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Abstract

Malaria is Anopheles-borne protozoan disease of worldwide distribution. Infection may result
in a wide variety of symptoms, ranging from absent or very mild symptoms to severe disease
and even death. Malaria can be categorized as uncomplicated or severe. It is a curable disease if
diagnosed and treated promptly and correctly. All the clinical symptoms associated with malaria
are caused by the asexual erythrocytic or blood stage parasites. When the parasite develops in
the erythrocyte, numerous known and unknown waste substances such as hemozoin pigment and
other toxic factors accumulate in the infected red blood cell. These are dumped into the blood-
stream when the infected cells lyse and release invasive merozoites. The hemozoin and other
toxic factors such as glucose phosphate isomerase (GPI) stimulate macrophages and other cells
to produce cytokines and other soluble factors which act to produce fever and rigors and proba-
bly influence other severe pathophysiology associated with malaria.

After infective bite by Anopheles-vector, a period of time (incubation period) goes by before
the first symptoms appear. Incubation period in most cases varies from 7 to 30 days. The shorter
periods are most frequently with P. falciparum and the longer ones with P. malariae.

Antimalarial drugs taken for prophylaxis by travelers can delay the appearance of malaria
symptoms by weeks or months, long after the traveler has left the malaria-endemic area. This
can happen particularly with P. vivax and P. ovale, both of which can produce dormant liver
stage parasites; the liver stages may reactivate and cause disease months after the infective mos-

quito bite. Besides, malaria-co-infection with HIVV/AIDS and others is another serious issue.
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Introduction

Malaria (= Quartan malaria; Falciparum
malaria; Biduoterian fever; Black-water fe-
ver; Tertian malaria; Plasmodium) is an im-
portant cause of fever and serious illness in
returned travelers. Among nearly 7000 re-
turned travelers with fever seen at a Geo-
Sentinel clinic between 1997 &2006, for ex-
ample, malaria was the most common spe-
cific etiologic diagnosis, found in 21% of
cases. The relative risk of malaria is higher
among returned travelers from the Sub-
Saharan Africa than those from Asia or the
Americas (Wilson et al, 2007). Sub-Saharan
Africa is, geographically, the continent area
of Africa that lies south of the Sahara (UN,
2010), consists of all African countries (54)
that are fully or partially located south of the
Sahara (Library of Congress, November 15,
2010).

Tanzania (Capital is Dodoma; Largest City
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Is Dar es-Salaam); is the 13™ largest coun-
try in Africa and the 31% largest in the world,
ranked between the larger Egypt and smaller
Nigeria. It borders Kenya and Uganda to the
north; Rwanda, Burundi, and the Democratic
Republic of the Congoto the west; and
Zambia, Malawi and Mozambique to the
south.

Review, Discussion and Comment

Approximately 1500 cases of imported
malaria are reported annually to the CDC,;
this was likely an underestimate given un-
derreporting in the United States (Mali et al,
2008). More than half of the reported cases
are due to P. falciparum, which causes the
most severe disease; patients with P. falci-
parum may progress to life-threatening ill-
ness within hours and it is associated with
widespread drug resistance. Since 1997,
there has been an average of six malaria
deaths per year in the United States (Bruneel
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et al, 2003). Human Plasmodium malaria is
caused by P. falciparum: P. vivax, P. ovale,
P. malariae, and P. knowlesi (Cox-Singh et
al, 2008). 1- P. falciparum causes the sev-
erest disease; patients with this form of ma-
laria may progress to life-threatening illness
within hours (Guerra et al, 2006). 2- P. vi-
vax has the greatest geographic range and
burden of disease. Worldwide, the estimated
infections ranged between 130 & 390 milli-
on, with 2.6 billion individuals living at risk
of infection (Kochar et al, 2005). Endemic
vivax malaria occurs throughout most of the
tropics, including Africa, Asia, the South
Pacific, and Central and South America. It
may occur at any latitude capable of sup-
porting anopheline mosquitoes (even for
brief periods) including temperate latitudes
on the Korean Peninsula, China, Russia, and
countries in southwestern Asia; as Iran, Afg-
hanistan, and Tajikistan. Absence of Anoph-
eles vector in tropical Micronesia and Poly-
nesia spares these regions, and absence of
Duffy factor on the surface of red blood
cells among most Africans spares virtually
all of west and central Africa of malaria due
to P. vivax (Strickland, 2000). 3- P. ovale
malaria was described in tropical western
Africa and with rare frequency in Southeast
Asia and Oceania. According to a survey
performed in 1966, the only endemic areas
for P. ovale malaria outside of Africa were
the Philippine archipelago and the island of
New Guinea. In a report of 15,806 blood
film examinations at several sites in Indone-
sia between 1973 & 1989, 34 infections due
to P. ovale were identified; the frequency of
P. ovale relative to P. falciparum and P. vi-
vax was <1:1000 (Hay et al, 2004). 4- P.
malariae occurs with relatively low preva-
lence in isolated pockets throughout the
tropics (Mueller et al, 2007). 5- P. knowlesi
is an emerging human pathogen initially
recognized in 2004, although the first human
case was described in 1965 (Chin et al,
1965). Malaria due to P. knowlesi was de-
scribed in Malaysian Borneo; cases have
also been reported in Thailand, Myanmar,
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Singapore, and the Philippines (Putaporntip
et al, 2009). However, P. knowlesi infection
in macaques occurs in India, across Indochi-
na, the Philippine archipelago, and the Indo-
nesian archipelago to the island of Lombok,
just east of Bali (Kantele and Jokiranta,
2011). P. knowlesi replicated every 24 h in
human host and hence, causes quotidian ma-
laria, causes a wide range of clinical pictures
including fatal illness, and chloroquine is
effective in treating uncomplicated malaria
(Vadivelan and Dutta, 2014).

Humans living or traveling in all of these
regions (e.g., within range of distribution of
Anopheles vector), especially those living in
proximity to macaques, may be considered
at risk of infection by P. knowlesi (Luchavez
et al, 2008). It appears to be a threat not only
to the local population in Malaysia. Tourism
resulted in increasing cases in Europe,
America, and Oceania (Miller and Schla-
genhauf, 2014) and to Germany from Thai-
land (Orth et al, 2013).

Clinical manifestations: Malaria should be
suspected in the setting of any febrile illness
after exposure to a region where malaria is
endemic? (Wilson et al, 2007). Symptoms
and signs of uncomplicated malaria may al-
so include tachycardia, tachypnea, chills,
malaise, fatigue, diaphoresis, headache, cou-
gh, anorexia, nausea, vomiting, abdominal
pain, diarrhea, arthralgias and myalgias. The
physical findings may include jaundice,
splenomegaly and/or hepatomegaly. Moreo-
ver, manifestations of severe disease should
prompt consideration of mixed infection
with P. falciparum. These include hemody-
namic instability, pulmonary edema, severe
anemia, massive intravascular hemolysis,
coagulopathy, hypoglycemia, metabolic aci-
dosis, renal failure, hepatic dysfunction, al-
tered mental status, focal neurological defi-
cits and seizures. Febrile seizures are not a
sign of severe malaria; a single seizure in the
setting of a high temperature requires aggre-
ssive fever treatment with anti-pyretic to
identify gnose a febrile seizure from seizures
associated with the central nervous system



complications of malaria (Ramharter et al,
2005).

