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Abstract 

Malaria is still an important public health problem, currently with an increasing incidence. The causative 

parasite, Plasmodium, lives in the blood, sharing the host’s nutrients. Thus, host nutrition must play an 

important part in parasite’s development. Little information is available on this subject; restricted to 

malnutrition or to iron. The effect of macronutrients, especially carbohydrates, is hardly explored. 

Furthermore, existing studies have inherent limitations, such as rodent models. 

We studied the host’s nutrition, especially carbohydrates (table sugar) influences the growth of Plasmodium, 

using a novel (ex-vivo) in-vitro based approach with a protocol to mimic in-vivo conditions. Parasites were 

cultures in erythrocytes from 50 volunteers, in 90% of their homologous serum without added glucose for 96 

hours. Parasitaemia was compared in each volunteer before and after ingestion of a high-carbohydrate meal. 

In 71% of the cultures there was an increase in parasitaemia observed after ingestion. The increased growth 

was largely proportional to an increased glycaemia, although the association was not linear. The reason for 

this is unclear, although other factors, such as fructose might have influenced this. 

The ingestion of high-carbohydrate seems to promote parasite growth, in some cases markedly so. A 

consequence may be an increased risk for (severe) malaria, especially in diabetics or individuals on a high-

carbohydrates diet, such as children. 
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Background 

 Malaria is still a serious disease worldwide, that 

affected, in 2016 alone, 216 million people (1). In the 

last report from the World Health Organization 

(WHO), malaria figured as the responsible 16 000 

more deaths than the previous year(1), an alarming 

increase when the objective is towards elimination 

of the disease. This increase shows that, instead of 

moving forward  on the way of elimination of the 

disease, it may herald a step backwards. Belying  

these large numbers of morbidity and mortality, 

there is a lot of knowledge about malaria and the 

parasite that causes it, Plasmodium.  

This parasite has a complex life cycle, 

composed by a sexual and an asexual stage and in 

two different hosts, the mosquito and the human(2). 

When the parasite infects the human, it infects 

primarily the liver and then migrates to the blood 

stream where it invades the Red Blood Cells (RBC).  

Here starts the blood stage where the parasite 

undergo an asexual cycle. While in the liver there is 

only a small number of parasites, when the schizont 

reaches the blood stream the multiplication much 

faster, as each time that a schizont bursts, at least 

16 new RBC are infected. With this high increase in 

the numer of parasites in the host’s body, the 

symptoms and thus the disease start to manifest 

only at this stage. In the blood  the parasite goes 

from its earlier ring to the trophozoite form and 

ultimately the schizont form. 

Based on the incidence numbers mentioned 

previously it would seem that something is 

happening regarding the control of malaria, lowering 

the efficacy of measures that have been of the 

utmost importance in the fight against malaria.  

When searching the more recent literature in 

PubMed, it appears that nutrition is the subject with 

the lowest number of publications when compared 

to vaccine, vector control, diagnosis and drugs. Of 

note, most results obtained with the search terms 

“Nutrition AND Malaria”, were related to iron and 

malnutrition; while other subjects were very scarce.  

Understandably, malnutrition was the main focus in 

the past, more than likely because of wars and 

prevalent poverty. Malnutrition was the nutrition 

status of most of the world population. Concerning 

iron, it is the most common micronutrient deficiency 

worldwide, a condition that makes it an important 

subject to study. Moreover, it often accompanies 

malnutrition status. In the last ten years most of the 

publications on the matter were either about the 

importance of iron and anaemia on malaria or the 

impact of malnutrition in the said disease. This lack 

of diversity concerning the role that nutrition may 

play on the course of malaria makes it difficult to 

really understand the extend of its true importance.  

In order to better understand how nutrition can 

influence the course of malaria it may be helpful to 

look into the broader picture, such as the role of 

nutrition on infection in general. That way it may be 

possible to understand which the most relevant 

nutrients are, regarding infection, and how they may 

interact with microorganisms and influence disease. 

