Assessment of Malarial Infection Using Cell Population Data
and Peripheral Blood Analysis. Background and Case Study

Elena Sukhacheva, PhD, Ahmed Bentahar, MD, PhD, and Mary Anne Lofstrom, PhD

Abstract

The malaria parasite causes almost a quarter billion infections and more than a half million deaths
yearly. And malaria’s impact is most prevalent in children. Diagnosing malaria relies on clinical signs
and symptoms, microscopic examination, and advanced diagnostics.

The case report describes a case of Plasmodium malaria in a 42-year-old male who returned home

to Spain following a 10-day trip to Southern Africa.

While many infectious agents are food or water borne,
more than 17% of all infectious diseases are transmitted
by vectors,’ living organisms that transmit infectious
agents among animals. While mechanical vectors simply
carry the pathogen, biological vectors play a role in the
life cycle of the pathogen. Fleas, flies, ticks, and even
snhails can serve as vectors. Among them, the mosquito
is responsible for transmitting disease to nearly 700
million people, which results in more than 725,000
deaths each year." In addition to its role as a mechanical
vector for viruses such as West Nile, Dengue, and Zika,
the mosquito also serves as a biological vector in the
transmission of parasites.

Globally, billions of people are infected with parasites
each year.2 At the most basic level, parasitic diseases
include any iliness caused by an independently-
reproducing infectious agent living on or in another
organism and using the resources of the host organism
without providing any benefit. Three main groups of
parasites cause infections in humans: Ectoparasites,
insects that can burrow under the skin and take up
residence; helminths, parasitic worms that usually infect
the intestinal tract but can also invade skin, brain, eyes,
and other tissues; and protozoans, single-celled
parasites that can infect the blood and often other
parts of the body as well.

Protozoan parasites include diseases like lymphatic
filariasis, sleeping sickness (African trypanosomiasis),
Chagas disease (American trypanosomiasis), and
malaria, a disease causing more than a half million
deaths yearly.®

Malaria is a potentially life-threatening parasitic infection
posing a significant global health threat. According to
the World Health Organization, almost half of the global
population is at risk of getting malaria,* and 247 million
cases with over 600,000 deaths in 84 malaria-endemic
countries were reported.® Once endemic as far north as
the Scandinavias,®” malaria is now geographically limited
to warmer, more tropical climates (Figure 1). Malaria,
literally translated from Italian as bad (mal) air (aria), is
currently endemic to 97 countries.® African regions carry
a disproportionately high burden of malaria infection,
with almost 95% of the cases and 96% of the deaths.®®
Tragically, 80% of the deaths from malaria in this region
are children under the age of 5.°

Stopping the spread

Controlling malaria outbreaks relies on controlling the
vector, using physical barricades, medications, and
potentially, vaccines. The WHO is committed to
environmental control of mosquitos with targeted use

of insecticides and larvicides coupled with innovation,
research and development, and quality care for malaria
patients.® Destroying available breeding sites may reduce
breeding, which in turn will reduce the vector population.
Adding insecticides such as, Bacillus thuringiensis var.
israelensis toxin, growth regulators such as methoprene,
or biological control agents such as certain fungi can be
used to control larval growth.'® Other control processes
rely on changing human behaviors to eliminate the
mosquito’s habitat. Anopheles species can replicate in
transient, shallow pools of water, such as those left when
rainwater fills tire tracks or the burrowing pits left following
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brickmaking.'® Eliminating these water sources may
help to control mosquito levels.

Malaria Endemic Countries 2024

@ Endemic
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Figure 1. Malaria endemic countries, 2024

While controlling the vector is vital for decreasing
malaria transmission, it is impossible to remove all
mosquitoes, especially as resistance rises to the drugs
designed to kill them.>'" Resistance to insecticides has
been reported in Anopheles spp. since the 1950s,'"-13
and resistance to pyrethroids is now widespread.'" In the
early 2000s, mosquito-control efforts led to a significant
reduction in malaria cases, but numbers are rising again
due to the spread of insecticide resistance in endemic
areas.>'" Physical barriers, such as long-lasting
insecticide treated mosquito netting around beds,
screening on doors and windows, and blocking of

holes in eaves and elsewhere in housing,>'* are vital

to keeping the mosquitoes away from their meal.

Vaccines are critical to slowing the spread of the
parasite. There are several vaccines currently in
development. Of these, 22 are in Phase |, 14 in Phase I,
and one each in Phases Ill and IV clinical trials; 45%
target the pre-erythrocytic stage—before reaching the
red blood cells, 40% target the blood stage, and 24%
target the sexual stage.' All are being developed against
P. falciparum (87%) or P. vivax (14%)."® RTS,S/AS01, the
vaccine currently in Phase IV trials, was recently used in
over 1 million children in Ghana, Kenya, and Malawi to
protect them from P. falciparum malaria, supervised by
Gavi, the Vaccine Alliance, and the World Health
Organization.® It is also the only vaccine currently
prequalified and recommended by the WHO.®

Climate Change and the Rise of Malaria

Weather patterns that lead to global fluctuations in
temperature, such as the El Nifio-Southern Oscillation
(ENSO) phenomenon, have been shown to improve the

environment for vectors,'® subsequently driving increases
in vector-borne diseases such as malaria."”'® Some
models have suggested that increases in global
temperatures have the potential to cause increased rates
of vector-borne diseases, including malaria.®'® And
recently, the Intergovernmental Panel on Climate Change
warned that by the 2030s, global warming will put an
additional 52-62 million people in southern Africa at risk
of malaria infection'”. Higher temperatures drive higher
mosquito development and biting rates?*2" as well as

the rate of parasite replication within the mosquito.?!

