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We have read the article “Prevalence of Anemia, Iron-Deficiency Anemia, and Associated Factors 
among Children Aged 1–5 Years in the Rural, Malaria-Endemic Setting of Popokabaka, 
Democratic Republic of Congo: A Cross-Sectional Study”  of Mbunga et al with great interest 
(Mbunga et al., 2021). The context and the findings – the high prevalence of childhood anemia 
(68.1%) and malaria (86.8%) and the low level of iron deficiency (ID) (1.8-12.9%, according to 
the different methods) in an impoverished rural setting of the Democratic Republic of Congo posit 
a challenge for controlling the high burden of anemia. We agree to the explanations of the authors 
regarding the genesis of high prevalence of anemia; however, we explain below how it is very 
difficult  to estimate the prevalence of ID in a setting where there is a high burden of malaria. 
Therefore, we offer supplementary information for the elucidation of the ID and anemia prevalence 
in the context of malarial endemicity. Additionally, we propose a modification in the management 
of the high anemia in this kind of setting. 
 
We assume that hepcidin, the master regulator of iron metabolism (Ganz et al., 2012), possibly 
played the central role. Hepcidin is activated in a state of infection, inflammation and/or in the 
actual good status of iron in the body (Spottiswoode et al., 2014). Hepcidin is upregulated in 
malaria in symptomatic and asymptomatic natural human infections (Howard et al., 2007; de Mast 
et al., 2010). The upregulation inhibits absorption of dietary iron, causes iron to accumulate in 
macrophages and reducing serum iron, possibly contributing to the dyserythropoiesis and anemia 
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that may accompany malaria infections (Prentice et al., 2012). Though unmeasured in the Mbunga 
et al study, the overwhelming prevalence of malaria suggests that there might have been a good 
level of circulating hepcidin in the study children which complements the high prevalence of 
anemia. The presence of food insecurity, low dietary diversity, low animal food intake and poverty 
(Mbunga et al., 2021) entail that the iron from the dietary sources was suboptimum, thus further 
augmenting the proposition of acquired dyserthopoiesis. Additionally, the other possible cause of 
the anemia could be the malarial parasite-induced premature phagocytosis and destruction of the 
red blood cells by the reticuloendothelial system (Perkins et al., 2011). 
 
The infection-adjusted ID was low according to the low level of serum ferritin (1.8% <12 µg/L) 
and the transferrin saturation (12.9%). The reported iron supplementation in the preceding 3 
months of only in 35% of the children, is unlikely to result in such a low level of ID. On account 
of the high prevalence of malaria, serum ferritin was increased markedly as an acute-phase reactant 
to contain the infection, concomitant with a high proportion (~50%) of the elevated C- Reactive 
Protein (CRP). Contrary to the expected outcome, hemoglobin was not correlated with transferrin 
saturation. However, it presented a weak, negative correlation with ferritin. Further, hemoglobin 
was negatively correlated with CRP, signifying a plausible role of infection/inflammatory 
conditions (i.e. malaria) in the pathophysiology of the anemia.  
 
In theory, adjustment of ferritin to exclude for the elevated acute phase reactants and to isolate the 
true ID can be done as per the internal regression method (Namaste et al., 2017). However, in the 
present case, applying this adjustment might not have assured that sufficient circulating iron was 
available for the heme synthesis according to the hepcidin based redistribution of iron (i.e. from 
serum to macrophage). In addition, Castberg et al. (2018) reported that in a malaria endemic 
setting, the CRP values in children were normalized at least 2 weeks earlier than the serum ferritin. 
They suggested that the internal regression correction method which is based on the linear 
association of CRP and ferritin, may not be adequate to fully compensate for the effect of malaria 
on ferritin; and thus could be unreliable to accurately quantify ID in a malaria endemic setting. 
 
Although studies regarding hepcidin and malaria have mostly reported an upregulation of hepcidin 
in malaria infection, in certain contexts, hepcidin suppression may occur, especially in cases with 
severe malaria (Casals-Pascual et al., 2012) or in cerebral malaria (Burté et al., 2013). The 
mechanisms of hepcidin suppression could be by erythropoietic drive, hypoxia, or iron deficiency 
(Spottiswoode et al., 2014). Since the prevalence of malaria was exceedingly high in the setting 
(Mbunga et al., 2021), we assume that there might be a proportion of the cases with severe malarial 
infection leading to possible hepcidin suppression. Hence, the ID might be higher than that 
reported in the study as a possible consequence of hepcidin suppression. . 
 
Summarising this, although it is unknown as to which way the hepcidin responded (as it was 
unmeasured), one possibility is that it was upregulated, thereby inducing the redistribution of 
serum iron, conceivably causing a state of ID; and the magnitude of ID might thus be higher than 
that reported in the study. At the other extreme, in case of the down-regulation of hepcidin (among 
the cases with severe malaria), ID could be tentatively linked with accelerated erythropoiesis. 
Either way, the true prevalence of ID could be plausibly  underestimated in the study.  The current 
strategies of adjustment of ferritin for the infection, one of which was used in the Mbunga et al 
study (i.e. regression correction), are unlikely to be accurate in the malaria-endemic context. 
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The authors correctly recommended infection (i.e. malaria) control as the measure for the anemia 
control in this setting. However, with the likelihood of functional deficiency of the hemopoetic 
iron, this can be complemented by dietary and/or seasonal or targeted supplemental iron  
interventions which have documented benefits, even in malaria-prone settings (Spottiswoode et 
al., 2014). Some authors also maintaining that a protocol  for malaria management in tandem with 
context-feasible seasonal (Atkinson et al., 2014) and/or targeted (Pasricha et al., 2014)  
supplements of iron and  other hemopoietic nutrients can be the mainstay of the management; 
especially in an impoverished setting with low availability of high bioavailable dietary iron. 
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