Prevention efforts must include all human
malaria; P. falciparum, P. vivax, P. ovale, P.
malariae and P. knowlesi, which usually
cause febrile illness but less commonly re-
sult in severe disease and are rarely fatal,
although deaths have been reported in the
setting of P. vivax and P. knowlesi infections
(Cox-Singh et al, 2008). In general, most
chemoprophylaxis regimens prevent primary
malaria attacks, but may not prevent relapses
that can occur with P. vivax and P. ovale.
Most travelers who develop malaria do not
adhere to an effective chemoprophylactic
drug regimen, as many travelers fail to use
personal protection measures for mosquito
bite prevention (Svenson et al, 1995). Risk
of malaria transmission depends on a variety
of factors including the geographic region
visited and type of traveler (Freedman,
2008). Besides the geographic region visit-
ed, malaria transmission risk depends upon
the type of accommodation (e.g., open air,
tented, air conditioned or screened), the sea-
son (rainy versus dry), the elevation, and the
duration of exposure. The geographic risk
assessment for malaria requires detailed re-
view of the planned itinerary together with
the most recent CDC guidelines and adviso-
ries. Listings of regions where malaria trans-
mission occurs, the presence of the antima-
larial drug resistance, and recommended
chemoprophylaxis for specific destination
are available in the CDC publication "Health
Information for International Travel” (also
known as the Yellow Book), which may be
accessed online (CDC, 2008a).

Travelers: The important risk groups in-
clude travelers born in regions with endemic
malaria that relocate outside the endemic
area but subsequently return to visit friends
and relatives (known as VFRs), pregnant
women and military personnel.

VFR travelers are at greatest risk for ma-
laria infection; this group includes individu-
als born in regions with endemic malaria
who have emigrated outside these regions,
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as well as the subsequent family generation
of children born outside endemic areas.
VFRs pose unique challenges for malaria
prevention since their acquired immunity
afforded some degree of protection against
malaria while they resided in the endemic
area, although such immunity wanes outside
endemic regions (Askling et al, 2005). Also,
such individuals may have difficulty seeking
or accessing preventive services, may re-
ceive incorrect information regarding appro-
priate prophylaxis measures, and may not
appreciate the risk or severity of infection
once their immunity has waned (Angell and
Cetron, 2005).

Military personnel represent another im-
portant risk group; these individuals may
have inadequate protection from mosquito
bites given prolonged periods of nighttime
exposure to biting Anopheles mosquitoes
with accommodations that have inadequate
screens or bed-nets (Ciminera and Brund-
age, 2007).

Counseling: Travelers to malarious areas
should understand that their planned itiner-
ary puts them at risk for malaria, a serious
infection that can be fatal. Prevention mea-
sures include avoiding mosquito bites and
adhering to the antimalarial chemoprophy-
laxis. Travelers must also understand that no
chemoprophylaxis regimen guarantees com-
plete protection and that fever during or after
travel is a medical emergency requiring ur-
gent medical attention. Other symptoms may
include headache, myalgia, cough, nausea,
abdominal pain, vomiting, and diarrhea.

Travelers should be counseled that their
travel history is an important clue to bring to
the attention of the health care provider in
the first year following exposure. Because
most chemoprophylactic agents do not erad-
icate the dormant hypnozoites of P. vivax
and P. ovale can cause relapsing (with the
exception of primaquine), infection with
these species may present months following
exposure in spite of full adherence to chem-
oprophylaxis. Among imported malaria cas-
es in the United States in 2006, no cases of



P. falciparum occurred more than six
months following travel, although 18.1% of
P. vivax cases occurred after this interval.
However, in semi-immune individuals born
in endemic areas, P. falciparum may present
up to three years following travel (Schwartz
et al, 2003). Travelers planning prolonged
visits to endemic areas must continue pro-
phylaxis during their stay. Local laboratories
in developing regions may have high rates of
false-positive malaria diagnoses; travelers
who become ill should be advised to seek
expert advice concerning malaria diagnosis
and therapy (Keystone, 2004). In such cases
the chemoprophylactic regimen should be
continued together with treatment offered
locally, unless significant drug-drug interac-
tions (such as mefloquine with halofantrine).
If initial evaluation showed negative blood
films, thick and thin blood films should be
repeated twice (12 to 24 hours apart).

Pregnant women are an important risk
group, as malaria can be a life threatening
infection for both mother and fetus. Risk of
stillbirth, spontaneous abortion, and other
adverse pregnancy outcomes is increased in
the setting of malaria, and pregnant travelers
should be advised to defer travel until after
delivery whenever feasible.

Mosquito Bite Prevention: Travelers to
malarious areas should receive instructions
regarding methods to prevent bites from
Anopheles mosquitoes; such measures also
help reduce bites from sandflies, ticks and
other mosquito species. These included
avoiding outdoor exposure between dusk
and dawn (at time of Anopheles feed) Wear-
ing clothing that reduces the amount of ex-
posed skin Wearing insect repellant Sleeping
within bed nets treated with insecticide
(permethrin) Staying in well-screened or air-
conditioned rooms (Fradin and Day, 2002).
But, Apart from Anopheles vector, one must
take into consideration that malaria could be
transmitted by blood transfusion and needle-
stick injury (Saleh et al, 2017).

Insect repellents recommended by the
CDC for reducing the risk of malaria include
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DEET and picaridin. DEET (30 to 50%) is
generally protective for at least 4 hours, alt-
hough lower percentage preparations pro-
vide a shorter duration of protection. When
used appropriately, DEET is safe for infants
and children over the age of 2 months. Picar-
idin is a synthetic repellant. This agent (20%
concentration) and DEET (35% concentra-
tion) had comparable efficacy for protection
against malaria vectors up to eight hours af-
ter application (Frances et al. 2004). The
highest concentration of picaridin sold in the
US is 15%, and there is not sufficient data to
support adequate protection against Anophe-
les at this concentration.

In addition to insect repellants applied to
skin, fabric may be treated with permethrin
or other residual insecticides. Permethrin is a
synthetic compound that causes nervous sys-
tem toxicity to insects with low toxicity for
humans (Kimani et al, 2006). It is available
in outdoor supply stores as an aerosol cloth-
ing spray (Permanente Repellent).

Clothing and bed netting treated with per-
methrin effectively repel mosquitoes for
more than one week even with washing and
field use. Standard nets dipped in permethrin
proved effective for three washes whereas
newer formulations can withstand 20 washes
(Fradin, 1998).

Long lasting insecticide impregnated nets
can remain effective as long as three years.
Use of such nets is very effective for reduc-
ing the risk of malaria infection and travelers
to the endemic areas with accommodations
lacking screens or air conditioning (such as
VFRs or hikers) should sleep under insecti-
cide treated nets (Nevill et al, 1996).