Moreover, rising temperatures will expand the
transmission season and geographic reach of Anopheles
mosquitoes, which will allow malaria to spread to
populations with limited natural immunity.'® That said,
climate is not the only driver of vector-borne disease
spread. For example, prior to the 1950s, much of the
southeastern United States was considered malarious,?
but with concerted malaria-eradication efforts, including
the indoor use of DDT sprays,?® malaria transmission in
the United States was eliminated in 1951.24

There are five species of malaria that are associated with
human disease. Plasmodium falciparum and P. vivax
account for 90-95% of infections.52%28 P, falciparum is the
most deadly of the malarial parasites and, while declining
due to control efforts,”?’ it is the most prevalent species
found in sub-Saharan Africa.>?” P, vivax is the most
prevalent outside of sub-Saharan Africa. P. ovale curtisi
and P. ovale wallikeri (two genetically distinct
subspecies?®) and P. malariae less commonly cause
significant human disease.

The malaria parasite has a two-host, multistage lifecycle.
Human infection begins with the bite of an infected female
Anopheles mosquito; during the blood meal, malarial
sporozoites from the mosquito’s saliva are introduced into
the host blood stream. The sporozoites travel through the
blood to hepatocytes where they infect and mature into
schizonts, mature malaria parasites containing many
merozoites each. Merozoites, the life stage that infects red
blood cells (RBCs), are released when the hepatocytes
rupture. (Interestingly, P. vivax and P. ovale can remain
dormant in the liver and cause disease months or years
after initial infection.?®) Released merozoites infect the
RBCs and develop into ring forms (trophozoites) or
gametocytes. Trophozoites mature in the RBCs, create
more schizonts, and rupture releasing more merozoites.
Gametocytes differentiate and mature and are transmitted
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back to the mosquito vector upon her next blood meal.?
Malaria does not spread by human-to-human or animal-
to-human transmission.

Natural Selection

The link between the sickle cell trait and protection
against malaria was first suggested in the mid-1900s.3°%!
Similarly, the Duffy glycoprotein, a receptor for
chemicals secreted by blood cells during inflammation,
also serves as a receptor for P. vivaxl. RBCs that lack the
Duffy antigens are relatively resistant to invasion.®?

Blood types in endemic populations lean toward O

and Duffy negative.3'-33

Symptoms

Symptoms of malaria infection may be mild or may be
life threatening and depend on the species and the
individual. The incubation period leading up to
manifestation of symptoms depends on the species of
Plasmodium. Patient presentation may be mild or life-
threatening.® Initially, symptoms are generalized, which
may make diagnosis difficult. In severe disease,
symptoms may progress to include fever and flu-like
illness, with headache, shaking chills, muscle aches, and
extreme tiredness. Some patients may present with
anemia, jaundice, and stupor as well.° Pregnant women,
children, and those with underlying medical conditions
such as HIV/AIDS are more likely to develop severe
infection.?8 If not promptly treated, malaria infection,
especially with P. falciparum and P. vivax, may result in
multi-organ failure® and have neurological complications
including mental confusion, seizures, and coma.3435

Treatment

Quinine, an alkaloid, is a traditional treatment and cure
for malaria originally extracted from the bark of the
cinchona tree. When the British Empire took control of
India in the mid-1800s, British troops were leveled by
malaria.”% Unfortunately, the bitter taste of quinine was
off-putting. To make the quinine more palatable, it was
mixed with soda, sugar, lime, and gin to mask the bitter
taste—and the gin and tonic was born.”

“The gin and tonic has saved more Englishmen's
lives and minds than all the doctors in the Empire.”
~Sir Winston Churchill¥

In the early 1900s, Chloroquine phosphate became the
treatment of choice and remains so today when the
parasites are sensitive to the drug. Resistance to both
quinine and chloroquine is growing around the world,
necessitating new treatments.

Treatment resistance

Plasmodium spp. have evolved extensive mechanisms to
evade host immunity that allow them to maintain host
infection. First, when a trophozoite invades a host cells, it
exports hundreds of proteins to the cell’s internal and
external surfaces and restructures the infected RBC’s
(iRBC) cytoskeleton.t3® These events are involved in
creating new pathways for the parasites to obtain nutrients
and expel wastes. Second, each of the Plasmodium spp.
genomes has its own array of variant surface antigens
(VSAs),* making the proteins expressed by the parasite
highly variable. Parasites change expression of these
antigenically distinct surface proteins, making them
unrecognizable to the immune system.

