involved three or more persons. Before 1991,
among cases with sufficient information, 41 (89%)
of 46 outbreaks occurred in locations described as
rural. Only three were in areas described as sub-
urban, and two were in army barracks. Since then,
the three episodes in New Jersey (1991), New York
(1993), and Texas (1994) have all occurred in
densely populated suburban or urban areas.

California
From 1980 through 1990, 13 outbreaks of pre-

sumed mosquitoborne transmission were reported
from California. Most occurred in rural areas
where medical services were limited and sanitary
facilities and housing were often substandard,

allowing for anopheline-human contact; they
involved undocumented migrant workers from
malaria-endemic areas who were implicated as
the gametocytemic source. During an outbreak in
Carlsbad, California, in 1986 (6), 28 cases (26
Mexican migrant workers and two Carlsbad resi-
dents) of P. vivax were documented during a 3-
month period. The epidemic curve indicated
secondary transmission, thus confirming mosqui-
toborne transmission. The principal risk factor for
malaria was sleeping on a particular hillside
outdoors during the evening. Adult female ano-
phelines (An. hermsi) were captured from a marsh
area below the hillside, and temperature and hu-
midity were favorable for completion of the sporo-
gonic cycle.

New Jersey
In 1991, two separate episodes of locally ac-

quired P. vivax malaria were identified, occurring
more than 70 miles apart (3); the first was consis-
tent with the expected epidemiologic pattern, but
the second occurred in a suburban and densely
populated area. The index case-patient was an
8-year-old boy, without risk factors for malaria,
(travel or exposure to blood or blood products).
Few undocumented agriculture workers were liv-
ing in this suburban area, but a large number of
documented immigrants and undocumented fac-
tory workers were identified. U.S. census data
from 1990 indicated that the population of
immigrants from the Indian subcontinent,
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where malaria is endemic, increased by 230% com-
pared with census data from 1980. The weather
was hotter and more humid than usual, and
higher anopheline densities were reported from
some regions of New Jersey. The second case-pa-
tient had no clear exposure to mosquitoes but may
have been exposed during the early evening in a
marshy area where he played ball.

New York City
In 1993, another outbreak of locally acquired

malaria occurred in New York City (4). The index
patient had no travel history or other means of
acquiring malaria except local mosquitoborne
transmission. The investigation identified two
other cases of malaria; one in a person who had
traveled internationally 2 years previously, and a
third case which was initially unreported. This
outbreak was unusual, not only because urban
areas are poor habitats for anophelines, but also
because the causative parasite was P. falciparum.
The area where the cases were identified in north-
west Queens had many immigrants; the 1990
census showed a 31% increase in the number of
foreign-born persons, which accounted for 48% of
all recent immigrants into Queens. Many of these
immigrants were from malaria-endemic areas, in-
cluding parts of South and Central America and
Hispaniola (Dominican Republic and Haiti). In
addition, more than 100 cases of imported malaria
were reported in New York City during 1993 (Ma-
laria Section/Division of Parasitic Diseases/CDC
unpublished surveillance data). As seen with the
earlier outbreaks, the weather that summer was
hotter and more humid than usual. During the
several weeks between the proposed dates of
transmission and the investigation, the weather
had changed, interfering with the identification of
active anopheline breeding sites or adult anophe-
lines.

Houston, Texas
Three cases of locally acquired malaria were

identified in Houston in 1994 (5). This investiga-
tion had features similar to those seen in previous
outbreaks in California. All three patients were
homeless and lived in substandard housing, which
provided an opportunity for exposure to anophe-
lines at night. Two of the patients became ill, and
malaria was diagnosed in July; the duration of
illness was 11 days to 3 weeks. The third patient
had symptoms in late July, but a diagnosis of

malaria was not made until December when he
had a relapse of P. vivax, which could only occur
from mosquitoborne transmission. Results from
an indirect immunofluorescence assay for malaria
antibodies conducted on serum specimens ob-
tained in August and December provided addi-
tional evidence that his illness during the summer
was malaria. The infected persons lived in areas
with large immigrant populations. Environ-
mental investigation identified possible breeding
sites, and adult female An. quadrimaculatus were
captured in light traps. In addition, the average
temperature and humidity favored mosquito sur-
vival and development.

The three outbreaks that occurred in the early
1990s in densely populated areas occurred in
neighborhoods with many immigrants from coun-
tries with malaria transmission and weather that
was hot and humid and, therefore, conducive to
the completion of the sporogonic cycle and the
survival of adult female anophelines. The delay
between mosquito inoculation, diagnosis, and in-
vestigation often meant changes in weather and
inability to confirm the presence of adult anophe-
lines and active breeding sites.

Discussion
Understanding the factors that contributed to

these outbreaks and improving case surveillance
will facilitate detection of future outbreaks and
development of appropriate prevention and con-
trol measures.

Two necessary criteria must be met for malaria
transmission: anopheline vectors capable of trans-
mitting malaria and gametocytemic persons. Both
exist throughout the United States. Under current
conditions, the average lifespan of anophelines in
the United States is less than the duration of the
sporogonic cycle. A common feature of all recent
outbreaks has been weather that is hotter and
more humid than usual, which may increase ano-
pheline survival and decrease the duration of the
sporogonic cycle enough to allow for the develop-
ment of infective sporozoites. The possible effect
of weather on malaria transmission has been cited
in recent articles on the potential consequences of
global environmental changes (31-33).

Detection of locally acquired cases depends on
accurate diagnosis and reporting of cases. Prompt
reporting is not universal as suggested by the
Houston investigation (5). Delays in recognizing
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cases are caused by not suspecting malaria in a
person with a febrile illness who has not traveled
internationally, by laboratories inexperienced
with blood smear diagnosis, and by general lack of
reporting of notifiable diseases. Prompt diagnosis,
treatment, and notification are essential for
proper treatment and evaluation of potentially
gametocytemic persons.

Alternative hypotheses for explaining malaria
infection acquired in areas without ongoing trans-
mission have included importation of infective
anophelines either on airplanes, ships, or in bag-
gage (34-36). One recent report of two persons who
acquired P. falciparum in Germany indicates that
conditions supporting local mosquitoborne trans-
mission were present in Germany, although the
authors concluded that infected mosquitoes must
have been imported in baggage (37). Like the
United States, many parts of Europe, including
regions of Germany, have had endemic malaria
transmission and thus are at risk for introduced
autochthonous transmission. These alternative
hypotheses have been addressed in the U.S. inves-
tigations, but none of the episodes occurred close
enough to international airports or harbors to
support these hypotheses. The possibility of “bag-
gage malaria” is intriguing but unlikely for rea-
sons concerning mosquito survival during
transport and expected host-seeking behavior
once the mosquitoes are released from luggage.

Gametocytemic persons, both immigrants and
native-born U.S. civilians, are present in the
United States and can serve as reservoirs of infec-
tion. Water management, improved housing, and
access to health care are critical for preventing
transmission. Diligent malaria surveillance can
detect outbreaks early and allow control measures
to interrupt transmission.
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