Because underlying mechanisms may very well be 

similar in other infections, this may provide some 

clues how nutrition affects the progression of 

malaria disease.  
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Without a doubt, a relationship between 

nutrition and infection exists, as described in a 

recent textbook(3). Basically, one simple 

relationship is that nutrition is essential for a good 

immune response and thus the development of the 

disease, while many infections, especially more 

severe ones, may affect the nutritional status of the 

patients(4). 

The effect that undernutrition or obesity play in 

infection might not only be because of their 

repercussions on the immune response and its 

components but, perhaps as importantly, due to 

some changes in the availability of particular 

nutrients to the pathogen. Thus, there may be a 

closer association of nutrition of the host and the 

capacity of the pathogen to grow inside the host. 

Certainly, this may be less evident in some cases, 

like an uncomplicated urinary-tract-infection, but 

may have a large impact in other infections, such as 

tuberculosis or malaria. 

The underlying hypothesis is that nutrition may 

influence rather directly the development of 

pathogens. However, it is also possible, if not likely, 

that the increase in the serum, of some other 

nutrients (or nutrient associated substances) may 

compromise the survival of the pathogens and 

consequently improve the prognosis  

It also seems very likely that nutrition affects 

malaria in particular. Regarding the effects that 

nutrition might have on malaria, the focus will be 

mainly on the impact that macronutrients might 

have, as opposed to micronutrients, given the main 

focus of the present study.  

Undernutrition, often associated with PEM, is 

the most studied nutrition-related subject affecting 

patients with malaria, mostly because it was almost 

a common denominator for most malaria patients, 

apart from being the easiest nutrition deficiency to 

spot(7). Interestingly, in the past, undernutrition was 

thought to protect against malaria, a finding that was 

reported in several studies, although mainly in the 

older ones(8, 9). However, the analysis of such 

result must be made carefully, especially in older 

studies, because in the past the definition of 

malnutrition was based merely on 

anthropometrics(10), while nowadays it also takes 

into account growth, development, chronicity, cause 

of malnutrition, and the impact of malnutrition 

(undernutrition) on functional status(10, 11). 

Nevertheless, recent studies observed that 

undernutrition was in fact a risk factor for malaria(12, 

13). This disparities in the classification of the 

nutritional status might explain why the results on 

the effect of malnutrition in malaria are so different.  

Some authors suggested that this detrimental 

effect, which malnutrition appears to have during 

malaria. Shikur et al observed similar results in 

wasted children under five years old in Ethiopia. The 

authors suggested that this results might be a 

consequence of a poor immune response caused by 

severe wasting(14).  

On the other hand, obesity’s impact on malaria 

is not yet extensively studied. Likely, this reflects the 

lower prevalence of obesity in most malaria endemic 

countries in the past. Robert et al observed that 

obese mice were able to resist better to increased 

parasitaemia and did not develop cerebral malaria 

than normal mice(15).  However, the metabolism of 

rodents is different compared to humans, and 

results from rodent models might not be easy to 

extrapolate to humans as highlighted by Visser et al 

in a report on serum lipids and lipoproteins during 

uncomplicated malaria in humans(16). 

In fact, Wyss et al published one of the few 

reports investigating the relationship between 

obesity and malaria in a Swedish national wide 

study(17), in which obesity seemed to be related to 

more severe cases of malaria disease.  

Perhaps, to better understand the whole 

picture of nutritional interactions with malaria, it is 

necessary to look into the effect of more specific 

nutritional components, like glucose, lipids and 

protein (already mentioned along with malnutrition) 

as well as the effect of the micronutrients.  

Objective 

The objective of this study is to investigate the 

effects which different kinds of food and its nutrients 

may have on the development and growth of the 

malaria parasite in in vitro cultures with the blood 

from human volunteer donors. 

Material and Methods 

This study was approved by the Ethic Committee 

from the Centro Académico de Medicina de Lisboa.  