Transmission other than by Anopheles spp.:
Nosocomial or needle-stick injury: Cannon
et al. (1972) reported transmission of P. fal-
ciparum via non-intact skin to Health care
worker. Borsch et al. (1982) reported malaria
transmission from patient to nurse via non-
intact skin by needle-stick injury and Freed-
man (1987) in South Africa reported two
nurses who acquired malaria by needle-
stick injury. Guerrero et al. (1983) and Nah-



len et al. (1991) and (Mungai et al, 2001) in
USA reported malaria transmission by blood
transfusion. Herwaldt and Juranek (1993) in
USA reported laboratory-acquired malaria,
leishmaniasis, trypanosomiasis, and toxopla-
smosis by needle-stick injury and P. cynom-
olgi transmission to laboratory researcher’s
normal skin by needle-stick injury. Piro et
al. (2001) in Libya described two cases of
malaria in a malaria-free zone in two patie-
nts, two weeks after a case of P. falciparum,
acquired in Burkina Faso, had been admitted
to the same ward. After reviewing the tech-
niques used by nursing staff, concluded that
transmission occurred via gloves contamina-
tion after manipulation of venous cannulas
and drip lines of patient with Burkina Faso-
acquired malaria that was not discarded be-
fore manipulating intravenous lines of the
other two patients. Nosocomial transmission
of unusual and potentially life-threatening
infections should be taken into consideration
in the settings where compliance with uni-
versal precautions is not rigorous (Saleh et
al, 2016). Alweis et al. (2004) in USA re-
ported a nurse who developed falciparum
malaria after the needle-stick injury from a
proved malignant malaria patient. Three
days prior to her diagnosis, she cared for an-
other patient, who subsequently developed
falciparum malaria. That patient's parasite
isolate genetically matched the nurse's iso-
late by two independent DNA fingerprinting
techniques. They believed that the nurse ac-
quired falciparum malaria via needle-stick
subsequently transmitted malaria to another
patient via a break in standard precautions.
Chemoprophylaxis: Individual itineraries
should be reviewed together with the update
guidelines and advisories to determine the
appropriate approach to chemoprophylaxis.
Listings of regions with risk for the malaria
transmission, the presence of the antimalari-
al drug resistance, and recommended chem-
oprophylaxis were reported (CDC, 2008a).
Drug Mechanisms: There are three major
categories of drugs for prevention of malar-
ia, which target liver active tissue schizonts.
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Atovaquone/ proguanil proved active against
liver stages of P. falciparum.

Hypnozoiticide-Hypnozoites are a quiesc-
ent stage in liver that exists only in the set-
ting of P. vivax and P. ovale infection. This
liver stage does not cause clinical symptoms,
but with reactivation and release into circu-
lation, late-onset or relapsed disease can oc-
cur up to many months after initial infection.

Primaquine is active against the quiescent
hypnozoites of P. vivax and P. ovale. This
class of drugs targets the asexual blood stag-
es of the parasite: chloroquine, mefloquine,
doxycycline, atovaquone/proguanil and pri-
maquine. As the first three agents act on
blood parasites following release from the
initial maturation phase in the liver, these
drugs must be continued for four weeks fol-
lowing exposure to eradicate parasites re-
leased from the liver. Primaquine has schi-
zonticidal activity against the tissue stages
of all species and blood stages of the non-
falciparum species, but lacks blood schizon-
ticidal activity against P. falciparum. Since
atovaquone/ proguanil and primaquine act as
both blood and tissue schizonticides, they
interfere with development of actively repli-
cating parasites in liver, so can be discontin-
ued one week after the end of exposure.

Drug Resistance: Antimalarial selection
should include the considerations of regions
with malarial drug resistance (Wellems and
Plowe, 2001). Individual itineraries should
be reviewed together with the most recent
guidelines and advisories.

Resistance of P. falciparum to chloroquine
IS widespread; regions with chloroquine-
resistant and chloroquine-sensitive malaria
are summarized below: Chloroquine-resist-
ant P. falciparum (CRPF) is widespread in
endemic areas of Africa, Asia & Oceania.
Chloroquine-sensitive P. falciparum exists
in the Caribbean, Central America, west and
north of the Panama Canal, Mexico, and
parts of North Africa, the Middle East, and
China. P. falciparum strains resistant to
chloroquine, mefloquine and sulfonamides
are rare, but prevalent in the regions of Thai-



land bordering Burma (Myanmar) and Cam-
bodia (e.g., eastern provinces of Myanmar
and western provinces of Cambodia, includ-
ing Siem Reap), and in parts of China, Laos,
and Vietnam. Chloroquine-resistant P. vivax
is widespread in the Indonesian Papua and
Papua New Guinea (Baird et al, 1996).
Regimens: Chemoprophylaxis agents vary
with respect to cost, adverse effects, and
dosing schedule. Reviewing these items dur-
ing the travel visit is important for facilitat-
ing adherence. In 2006, 94% of the US trav-
elers with malaria took no chemoprophylax-
is, took an ineffective drug, or took an app-
ropriate drug incorrectly (Chen et al, 2008).
Antimalarial therapy should be started pri-
or to travel, continued regularly during ex-
posure, and for a period of time following
departure from the endemic area. A prescrip-
tion for the full supply of medication should
be written and filled prior to departure; the
sale of counterfeit and poor quality antima-
larials is an increasing problem in Asia and
Africa. Travelers should understand the im-
portance of careful adherence to the chemo-
prophylaxis regimen, even though no chem-
oprophylaxis regimen guarantees complete
protection.
1-Atovaquone-proguanil: Atovaquone acts
synergistically with proguanil against chlo-
roquine-sensitive and chloroquine-resistant
P. falciparum, as well as the other malaria
species that cause human malaria. Its effica-
cy is equivalent to that of mefloquine. Ato-
vaquone-proguanil does not prevent hypno-
zoite formation by P. vivax or P. ovale; in
areas with high of infection rates due to the-
se species, presumptive anti-relapse therapy
with primaquine may be necessary to pre-
vent relapse for persons who had been to
those areas for extended periods of time
(Boggild et al, 2007). Atovaquone-proguanil
is administered daily beginning two days
prior to exposure, during exposure, and for
one week following exposure. Drug is well
tolerated, with excellent profiles of safety
and efficacy (van Riemsdijk et al, 2002).
Side effects include gastrointestinal upset,
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insomnia, headache, rash and mouth ulcers.

Atovaquone-proguanil is contraindicated
in patients with creatinine clearance <30 mL
per minute and it is not recommended for
use in pregnant women due to insufficient
safety data (McKeage and Scott, 2003).

2- Mefloquine: Mefloquine is effective for
prevention of malaria due to chloroquine-
sensitive and chloroquine-resistant P. falci-
parum, as well as the other malaria species
that cause human malaria. In a study of
140,000 travelers to East Africa, the prophy-
lactic efficacy of mefloquine was 91%. Mef-
loquine is not effective for prevention of ma-
laria due to mefloguine-resistant P. falcipa-
rum, which is found along the Thailand-
Cambodian border region, and parts of Chi-
na, Burma (Myanmar) and Vietnam. In addi-
tion, mefloquine does not prevent the devel-
opment of residual hepatic hypnozoite forms
of P. vivax or P. ovale malaria. For those
with extended exposure to areas with high
infection rates due to these species, presu-
mptive anti-relapse therapy with primaquine
may be necessary to prevent relapse. Meflo-
quine is administered weekly beginning at
least two weeks prior to exposure, during
exposure, and for four weeks following ex-
posure. Some travelers experience adverse
effects from mefloquine; most are mild, self-
limited, and do not require drug discontinua-
tion. Commonest adverse effects are gastro-
intestinal upset, lightheadedness, headache,
difficulty concentrating, mood swings, stra-
nge dreams, and about 5% of them experi-
ence disabling neuropsychiatric adverse ef-
fects requiring discontinuation of the drug.
These include anxiety, depression, night-
mares, paranoid ideation and dizziness.
Travelers about 1/10,000 experienced severe
neuropsychiatric reactions; as seizures and
psychosis. Adverse effects are the common-
est among women and less among children.
Most adverse ones requiring mefloquine dis-
continuation occur within first three doses.
So, some favor start mefloquine four weeks
prior to travel to determine drug tolerance.

