
 

Scientists find 'concerning' flaw in malaria
diagnostics
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Sequestration can bias counts of infected red blood cells (iRBCs). (A) At
sampling time I, the parasites within iRBCs are early in intraerythrocytic
development, so that the iRBCs circulate freely where they can be readily
sampled from a blood draw. Sampling time II follows synchronous maturation of
the population of iRBCs within the host, so that most parasites are in later stages
of development and iRBCs adhere to blood vessel walls where they cannot be
readily sampled (i.e., cannot be taken up when a person is phlebotomized). (B) In
the model used here [27.] to illustrate how sequestration alters observable
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infection dynamics, intraerythrocytic development is assumed to occur in
parallel over a series of circulating and sequestered iRBC compartments.
Circulating developmental phases are shown on a blue background and represent
the iRBCs that can be sampled. Greater transparency in iRBCs and
corresponding boxes indicates a lower likelihood of iRBCs present (e.g., iRBCs
are unlikely to sequester early or circulate late in development). The model
allows for gradual and incomplete sequestration but – when parameterized for
Plasmodium falciparum (following [28.]) – implies rapid and complete
sequestration around 18 h post-RBC invasion. Abbreviation: PMR, parasite
multiplication rate. This figure was created using BioRender. Credit: Trends in
Parasitology (2023). DOI: 10.1016/j.pt.2023.05.006

Current methods can vastly overestimate the rates that malaria parasites
are multiplying in an infected person's blood, which has important
implications for determining how harmful they could be to a host,
according to a new report.

The findings also have consequences for understanding the evolution of
traits that lead to drug resistance, how quickly a parasite might spread
through a population, and for evaluating the effectiveness of new
vaccines.

The study, "Extraordinary Parasite Multiplication Rates in Human
Malaria Infections," appeared in the August issue of Trends in
Parasitology.

The researchers created a mathematical model of infection dynamics to
identify that blood sampling biases and false inferences in previous
computer models were leading to large overestimates.

"The inability to accurately measure those rates is concerning," said
Megan Greischar, assistant professor of ecology and evolutionary
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biology in the College of Agriculture and Life Sciences, and
corresponding author on the paper. Lauren Childs, associate professor of
mathematics at Virginia Tech, is a co-author.

"We had a very simple model for how you infer multiplication rates that
didn't work, so now we know we need something more robust,"
Greischar said. This study explains how the problems in accurately
measuring multiplication rates arise, she said.

Some candidate malaria vaccines act during a stage in the parasite's life
cycle when it replicates in the blood, so knowing its multiplication rates
is key to evaluating a vaccine's efficacy.

Infected mosquitoes pass the malaria parasite into a human host during a
blood meal. The parasites then multiply first in liver cells before moving
into red blood cells. There, in synchrony with each other, parasites
replicate inside the red blood cells and burst out into the blood, killing
the cells. The daughter parasites then continue the next cycle and invade
new red blood cells. This cycle repeats about every 48 hours.

When it comes to measuring multiplication rates, clinicians take blood
samples from infected patients and count the number of parasites
observed. Timing is important, as young parasites that are early in their
life cycle after bursting from red blood cells are easy to see. But as they
age, later in the cycle, they become sticky, attach themselves to blood
vessel walls and do not circulate. Since the cycle repeats again and again,
the samples' timing determines whether high or low numbers are
observable in the blood.

Sampling bias increases when samples are taken later in the cycle when
observable parasites are low, versus early in the cycle when counts of
young parasites are high.
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Previous models used for estimating parasite multiplication rates tried to
correct for this sampling bias by inferring how many parasites might
exist later in a parasite brood's life cycle, when they can't be directly
observed. This study suggests that those methods were insufficient to
determine how fast parasites actually multiply.

Previously published studies measured the maximum number of
offspring produced by a human malaria parasite (Plasmodium
falciparum) within a single 48-hour cycle of replication in artificial
culture.

"They should only be able to multiply at most 32-fold, which is quite
large already," meaning a single parasite could create 32 daughter
parasites, at most, with a median of about 15 to 18, Greischar said.

Using a mathematical model, combined with both modern and historical
data from people infected with malaria, the researchers were able to
identify that inferences made in previous models of parasite counts led
to parasite multiplication rates that were orders of magnitude higher than
what was possible.

"We were seeing thousand-fold growth," Greischar said. "That would
mean that the parasites were making more than 1,000 parasites from a
single red blood cell, repeatedly, which does not match with our
understanding of the biology of these parasites."

Now that Greischar and Childs have identified the problem, next steps
could include developing techniques to infer the hidden fraction of the
parasite population in order to accurately calculate their multiplication
rates.

  More information: Megan A. Greischar et al, Extraordinary parasite
multiplication rates in human malaria infections, Trends in Parasitology
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