Blood Collection 

For the collection of blood, the S-Monovette® 

system from Sarstedt (Nümbrecht, Germany) was 

used. Tubes with sodium citrate were used for the 

collection of anticoagulated blood destined to be 

turned into plasma and RBC, while tubes with a clot 

inducer were used for the collection of serum. To 

complement this system, a Safety-Multifly® needle, 

from the same company, was also used. 

Meals offered to the volunteers 

To test the effect of nutrition in Plasmodium’s 

growth, a high calorie and high sugary meal was 

offered to all volunteers. These features were 

chosen due to the fact that the glucose is one, if not 

the most important nutrient for the parasite to grow, 

as well for its prevalence in most people’s diet. To 

increase the acceptance from the volunteers, 

commercially available 50 grams “chocolate bars” 

were chosen as the meal for the volunteers’ 

ingestion. This meal will further be referred as High 

Calorie-High Sugar (HCS) meal.  

On the other hand, to test the effect of different 

types of carbohydrates, 35g of commercially 
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available glucose and fructose were mixed with 

water and given to drink to the volunteers in two 

consecutive days. Both the glucose and the fructose 

used, were the ones used for domestic purposes.  

Measurement of serum glucose 

The device used to measure the volunteer’s 

glycaemia was a home measuring device, 

OneTouch Select® Plus, which is commercially 

available in any pharmacy. The test strips were the 

recommended to the glucometer, from the same 

company.  

Volunteers 

This study involved the participation of 50 

healthy volunteers, from a non-endemic country for 

malaria. To test the effect that the intake the meal 

might have on parasites growth, the participants had 

to be submitted to two blood collections and serum 

glucose measurements. The punctures were 

performed before and one after the ingestion of a 

High Calorie-High Sugar (HCS) meal, with 30 

minutes between collections.  

Blood collection 

The blood was obtained from healthy volunteers 

and collected under sterile conditions. The system 

for the blood collection was S-Monovette®. Tubes 

with citrate, lithium heparin and clot activator were 

used, depending if the blood was to extract RBC (the 

former two) or serum (the latter). 

Preparation of blood samples  

To extract the serum from the blood, it was first 

let to clot and then centrifuged at 2000g at 8ºC. The 

blood to be separated into plasma and red blood 

cells (RBC) was centrifuged at 400g, followed by the 

separation of the plasma from the RBC. 

Furthermore, the isolation of the RBC was 

accomplished by centrifugation of the samples, 

followed by removing of the supernatant. The cells 

were then washed at least twice with RPMI 1640, 

followed by centrifugation for five minutes at 8ºC, at 

400g.For some preliminary experiments RBC 

obtained from the National Blood Bank (NBB) in the 

form of buffy coats or low volume units were used.  

Defibrination of blood 

The defibrination of the blood was performed by 

smooth and continuous agitation of 5 ml of blood in 

an Erlenmeyer flask with the bottom full of glass 

beads.  

Measurement of serum glucose 

To measure the serum glucose of each 

participant, both before and after the ingestion of the 

HCS meal, home device specific for the purpose. 

The device used measures the concentration of 

glucose in the blood by measuring the amount of 

glucose oxidase. 

Cultures 

Culture maintenance, Giemsa and SYBR green 

staining were performed as described by Rebelo et 

al (18). 

Serum media 

The medium with serum was made of RPMI, 

Hepes buffer, L-glutamine, gentamycin and Sodium 

hydroxide. The quantities of the constituents had to 

be adjusted along with increasing the concentration 

of serum, namely the volumes of RPMI 1640 and 

Hepes. The remaining constituents were used 

always in the same concentration. The quantities of 

each constituent are described in table 10. 

To the RPMI it is necessary to add hepes buffer In 

the end, the serum is to be added to the mixture. 

In vitro culture with different conditions 

The first step was to thaw a frozen culture of P. 

falciparum and keep a continuous culture viable. 

This culture had to infect a sufficient volume of RBC, 

so the culture had enough volume to be divided into 

the different conditions. All experiments started with 

a parasitaemia of 0.5% and were incubated for two 

cycles (96h).  