Contraindications to mefloquine include



known hypersensitivity to the drug, a history
of seizures or major psychiatric disorder,
and a recent history of depression or anxiety.
Development of psychiatric symptoms (such
as depression, anxiety, restlessness or confu-
sion) while taking mefloquine should be
viewed as a possible prelude to other events;
in such circumstances it is advisable to stop
drug immediately and switch to a different
prophylaxis agent. Mefloquine was associat-
ed with sinus bradycardia and QT interval
prolongation, and must be used with caution
with cardiac conduction disorders patients.

For pregnant patients who cannot avoid
travel to areas with chloroquine-resistant P.
falciparum, limited data suggested that mef-
loquine might be safely administered during
the second and third trimesters, and can
probably also be administered during the
first trimester (Nosten et al, 1994).

3- Doxycycline: Doxycycline has activity
against chloroquine-sensitive and chloro-
quine-resistant P. falciparum, as well as the
other malaria species that cause human ma-
laria (Soto et al. 1998). Comparative trials
have demonstrated equivalent efficacy of
doxycycline with mefloquine (93-99%).
Doxycycline can provide some protection
against infection with some rickettsial infec-
tions (e.g., scrub typhus) and Leptospira
spp. However, doxycycline does not prevent
the development of residual hepatic hypno-
zoite forms of P. vivax or P. ovale malaria.
Thus, for those with extended exposure to
areas with high rates of infection due to the-
se species, presumptive anti-relapse therapy
with primaquine may be necessary to pre-
vent relapse. Doxycycline is administered
daily beginning one to two days prior to ex-
posure, daily during exposure, and daily for
four weeks following exposure. Noncompli-
ance with this daily regimen is an important
reason for doxycycline prophylaxis failure
(Wallace et al. 1996). Doxycycline is usual-
ly well tolerated, but was associated with
gastrointestinal upset; less commonly, ultra-
violet photosensitivity, Candida vaginitis,
and rare cases of esophageal ulceration may
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also occur. The drug should be taken with
fluids and food; and must not be given im-
mediately before lying down. Sunscreen
should be applied liberally for the duration
of prophylaxis. It is advisable to offer wom-
en antifungal (fluconazole) self-treatment of
C. vaginitis. Doxycycline is contraindicated
in pregnant women and children less than 8
years old (Morris and Davis, 2000).

4- Chloroquine: Chloroquine may be used
for prophylaxis for individuals traveling to
malarious areas without chloroquine re-
sistance. Chloroquine has activity against all
Plasmodial species causing human malaria
with the exception of chloroquine-resistant
P. falciparum strains and uncommon strains
of P. vivax in Oceania and Asia. Chloro-
quine did not prevent residual hepatic hyp-
nozoite forms of P. vivax or P. ovale. So, for
those with extended exposure to high rates
of infection areas due to these species, must
presumptive anti-relapse therapy with pri-
maquine to prevent relapse. Formulations
included chloroquine phosphate and hy-
droxychloroquine (CDC, 2008b). Chloro-
quine is administered once weekly starting
one week prior to exposure, once weekly
while in the malaria endemic area, and then
once weekly for four weeks following expo-
sure. Apart from its bitter taste, chloroguine
is usually well tolerated. Minor side effects
include gastrointestinal disturbances, dizzi-
ness, blurred vision, and headache; gastroin-
testinal problems may be alleviated by tak-
ing the drug with food. It has been associat-
ed with triggering flares of psoriasis and
pruritis, although serious side effects are ra-
re. Pruritus occurs in up to 25% of blacks
due to the drug concentration in skin; this is
not an allergic reaction. Retinal injury that
can occur when high doses of chloroquine
are used to treat rheumatoid arthritis, does
not occur with weekly prevention dosa-ges
used and safe for pregnancy (Salako, 1984).

5- Primaquine: Primaquine proved active
against many stages of malaria parasite in-
cluding hypnozoites, tissue schizonts, game-
tocytes, and asexual blood stages of P. vivax



(Baird et al. 2003) in preventing relapses
from hypnozoite forms of P. vivax and P.
ovale; it also has activity against P. falcipa-
rum, including chloroquine-resistant species.
The efficacy of primaquine against P. falci-
parum and P. vivax is 74 to 95% and 85 to
92%, respectively. Primaquine may be used
either as presumptive anti-relapse therapy
(PART) or as primary prophylaxis. Prima-
quine primary prophylaxis is appropriate for
travelers to regions where the principal en-
demic species is P. vivax (such as Mexico
and Central America). Primaquine is admin-
istered daily beginning one to two days prior
to exposure, once daily during exposure, and
daily for seven days following exposure.
Primaquine can cause hemolytic anemia in
those with glucose-6-phosphate dehydro-
genase (G6PD) deficiency. Thus, a G6PD
level must be determined prior to admin-
istration of this drug and patients should re-
ceive primaquine only if G6PD deficiency
was excluded. Primaquine may cause gastro-
intestinal upset minimized if taken with
food. Primaquine is contraindicated in preg-
nancy and breastfeeding (Hill et al, 2006).

Relapse Prevention: Late-onset or relapsed
disease due to reactivation of hypnozoites
can occur up to many months after initial
infection. Hypnozoites are a quiescent stage
in the liver that exists only in the setting of
P. vivax and P. ovale infection. According to
CDC (2006) surveillance data, 220 travelers
who took appropriate chemoprophylaxis
were diagnosed with malaria; among the 80
cases of P. vivax or P. ovale in this group,
51% developed symptoms >45 days after
arrival in the United States. Hepatic stages
cause no fever symptoms and one does not
need to have had a primary clinical episode
of malaria in order to have a relapse.

Use of primaquine for presumptive anti-
relapse therapy (PART; the term terminal
prophylaxis has also been used in the litera-
ture) is appropriate for travelers to regions
where there is substantial risk of P. vivax or
P. ovale transmission, even if P. falciparum
is the predominant endemic species. This is
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especially appropriate for travelers with pro-
longed stays where P. vivax or P. ovale are
present. In addition to administration of an
agent with activity against blood stage para-
sites prior to, during, and following expo-
sure (such as atovaquone-proguanil, meflo-
quine or doxycycline), primaquine is added
for activity against liver hypnozoites which
can cause disease after the completion of the
primary chemoprophylaxis regimen (Galap-
paththy et al. 2007). After departure from an
endemic area, primaquine should be admin-
istered for 14 days together with the remain-
der of the primary prophylaxis regimen. If
the primary prophylaxis regimen has already
been completed, a course of primaquine is
still beneficial for prevention of relapse.
Pregnant Travelers: Malaria can be a life
threatening infection for both mother and
fetus. Risk of stillbirth, spontaneous abor-
tion, and other adverse pregnancy outcomes
is increased in the setting of malaria, and
pregnant travelers should be advised to defer
travel until after delivery whenever feasible
(Lindsay et al, 2000). For pregnant women
who cannot defer travel to regions where
chloroquine-sensitive malaria is present,
mosquito avoidance is a must in conjunction
with chemoprophylaxis with chloroquine
and Mefloquine is also acceptable (Smoak et
al. 1997). For those who cannot defer travel
to regions where chloroguine-resistant ma-
laria is present, mosquito avoidance measu-
res should be used with chemoprophylaxis
using mefloguine (Okeyeh et al, 1996).
Limited data suggested that mefloquine
may be safely administered during the se-
cond and third trimesters, and can probably
also be administered during the first tri-
mester. Safety data on atovagquone-proguanil
in pregnancy are limited, so must be avoid-
ed. The doxycycline should not be adminis-
tered during pregnancy because of potential
adverse effects to the fetus including dyspla-
sia and inhibition of bone growth and dental
discoloration. Primaquine should not be ad-
ministered during pregnancy given the po-
tential possibility for fetal G6PD deficiency



(Vanhauwere et al, 1998).