CASE STUDY

A 42-year-old previously healthy male presented to the
Emergency Department with a four-day-long fever. Three
days prior to symptom onset, the patient had returned
from a 10-day trip to Angola. As a result, the patient
underwent a rapid malaria test at the pharmacy prior

to admission. He was clinically stable, conscious,

and collaborative.

Peripheral blood was drawn, and a standard complete
blood count with differential (CBC-Diff) was performed
(DxH 900 Hematology Analyzer, Beckman Coulter, Miami,
FL). The CBC was flagged for thrombocytopenia (PLT=27*
109/L), and lymphopenia (LY#=0.7*109/L) (Figure 2). A
peripheral blood smear was performed and analyzed
using X100HT with Full-Field PBS application (Scopio
Labs, Tel Aviv Israel) and showed 0.36% parasitemia
(Figure 3). Upon diagnosis, the patient was transferred to a
different hospital for further treatment.

Additional test results are listed below."

. Total bilirubin: 44.0 ymol/L

. Non-conjugated bilirubin: 33.4 ymol/L
. GPT: 71 pmol/L

o GOT: 51 pymol/L

o CRP: 150.6 mg/L
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Figure 3. Patient images showing trophozoites from X100HT with Full-
Field PBS application (Scopio Labs)

How Technology Aids in the Identification
of Plasmodium

The CBC-Diff is one of the most commonly performed
laboratory tests and is used to identify a wide range of
disorders. While the CBC-Diff is not a diagnostic test for
malaria, certain hematological test result patterns
coupled with patient symptoms may raise the suspicion
of malarial infection,**=*? especially in non-endemic
areas, where initial diagnosis is missed in almost 60%

of cases.®® For example, red blood cell distribution width
(RDW), hemoglobin, leukocytes, and platelet counts,*244-46
as well as nucleated red blood cells (nRBCs) and
monocyte anisocytosis*® have all been shown to have
potential as CBC markers of Plasmodium infection.?

The ability to observe the biophysical characterization of
WBCs in their near native state using Beckman Coulter
hematology analyzers provides information about
cytoplasmic granularity and membrane surface
(MALST/LMALST/UMALST), cellular transparency and
optical size (AL2%), and cellular complexity (LALS?).
Conductivity characterizes the nuclear and granular

TThese parameters are research use only (RUO), and their clinical
use would require validation through controlled clinical trials.

constituents, nucleus to cytoplasm ratio, and the

chemical composition of the cell interior, while volume
measurements correlate to cell size. Cell Population data
(CPD)t are used to identify morphological changes in
cells. CPD are available for the laboratory and as research
use only (RUO) tools and may help arouse suspicion

of abnormal cells in the blood.

Several publications have demonstrated the usefulness
of monocyte and lymphocyte anisocytosis (Standard
deviation of monocyte volume and Standard deviation

of lymphocyte volume) in malaria to detect activated
monocytes and lymphocytes, which are involved in
immune response against the parasite.*>#” Coupling the
standard deviations of lymphocyte and monocyte volumes
was shown to be a highly sensitive (98%) and specific
(94%) screening test for the presence of Plasmodium,
even in patients with HIV coinfection, likely due to cellular
activation in response to infection.*4

In another study, Sharma et al. aimed to differentiate
malaria from dengue and from other febrile illnesses using
multivariate analysis and demonstrated that leukocyte
morphological abnormalities quantitated by automated
analyzers can successfully identify malaria and dengue
and distinguished them from other fevers.*® These
discriminant functions can be used to rapidly calculate
and generate flags to trigger specific testing.

The patient in the case described herein presented with an
abnormal WBC differential plot pattern and high values for
@SD-V-LYT (28.06) and @SD-V-MO' (25.62) as compared
with the normal specimen. The patient’s blood sample also
showed thrombocytopenia and eosinopenia—which are
often present in malaria.*>#® The green population at the
low-left part of the NRBC plot (arrow, Figure 2) is example
of the “malaria signal,” as described by Lee et al.?°

All these findings—anisocytosis of monocytes and
lymphocytes, thrombocytopenia, eosinopenia and
presence of abnormal population on NRBC1 plot—may
help the lab to suspect cellular abnormalities associated
with malaria and request additional testing.

Microscopy

Malaria is a common disease in tropical areas; however, in
patients outside of malaria-endemic areas without a pre-
existing suspicion, diagnosis can be challenging.
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Microscopic examination of peripheral blood remains
the gold standard for detecting malaria infection, but it is
labor intensive and requires a high skill level for accurate
assessment,*>*%5! which may be unattainable in endemic
areas.*”® Fortunately, with the advent Scopio's Full-Field
Digital morphology technology, the presence and
prevalence of malarial trophozoites can be easily
evaluated in a

time-efficient manner.52

In the current case, the patient’s blood smear showed
the presence of trophozoites in the RBCs, further
confirming infection with Plasmodium spp. (Figure 3).

While clinicians are taught to think horses when hearing
hoofbeats, understanding the interconnectedness of
laboratory results can help them identify the zebras in
the herd to detect disease earlier, which can ultimately
save lives.
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