To infect the RBC from the volunteer, 12.5 µl of 

infected RBC from a pre-existing culture were added 

to 250 µl of RBC from the volunteer and incubated 

in culture medium until a parasitaemia higher than 

0.5% was met. This method was the same used to 

compare the parasite’s growth before and after the 

ingestion of the HCS meal, which is represented in 

figure 9. As the synchronization leads to a decrease 

in parasitaemia, non-synchronized cultures were 

used. The use of synchronized cultures would lead 

to more time of incubation after the infection of the 

RBC and before the synchronization. This would, in 

turn extend the time of culture and may lead to the 

deterioration of the blood’s quality.  

The first condition that was investigated was 

whether P. falciparum was able to grow in a medium 

with serum or plasma instead of the currently used 

Albumax. In this experiment, 10% of the medium 

was replaced with the same amount of serum or 

plasma, instead of the Albumax.  

For the experiment with different 

concentrations of serum, the medium was prepared 

as described before. The assay was performed with 

10%, 20%, 30%, 40%,50% 70%,80% and 90% 

serum.  

To test different types of RBC, blood was 

collected from the same donor to be anticoagulated 

by citrate, CPD and defibrination. Then 12.5 µl of 

infected RBC from the same culture were added to 

250 µl in culture medium and incubated for 120 h. 

Assessment of Parasitaemia 

Photos of cultures’ smear were taken with the 

software Leica FireCam 3.4.1, from Leica 

microsystems (Switzerland) Ltd. Afterwards, the 

parasitaemias were counted using ImageJ 1.49v 

(Wayne Rasband, National Institutes of Health, 

USA). 
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Test the effect of nutrition in P. falciparum’s growth 

When the protocol was established and 

checked for reproducibility, it was possible to start 

the assays with volunteer donors’ blood. These 

included the collection of blood before and after the 

intake of an HCS meal. The blood collection after the 

intake of the meal had to be in the time period when 

the effects are most explicit, in the case of the 

chosen meal (high sugar) it was 30 minutes(19, 20). 

The blood collected was then processed to 

produce serum, followed by the preparation of the 

culture medium, according to the established 

protocol, and incubation of the parasites with the 

same medium for at least two cycles. The results on 

the differences in parasite growth was accessed 

through the parasitaemia in each culture followed by 

comparison between conditions.  

For the cultures, both RBC and serum from the 

volunteer were used. The RBC were infected as 

described before and were not synchronized. For 

these experiments, medium with 90% serum was 

used to incubate the cultures. These were 

performed in 24 well plates, with 1 ml of medium and 

50 µl of cells for 96h, with the medium being 

changed every day. To avoid deterioration of the 

serum in the medium, small aliquots were made and 

frosted, warmed only in the day they were put into 

the culture. The parasitaemia was measured mainly 

by both flow cytometry and microscopy at 0, 48 and 

96 hours.  

Results 

1. Establishment of the protocol 

In order to detect differences in growth caused 

by the effect of nutrition on the parasite it was 

necessary to adapt the culture protocol to one that 

was closer to the conditions in the human host. The 

necessary changes to the protocol are described in 

table 1. 

Table 1 Changes to be made to the standard 

protocol for continuous culture of P. falciparum 

Standard medium 
to continuous 
culture 

Substitution to mimic 
conditions in vivo 

RPMI 1640 → Minimum % of 
RPMI 1640 

10% Albumax II → Maximum % of 
Serum or Plasma 

11 mM of glucose 
added 

→ 0 mM of glucose 

RBC from the 
NBB, with CPD 

→ RBC from the 
donor, with citrate 
or defibrinated 

a) Confirmation of protocol in different 

donors 

To be able to start to test the influence of the 

diet on the parasite’s growth, the established 

protocol, with 90% serum and no glucose added, 

was tested with eight volunteers and compared with 

the growth in a standard culture medium. It was 

observed that the parasite was able to grow in all the 

cultures incubated with 90% serum and defibrinated 

RBC as established previously. In some cultures, 

the growth was better than in the one incubated with 

the standard medium, supplemented with Albumax 

(figure 1). 