Drug interactions: The traveler's medica-
tion history should be reviewed in detail
with consideration for potential drug-drug
interactions. Some relatively common drugs
with important interactions include: Warfa-
rin: Atovaquone/ proguanil may diminish
the metabolism of warfarin. Coagulation pa-
rameters should be monitored closely if the-
se drugs are used together, and warfarin dos-
ing may need to be reduced. Antiarrhythmic
agents: these drugs should be used with cau-
tion in the setting of mefloquine administra-
tion, which has been associated with been
associated with sinus bradycardia and QT
interval prolongation. Protease inhibitors
and non-nucleoside reverse transcriptase in-
hibitors: these agents may diminish metabo-
lism of antimalarials and lead to potential
interaction that may require the close moni-
toring, alteration of drug dosage or timing of
administration (Khoo et al. 2005).

In light of limited data, doxycycline seems
to have the least potential for drug-drug in-
teractions with HIV drugs. Immunosuppres-
sive medications: chloroquine may increase
cyclosporine levels and both doxycycline
and mefloquine may increase levels of cy-
closporine and tacrolimus. Atovaquone-
proguanil does not have known interactions
with these medications (Kotton et al, 2005).

Suggested approach: Selection of chemo-
prophylaxis must be tailored to individual
itineraries and circumstances. For patients
traveling to several destinations with differ-
ent types of malaria risk, it may be simplest
to select a single agent that will be effective
for the entire duration of exposure.

For travelers to destinations where malaria
cases occur only sporadically and risk to
travelers is very low, mosquito avoidance
measures should be used; no chemoprophy-
laxis is needed. For travelers to destinations
where chloroquine-resistant P. falciparum is
present, mosquito avoidance measures must
be used together with chemoprophylaxis.

The options include atovagquone/proguanil,
mefloquine and doxycycline; all three agents
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proved highly efficacious for prevention of
malaria. Comparative studies among travel-
ers taking the mefloquine or atovaquone/
proguanil have demonstrated fewer side ef-
fects experienced among recipients of ato-
vaquone/ pro-guanil, although this agent
proved more costly (Camus et al, 2004). The
short term travelers may prefer the shorter
course of the atovaquone /proguanil, while
long term tra-velers may prefer the conven-
ience of weekly mefloquine. The doxycy-
cline requires a prolonged course, must be
taken daily, and causes sun sensitization,
although it is the least expensive of these
agents.

For travelers to destinations where chloro-
quine-sensitive P. falciparum malaria is pre-
sent, mosquito avoidance is a must in con-
junction with chemoprophylaxis.

Chloroquine may be used, although short
term travelers may prefer shorter atovaquone
/proguanil course. Mefloquine and doxycy-
cline are also effective agents. For travelers
to Mexico and Central America where P.
vivax are dominant, mosquito avoidance is a
must together with chemoprophylaxis. Pri-
maquine may be used in absence of G6PD
deficiency; chloroquine is also effective.
Short term travelers prefer shorter atovaquo-
ne/proguanil course. Mefloquine and doxy-
cycline are also effective agents.

For travelers to P. falciparum strains re-
sistant to chloroquine, mefloquine, and sul-
fonamides are present as in malaria-endemic
regions of Thailand bordering Burma (My-
anmar) and Cambodia and western provinc-
es of Cambodia, China, Laos, and Vietnam,
mosquito avoidance is a must in conjunction
with chemoprophylaxis. Options include
atovaquone/ proguanil or doxycycline. The
severity of hematologic disease is related to
the ability of the malarial parasite to invade
and grow in different red cell populations as
well as the intrinsic growth rate of the para-
site. 1- P. vivax and P. ovale have a strong
preference to infect only young red cells (re-
ticulocytes), thereby limiting parasitemia
levels to approximately 1 to 2%. Anemia



due to hemolysis does occur and may be se-
vere, but there is no peripheral sequestration
of parasitized red cells. 2- P. malariae in-
vades red cells of all ages, but parasite mul-
tiplication during each cycle is relatively
low. Infection results in limited parasitemia
(<1 to 2%) and mild symptoms. 3- P. falci-
parum can invade red cells of all ages, in-
cluding cells as early as orthochromatic
erythroblasts (Tamez et al, 2009) multiplies
10-fold within each 24 hour cycle, and ex-
presses clonally variant antigens on the sur-
face of infected red cells, which are recep-
tors for ligands on the surface of endothelial
cells, red cells, and platelets. These variant
antigens enable late blood-stage infected red
cells to sequester in post-capillary venules.
Parasitemia is often high, occasionally ex-
ceeding 50%, and the potential for severe
anemia, systemic disease, and death is con-
siderable. 4- P. knowlesi was originally de-
scribed as a malarial infection of macaque
monkeys. Morphologically it resembles P.
malariae and it appears that it causes signifi-
cant and sometimes severe human infection,
previously misdiagnosed as P. malariae, in
Borneo, Malaysia, and in other areas of
Southeast Asia and in travelers returning
back (Cox-Singh et al, 2008).

Prevalence of anemia: Severe malarial
anemia (SMA) is seen most frequently in
areas of very high malarial transmission and
most commonly in young children and preg-
nant women (Greenwood, 1997). The preva-
lence of anemia, defined as a hematocrit
<33%, in malarial endemic areas of Africa
varies between 31 and 91% in children, and
between 60 and 80% in pregnant women
(Schellenberg et al, 2003). In a typical study
of children living a malarial endemic area in
southern Cameroon, among those who were
monitored for both asymptomatic and symp-
tomatic malaria, the prevalence of anemia
(hemoglobin <11 g/dL) was the highest in a
six-month-old age group (47%), 42% in ch-
ildren <3 years of age and 21% in those 3 -5
years of age (Cornet et al, 1998). The pla-
cental malarial infection was the primary
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risk factor for the severe anemia in the six-
month old infants.

