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Weitzman et al. used PubMed text mining to determine the trends of antimalarial
resistance over the last 40 years [1]. In short, the authors divided the number of citations
each year mentioning ‘drug’ AND ‘malaria’ AND ‘resistance’ by the number of citations
mentioning ‘drug’ OR ‘malaria’ OR ‘resistance’, using the names of different antimalarials
in the ‘drug’ position of this formula. The resulting ‘normalised citations’ were then used
as an indicator of resistance to the drug in that year. According to the authors, these
normalised citations display cyclic patterns. This, according to the authors, indicates that
‘Resistance to antimalarial monotherapy is cyclic’.

We doubt whether this methodology is suitable to determine temporal patterns of
antimalarial resistance. Firstly, we think the nominator in this formula could be ‘polluted’
by publications that happen to mention the drug of interest as well as the word resistance.

Secondly, the authors seemed to ignore other reasons for the increase or decline
in normalised citations for specific antimalarials. Halofantrine, for example, was first
marketed in 1984 [2]. Not surprisingly, the citation rate determined by Weitzman et al.
increases after this year. The decline around 1995 is most likely not an effect of a sudden
reduction in resistance, but rather the result of a strong reduction in the use of halofantrine
due to concerns over the cardiotoxic side effects of halofantrine, which were first described
around 1993 [3,4].

The (over)reliance on the methodology used by the authors leads to some confus-
ing conclusions. The authors describe a linear rise in resistance for artemisinin, dihy-
droartemisinin and artemether up to 2020, yet a ‘plunge’ in artesunate resistance after
2005. Although the authors seemed to acknowledge that dihydroartemisinin is the active
metabolite of artemisinin, artemether and artesunate, they suggest that ‘given the right
conditions’, resistance to artemisinin and dihydroartemisinin could also ‘plunge’ from
their linear rise in resistance, similar to that of artesunate. The authors even go as far as
to state that the fact that only a ‘plunge’ is seen for artesunate ‘suggests more than one
mechanism of action, unlike that of the artemisinins’. It is puzzling to understand why
resistance to artesunate would have ‘plummeted’ since 2005, as resistance to artemisinins
was first described only in around 2008–2009 [5,6]!

It is likely that resistance to antimalarials will follow a cyclic pattern as resistance
could lead to cessation of the use of the antimalarial which will reduce drug pressure,
which subsequently could result in a reduction in antimalarial resistance, provided that the
resistant genotype is associated with a fitness cost in the absence of drug pressure. Similarly,
chloroquine resistance has diminished after the cessation of chloroquine monotherapy in
sub-Saharan Africa [7,8]. However, we think the methods used by Weitzman et al. are
at great risk of drawing incorrect conclusions. In addition, we think the cyclic pattern of

J. Clin. Med. 2022, 11, 2934. https://doi.org/10.3390/jcm11102934 https://www.mdpi.com/journal/jcm

https://doi.org/10.3390/jcm11102934
https://doi.org/10.3390/jcm11102934
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://doi.org/10.3390/jcm11102934
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm11102934?type=check_update&version=1


J. Clin. Med. 2022, 11, 2934 2 of 2

normalised citation rates of antimalarial resistance described by the authors cannot be used
to predict the future prevalence of antimalarial resistance.
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