 
Figure 1 Parasitaemia of P. falciparum using the established protocol with eight different donors. 

Growth curves of cultures incubated with medium supplemented with 90% serum and defibrinated RBC from 

each eight donors and compared with one culture supplemented with Albumax. 1S – 8S – code number 

attributed to the volunteer donor; MCM + NBB – Complete Medium and cells from NBB. 
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growth 

Fifty-one volunteeres participated in the study. 

The results from 16 volunteers had to be removed 

from the study, because of either absence of growth 

or a high percentage of unhealthy parasites. It was 

considered absence of growth when the difference 

between the final and initial parasitaemias was lower 

than 0.5% . The sample of participants in the study 

is described in table 3. 

Table 2 Description of the sample according to gender, 
age and blood type.  
N – absolute number of the population; ND – Not 
determined. 

  Total results Included 

Gender 
Female 37 27 

Male 14 8 
 20-30 21 14 

Age 31-40 11 8 
 >40 6 4 
 ND 13 9 

Blood 

type 

A 14 11 

B 4 2 

O 9 7 

ND 24 15 

a) Comparison of growth before and after the 

intake of the HCS meal 

After observing that none of the studied factors 

had a significant impact on the result, it was 

compared if the parasites growth incubated in the 

blood from the donors before and after the intake of 

a HCS meal was different  

As it can be observed in the figure two, the 

bigger the difference between the glicaemia after 

and before, the bigger is the difference in growth 

between the respective cultures. The donors whose 

glycaemia was lower after the ingestion of the meal 

than if was before, were mainly the ones in which 

there was a fall in the growth values after the intake 

of the HCS meal. The higher values follow this trend, 

occuring when the difference in glicaemia is bigger.  

Is is important to highlight that 71% of the cultures 

registerd an increased growth after the ingestion of 

the HCS meal, whereas only 11% had the opposite 

result. There were also some cases (17%) where 

the growth was very similar between the two 

conditions. There is a significant difference between 

the growth before the ingestion of the HCS meal and 

after (P<0.001). 

2. Effect of different types of 

carbohydrates on the growth of P. 

falciparum 

a) In vitro testing of the effects of different 

carbohydrates 

After the observation that the glycaemia 

appears to be the main factor influencing the 

parasites growth, the question on whether the type 

of carbohydrate had also an impact was raised. For 

this, cultures with the standard culture medium 

supplemented with 10% serum were incubated with 

the same concentration of carbohydrates used for 

continuous cultures (11mM). The carbon sources 

used were glucose, fructose and a mixture of both in 

equal parts.  

The parasite registered the highest growth 

when incubated with a mixture of glucose and 

fructose in two of the three cultures. This best growth 

was followed by the growth in the cultures incubated 

with fructose and at last by the ones incubated with 

glucose, with a difference of about 1% between the 

former and the latter (figure three).  
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Figure 2 Comparison between growth after and before consumption of HCS meal.  
The growth is the difference between the parasitaemia at 96 hours and the initial parasitaemia. The ratio 
between the growth registered after and before the consume of the HCS meal was calculated. The results 
are organized in function of the difference between the glycaemia after and before according to classes 
(less than 0, less than 10, between 0 and 10, and more than 10) as represented. 



6 
 

 
Figure 3 Growth of P. falciparum in vitro, according with carbon source and controls.  

Cultures of P. falciparum were incubated with media with different carbon sources (glucose, fructose and a 

mixture of both in the same total concentration Positive and negative controls were used, the former with the 

standard medium e and the latter with no glucose added. C+ - positive control; C--negative control. 

 

b) Testing of the effects of different 

carbohydrates in blood from donors 

Then it became interesting to study the same 

effect but ex vivo, using the same protocol that was 

used to investigate the impact of the ingestion of the 

HCS meal. For this, blood was collected from six 

volunteers before and after the ingestion of 35 g of 

glucose or fructose in two consecutive days. The 

results are represented in figure four, where it is 

possible to see that the reaction from the parasite to 

the ingestion of both glucose and fructose was not 

constant among the volunteers, existing even 

cultures where de parasite was not able to grow. In 

most cases, the growth after the ingestion of the 

solution was higher than before, being the cultures 

from volunteers three and four with glucose and 

volunteer one with fructose, the exceptions. It does 

not seem to exist a difference between the growth in 

the blood from when the volunteer ingested the 

glucose (BG) and the fructose (BF).  Although the 

values for the glycaemia raised less after the 

ingestion of fructose, compared with glucose. 