In epidemiologic studies it was difficult to
determine the number of cases of severe
anemia attributable to malaria as the WHO
definition of SMA is quite strict: a- Hemo-
globin concentration <5 g/dL or hematocrit
<15%, b- Parasitemia with >10,000 para-
sites/microL of blood, and c- Normocytic
blood film (thus excluding thalassemia as
well as iron, B12, and folate deficiencies). In
patients, it may be difficult to attribute ane-
mia to a single cause, although randomized
placebo-controlled trials of malaria chemo-
prophylaxis and iron supplementation in in-
fants have shown that malaria infection was
the main etiologic factor for anemia. Also,
intermittent anti-malarial treatment in preg-
nant women can substantially reduce the
prevalence of severe maternal anemia (Sch-
ellenberg et al, 2001). The precise etiology
of anemia is often complex in endemic areas
since nutritional deficiencies, genetic traits,
and intercurrent infection may all contribute
to the anemia (Lamikanra et al, 2007). The
etiology of SMA in endemic areas is likely
to be multifactorial and variable in both time
and place. This was illustrated in a case con-
trol study of severe anemia in hospitalized
children in Malawi, severe anemia was asso-
ciated with the following conditions (Calis
et al, 2008): a-Malarial infection (odds ratio
(OR) 2.3; 95% CI 1.6-3.3), b- HIV infection
(OR 2.0; 95% CI 1.0-3.8), c- Hookworm
(OR, 4.8; 95% CI 2.0-12), d- Bacteremia
(OR 5.3; 95% CI 2.6-11), e- G6PD deficien-
cy (OR 2.4; 95% CI 1.3-4.4), and f- Defi-
ciencies of vitamin A (OR 2.8; 95% CI 1.3-
5.8) and vitamin B12 (OR 2.2; 95% CI 1.4-
3.6). One must keep in mind the double and
triple infection in Africa mainly Sub-Sahara.

Features of malarial anemia: The spectrum
of the clinical presentation and severity of P.
falciparum infection is broad. In endemic
areas many malarial infections present in
semi-immune and immune children and
adults as an uncomplicated febrile illness.
Fever develops with the release of merozo-



ites from ruptured, infected red cells. Ane-
mia, thrombocytopenia, splenomegaly (oc-
casionally massive), hepatomegaly, and jau-
ndice can develop, and splenic rupture can
occasionally occur (Bedu-Addo and Bates,
2002). However, SMA clinical setting var-
ied and complex. Not only may acute infec-
tion present with anemia and/or cerebral ma-
laria, respiratory distress and hypoglycemia,
but chronic, repeated malarial infection may
also lead to severe anemia. In either case,
there may be a background of a low hemo-
globin level due to the presence of other fac-
tors, as noted above, and malaria itself can
predispose to bacteremia (Scott et al, 2011).

Severe malarial anemia: New malarial in-
fections are often associated with a sudden
drop in hemoglobin concentration associated
with increased hemolysis and bone marrow
suppression. Non-immune patients may ex-
hibit a number of clinical syndromes includ-
ing anemia, coma, respiratory distress, and
hypoglycemia, and may have a high fre-
quency of concurrent bacteremia (Berkley et
al, 1999). Children may present with mild,
moderate or even severe anemia with or
without other syndromes of severe disease
as malaise, fatigue, dyspnea, or respiratory
distress as metabolic acidosis supervenes
(English, 2000). The presentation of disease
changes from severe anemia in children
aged between one and three years in areas of
high transmission to cerebral malaria in old-
er children in areas of lower transmission.
As transmission intensity declines, severe
malaria is most frequently found in older age
groups. There has been evidence of an in-
creased incidence of anemia after malarial
challenge in vaccine studies in non-human
primates and also in field trials of blood
stage vaccines (Ellis et al, 2011) The signif-
icance of these data remains uncertain, but
there appears to be an increase in clearance
of uninfected red blood cells during blood-
stage infection in the vaccinated individuals.

Chronic anemia: Anemia is also present in
those with chronic malarial infection. Many
children might present with severe anemia
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and a blood smear negative for malaria para-
sites, but would respond to the antimalarial
treatment (Roberts et al, 2005).

Hematologic features: The anemia of P.
falciparum is typically normocytic and nor-
mochromic, with a notable absence of re-
ticulocytes. Microcytosis and hypochromia
may be present due to the very high fre-
quency of thalassemia trait and/or iron defi-
ciency in many, but not all, of the endemic
areas (Prentice et al, 2012).

Black-water fever: A less common form of
anemia in malaria is "Blackwater Fever"
(BWF) characterized by intravascular he-
molysis, the sudden appearance of hemoglo-
bin in the urine, and renal failure, classically
associated with irregular use of quinine. Dis-
seminated intravascular coagulation and red
cell fragmentation may accompany the pres-
entation (Nagvi et al, 1996). An important
clinical point is that BWF is sometimes dif-
ficult to relate to malarial infection, because
parasitemia can be missed due to synchro-
nous lysis of all infected red cells. Series of
cases of BWF in Africa and South-East Asia
have shown that sudden hemolysis is associ-
ated with malarial infection, glucose-6-phos-
phate dehydrogenase deficiency, and the use
of quinine. BWF virtually disappeared after
1950, when chloroquine superseded quinine.
However, in European expatriates living in
Africa, BWF has been associated with use of
the antimalarial agents’ halofantrine, quini-
ne, and mefloquine (Bruneel et al, 2001).
The case series do not attempt to define the
pathophysiological process(es) that underlie
this syndrome. The oxidative stress might
play an important role in some cases. Other
mechanism(s) as drug-dependent antibodies
were not well studied.

Anemia in P. vivax: Although most work
describes the association of P falciparum
malaria with anemia, infection with P vivax
can, on occasion, cause severe disease, in-
cluding anemia and severe hemolysis. P.
vivax malaria has been clearly associated
with anemia during pregnancy, along with
low birth weight of children of infected mo-
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thers (Rodriguez-Morales et al, 2006). Some
studies in rural India suggest that severe dis-
ease Is associated with P. vivax infection
more frequently than with P. falciparum in-
fection. Anemia is associated with increased
red cell clearance, reticulocytopenia, and dy-
serythropoiesis (Panicha- kul et al, 2012).
Pathogenesis: Underlying causes of severe
malarial anemia in humans may include
one or more of the following mechanisms
(Boele van Hensbroek et al, 2010): a- Extra-
vascular clearance and/or intravascular de-
struction of infected RBCs, b- Clearance of
uninfected RBC, c- Activation of monocy-te
/macro-phage system, and d- Suppression of
erythropoiesis along with dyserythropoiesis.
Host genetic factors: There is enormous
variability among individuals in their re-
sponse to malaria that may reflect host ge-
netic factors. As an example, among West
African ethnic groups, similar infection
rates, morbidity, and antibody responses are
found among the Mossi and Rimaibe in the
Northeast of Ouagadougou in Burkina Faso
(Modiano et al, 1996). In contrast, the Fula-
ni, who live together and are exposed to the
same hyperendemic transmission of P. falci-
parum, have less parasitemia, less morbidi-
ty, and a higher antibody response. The bet-
ter outcome in the Fulani could not be ex-
plained by differences in the use of malaria
protective measures, sociocultural or envi-
ronmental factors, or genetic factors known
to be associated with resistance to malaria.
Many genetic traits have been associated
with protection from malaria. However,
none of these associations has been consist-
ently reported as specific for protection with
one syndrome of malaria as opposed to oth-
ers. For example, in a case-control study of
malaria in West African children, a class Il
HLA haplotype (DRB1*1302-DQB1*0501),
common in West Africa but much less fre-
quent in other populations, was associated
with protection from SMA due to P. falcipa-
rum, but not confirmed in other regions and
the mechanism of protection has not been
determined (Hill et al, 1992).
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Malaria and Pregnancy outcome: Adverse
maternal and perinatal outcomes associated
with malaria during pregnancy include: 1-
Miscarriage, 2- Fetal growth restriction/ sm-
all for gestational age (SGA) infant, 3- Pre-
term birth (<37 weeks of gestation), 4- Low
birth weight (LBW) (<2500g at birth), 5-
Perinatal death, 6- Congenital infection, 7-
Maternal anemia, and 8-Maternal death

Miscarriage: An analysis of pregnancy
outcome in over 17,000 pregnant women
attending antenatal clinics at the Thai-
Burmese border included 945 women with
first trimester malaria, of whom 773 were
treated with chloroquine, quinine, or arte-
sunate .After adjustment for maternal age,
previous miscarriages, smoking, and non-
malaria febrile illness, the odds of miscar-
riage in women with P. falciparum or vivax
malaria were about three-fold higher than in
women without malaria. The frequency of
miscarriage in women without malaria,
those with treated malaria, and all women
with malaria (treated and untreated) was 19,
27, and 35%, respectively. Miscarriage risk
increased for symptomatic and asymptomat-
ic malaria, but highest with symptomatic
ones. Risk was similar for P falciparum and
P vivax infection (McGready et al, 2012).

Preterm birth: The increased prevalence of
preterm deliveries among women who be-
come infected with P. falciparum during
pregnancy may be mediated by alterations in
cytokine production. In particular, infected
women have an increased concentration of
tumor necrosis factor-alpha (TNF-alpha) in
the intervillous circulation, and the concen-
tration of TNF-alpha correlates with the
density of P. falciparum-infected erythro-
cytes (Suguitan et al, 2003). Production of
TNF-alpha plays a role in the pathogenesis
of preterm birth and LBW. Individuals who
carry the TNF 2 polymorphism in the pro-
moter region of the TNF-alpha gene have
heightened TNF-alpha production in re-
sponse to infection, which increases their
risk of preterm delivery, severe infection,
and cerebral malaria (Aidoo et al, 2001).
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Low birth weight: In pregnancies compli-
cated by malaria, both fetal growth re-
striction and preterm birth contribute to the
LBW. Distinguishing between the two is
challenging in resource-poor settings where
ultrasound dating of pregnancy is usually
not available and maternal recall of the last
menstrual period is poor. In some settings,
malaria has been estimated to be responsible
for up to 70 percent of fetal growth re-
striction and up to 25% of LBW. Similar
birth weight reductions and attributed frac-
tions of malaria-associated LBW have been
reported from areas of stable and unstable
malaria transmission (Desai et al, 2007).

Impaired fetal growth is correlated most
strongly with evidence of parasites in the
placenta and the corresponding inflammato-
ry infiltrate. It has been hypothesized that
malarial infection of the placenta leads to
placental thickening and fibrin deposition,
thereby decreasing placental transport of ox-
ygen and nutrients. Doppler studies have
demonstrated impaired uteroplacental blood
flow (Dorman et al, 2002). The mean birth
weight of infants born to mothers with no
evidence of malarial placental infection is
higher than for those newborns from infect-
ed placentas (2763 vs. 2143 g). A significant
decrease (150 g) in the average birth weight
of infants of primigravidas with placental
malaria has been reported, but this decrease
was not significant (52g) in offspring of the
multigravidas (Salanti et al, 2004). This is
related to the observation that primigravidas
are more likely to have placental malaria and
heavier parasite loads and are less likely to
have partial immunity. Support for this theo-
ry was illustrated in a study that showed af-
fected multigravidas had higher plasma lev-
els of anti-VAR2CSA 1IgG, gave birth to
markedly heavier babies, and had a signifi-
cantly lower risk of delivering LBW chil-
dren than affected primigravid women in
whom anti-VAR2CSA 1gG levels were low
and placental sequestration was increased.
The level of adhesion of placental parasites
to chondroitin sulfate receptors also appears
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to be an important risk factor for LBW
(Tuikue Ndam et al, 2004). The assumption
of causality is confounded by the frequent
concomitant presence of anemia in primi-
gravidas with placental malaria (Brabin et
al, 1990), which is independently associated
with low birth weight. Indeed, when control-
ling for this confounding variable, the rela-
tionship between malaria and LBW becomes
insignificant. However, since malaria is of-
ten the cause of the anemia, an association
remains clinically compelling. A cohort
study from Malawi including 2462 pregnant
women found that an increasing number of
P. falciparum infections during pregnancy
increased the risks of both LBW and mater-
nal anemia (Kalilani et al, 2010). Also, se-
cond trimester infection increased the risk of
LBW more than third trimester infection.

Perinatal mortality: A systematic review of
117 studies published between 1948 and
2002 found that perinatal mortality (PNM)
and fetal mortality were higher in malaria
endemic countries than in nonendemic ones
(PNM 61.1/1000 vs. 25.8/1000 & fetal mor-
tality 40.1/1000 vs. 20.0/1000). In a subset
of nine of these studies that correlated fetal
demise with placental malaria, presence of
the latter significantly increased the risk for
stillbirth, regardless of the number of prior
pregnancies; OR 2.19, 95% CI 1.49-3.22
(van Geertruyden et al, 2004).

Congenital infection: All types of malaria
can be transmitted congenitally, but con-
genital disease is most often associated with
P. vivax and P. falciparum. Placental infec-
tion is a prerequisite for, but does not pre-
dict, congenital disease. Placental infection
is more common than cord blood parasitem-
ia, which is more common than parasites on
the infant's peripheral smear. In Central Af-
rican study of women who did not receive
antimalarial agents during pregnancy, rates
of placental infection, cord blood parasitem-
la & infant's smear parasitemia were 74, 6,
& 3.6%, respectively (WHO, 2012). In the
immune mothers, the risk of transplacental
transmission of malaria appears to be small,



0.1 to 1.5% of infants had cord blood posi-
tive for parasites & clinical disease (Subra-
manian et al, 1992). The rate is somewhat
higher in women with overt attacks during
pregnancy (1 to 4% risk of congenital infec-
tion). The low incidence of fetal infection
despite the known high incidence of placen-
tal infection is presumably secondary to pas-
sive immunization by transplacental acquisi-
tion of maternal antibody. Transplacental
passage of malarial antigens capable of
priming neonatal immune system has also
been demonstrated (Metenou et al, 2007). In
contrast, in semi-immune or nonimmune
mothers, transplacental antibody transfer
may be deficient, and congenital infection
incidence was higher; 7 to 10%. Also, ma-
ternal antibody levels were lower and con-
genital infection risk was higher in women
who move from endemic areas to malaria-
free locales and no longer frequently ex-
posed to infection (Soulard et al, 2011).

In endemic areas, it can be difficult to dis-
tinguish malaria acquired congenitally from
that acquired as a newborn, particularly in
infants of asymptomatic mothers. The onset
of symptoms is usually at 2 to 8 weeks of
age and includes poor feeding, fever, vomit-
ing, diarrhea, and irritability. Anemia, thro-
mbocytopenia, and hyperbilirubinemia are
common. Splenomegaly is more common
than hepatomegaly. There were five cases of
congenital malaria reported in the United
States since 2000. In one case report, the
infected seven-month old infant presented
with fever and anemia. Peripheral smears
revealed malarial parasites with morphology
consistent with P. vivax. Investigation by the
public health department found that the
mother had emigrated from Guatemala two
years earlier and had a history of malaria
with relapse while residing in her native
country. The prenatal evaluation did not in-
clude any questions regarding a prior history
of malaria, which may have contributed to
the delay in diagnosis (CDC, 2005).

Maternal mortality: The WHO estimated
that 10,000 maternal deaths each year are
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associated with malaria infection during
pregnancy. Malaria is a leading cause of ma-
ternal mortality in regions of unstable ende-
mism where there are periodic epidemics
among nonimmune patients (Looareesuwan
et al, 1985). In this series, 15.5% of the
deaths were directly attributable to malaria,
and 19.7% of the women who died were
parasitemic with P. falciparum. Over one-
third of the malaria-related deaths occurred
in primigravid adolescents, primarily associ-
ated with severe anemia. Autopsies on 161
women with asymptomatic P. falciparum
showed that 44 (27.3%) had histological ev-
idence of splenic malarial infection (Khan et
al, 2014). A study performed at the main
referral hospital in Gambia estimated that,
during the malaria season, there was a 168%
increase in the maternal mortality rate and a
three-fold increase in the proportion of
deaths due to anemia. It was estimated that
malaria accounted for up to 93 maternal
deaths per 100,000 live births (Anya, 2004).
Younger maternal age has been associated
with higher rates of anemia and poorer ma-
ternal and fetal outcome (Bouyou-Akotet et
al, 2003). Adolescents have a significantly
higher rate of anemia and SGA neonates
than adults (anemia: 83 and 53%, respective-
ly; SGA: 50 versus 27%, respectively). Ado-
lescents in rural areas at earlier gestations
are at higher risk of malarial infection and
this infection is strongly associated with
anemia (particularly in dry season). It sug-
gests that control measures against malaria
infection be targeted at younger rural early
in pregnancy (Dicko et al, 2003).

Postpartum infection: The increased risk
for both acquiring an infection and develop-
ing more severe disease persists for at least
60 to 70 days postpartum. Puerperal infec-
tion can also be caused by a new infection,
rather than by parasites trapped in placenta
and released into the maternal blood at de-
livery (Ramharter et al, 2005). The reason
for high susceptibility to infection postpar-
tum may be related to postpartum changes in
the maternal immune system, the maternal-



behavioral changes, or other undefined fac-
tors.

HIV/AIDS-Coinfection: The global bur-
dens of malaria and human immunodefi-
ciency virus (HIV) are high, together caus-
ing over 2.5 million deaths in 2009 (UN,
2012). Morrow et al. (1989) THE epidemic
of human immunodeficiency virus type 1
(HIV-1) infection in areas of the tropics
where Plasmodium falciparum is endemic
has generated serious concern about poten-
tial interactions between the two infections.
Ho and Webster (1989) reported that P. fal-
ciparum could occur more frequently or
more severe in HIV-infected persons with
profound CD4 lymphocyte depletion. From
the standpoint of malarial disease, a sero-
positive HIV status increases the morbidity
and mortality associated with the malaria
infection. Mothers with HIV may be at
higher risk for malaria acquisition, placental
malaria, higher parasite densities, and more
severe clinical disease. After delivery, wom-
en with HIV and malaria are at increased
risk for anemia compared to HIV seronega-
tive women with or without malaria. Dual
infection with malaria and HIV also leads to
an increased risk of adverse perinatal out-
comes (Kublin et al, 2005). In many sub-
Saharan African countries, including Tanza-
nia, populations are at risk of HIVV and ma-
laria concurrently. However, action to tackle
the two diseases is often carried out in paral-
lel (WHO, 2010). The need for coordinated
and integrated approaches is recognized as
essential, and a focus has been placed on
health systems as a whole in supporting pro-
grammes for different diseases (Janson,
2007). The negative clinical consequences
of HIV-malaria co-infection are already well
established, including a higher risk of malar-
ia and developing more severe clinical
symptoms amongst HIV-positive people, as
reviewed by C Flateau et al. (2010). Invest-
ment in supply of effective anti-malarials
and anti-retrovirals (ARVs) was significant,
and there is also an increasing knowledge
about the potential therapeutic implications
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of the treating co-infected individuals (Vito-
ria et al, 2009).

Nadjm et al. (2012) in Tanzania stated
that severe malaria was diagnosis in 148/198
(74.7%) cases. P. falciparum was identified
in 38/188 (20.2%) admissions and 26/198
(13.1%) were bacteraemic, with the 13/25
(52%) prescribed empirical antibiotics. HIV
was equally common among those with
(16/37; 43.2%) and without P. falciparum
(50/138; 36.2%) (p=0.44). In 6/22 (27.3%)
deaths the cause was Streptococcus pneu-
moniae, Escherichia coli and non-Typhi,
Salmonella predominated. Malaria was over-
diagnosed in adults with severe febrile ill-
ness and was not associated with mortality
without co-infection HIV.Mangesho et al.
(2014) in Tanzania suggested that drug-drug
interactions between certain anti-malarials
and anti-retrovials exist affected achieved
drug concentrations and may influence the
efficacy and/or the safety profiles of those
treatments, depending on the medicine com-
bination. They reported that HIV treatment
and malaria concurrently often requires indi-
viduals to cross domains of different dis-
ease programs. In the context of a trial con-
cerned with HIV and malaria, patients expe-
rienced the support of clinicians in guiding
and reassuring them about when and how to
take drugs concomitantly. This presented an
‘integrated care’ scenario that support pa-
tient confidence in concomitant medicine
taking following biomedical protocols.

Conclusion

Malarial anemia is capable of causing se-
vere morbidity and mortality, especially in
children and pregnant women. Five species
of the malarial parasite infect man. The se-
verity of hematologic disease is related to
the ability of the parasites to invade and
grow in different red cell populations as well
as the intrinsic growth rate of the parasite.
Compared to the non-pregnant women/preg-
nant/postpartum women are at increased risk
of both acquiring malaria and developing
more severe disease. One of the unique fea-
tures of malaria in pregnancy is the ability of
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P. falciparum-parasitized erythrocytes to
sequester within the intervillous space of the
placenta. Placental infection and poor preg-
nancy outcome decrease in frequency with
successive pregnancies for women who re-
side in endemic areas: nonimmune pregnant
women, especially nulliparas, are at higher
risk of adverse maternal-perinatal outcome
than multiparous women. Pregnancy-asso-
ciated malaria is characterized by sequestra-
tion and multiplication of a distinct popula-
tion of malarial parasites in the placenta.
These parasites express a specific class of
variant surface antigens (VSASs) that mediate
adhesion of parasite-infected erythrocytes to
chondroitin sulfate A (CSA) on the syncy-
tiotrophoblast lining the intervillous space.
Once these parasites adhere to the surface of
the trophoblastic villi, they induce accumu-
lation of inflammatory leukocytes.

The clinical presentation varies according
to the underlying endemicity of the region.
Parasitemia peaks in the second trimester in
both primigravidas and multigravidas, and
the increased risk for pregnancy-associated
malaria persists for two months postpartum.
Anemia and hypoglycemia are common ma-
ternal clinical manifestations.

The diagnosis of malaria should be con-
sidered in any febrile pregnant woman who
has traveled to or resided in a malarious re-
gion, even if briefly or only in transit. Pe-
ripheral blood smears are typically used for
diagnosis, but may be negative in women
with placental malaria who are otherwise
asymptomatic. Adverse perinatal outcomes
associated with malaria include miscarriage,
fetal growth restriction/small for the gesta-
tional age infant, preterm birth, low birth
weight, perinatal death, and the congenital
infected ones.

The imported malaria needs continuous
monitoring as many clinicians may not be
aware of the zoonotic P. knowlesi in Malay-
sia extended to the European Union and the
America. The travellers back from endemic
areas must be laboratory examined. The
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nosocomial, blood transfusion or even nee-
dle-stick transmission is documented.
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