Indicating that only a portion of the fructose was 

converted into glucose and that the parasite can use 

the remaining fructose as a carbon source.  

 
Figure 4 Difference in growth of P. falciparum ex vivo, by carbon source in different donors.  

Cultures of P. falciparum were incubated with media with blood from different donors whom had drank a 

solution with one carbon source each time (glucose and fructose).  
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Discussion 

This has two distinct parts: the establishment of 

a novel culture protocol with a maximum amount of 

human blood components and the study of the effect 

of a determined meal in healthy volunteers on the 

growth of P. falciparum in ex-vivo. 

1. Establishment of the protocol 

It would be foreseeable that the culture 

incubated in medium supplemented with 10% serum 

would present a higher growth than the one 

incubated with Albumax, since the latter is a 

substitute for the former. Basco, in his experiments 

with several animal substitutes of human serum for 

the culture of P. falciparum reported precisely that 

neither of the substitutes, including Albumax, could 

achieve the same level of growth as the human 

serum(21).  

The observed results were not completely in 

concordance with the ones described in the 

literature. The growth observed in the cultures 

incubated with 10% serum was slightly lower than 

the growth observed in the cultures with Albumax. 

Although the reason why this occurred was not 

determined, it is possible that the parasite, being 

cultured for a long time in Albumax, had adapted to 

this condition in detriment to serum. However, it was 

possible to confirm that the parasite was able to 

grow in medium supplemented with serum, so the 

next step was to increase this concentration to one 

closer to what the parasite encounters in the human. 

The descriptions for the use of large amounts of 

human serum date from the beginning of the 20th 

century, a time when the first attempts to culture P. 

falciparum occurred. Only in the 1970s, Trager and 

Jensen created a new method, which allowed the 

continuous culture of P. falciparum. In this method, 

the recommended percentage of serum is 10%(22). 

However, it is important to mention that, while they 

were trying to create the best protocol, serum was a 

culture component that was difficult to get hold of 

(such blood products are not usually commercially 

available) and hence, the objective would have been 

to use the minimum amount possible. While the 

recommendations from Trager and Jensen may be 

seen as an indicator that low concentrations of 

serum are good, if not the best conditions for the 

parasite to grow, this does not mean that the 

parasite might not grow (well) in higher 

concentrations of serum. 

Certainly, culturing the parasite in a medium 

with a maximum concentration of serum possible (as 

in our study) is likely to be the opposite of the 

objective Trager and Jensen had. Importantly, it 

means that one cannot exclude that the use of 

higher concentrations of serum might work well. The 

ambition to reduce or eliminate human blood 

components means that the literature is 

conspicuously non-informative with regards to such 

conditions. In fact, the observations from our study 

indicate that, although the maximum growth appears 

to be in medium with 10% serum, it is possible to 

culture the parasite in medium with concentrations 

of serum as high as 90% with similar levels of 

parasitaemia.  

It became necessary to look into the 

concentration of glucose in the medium. As the 

objective of the study was to investigate nutrients in 

the blood, crucially on component of the culture had 

to be addressed: the added glucose. The standard 

concentration used for the cultures of P. falciparum 

is 11mM, Interestingly, taking into account that the 

“normal” concentration of glucose in Humans 

(around 5mM), this concentration is more than 

double that. In fact, the concentration of 11mM (or 

200mg/dl) glucose is well above the threshold for the 

diagnosis of diabetes in humans. This invites 

speculation that the parasite prefers a growth 

environment, certainly in-vitro, with higher 

concentrations of glucose. Or even, is this high 

concentration better for in vitro cultures to avoid the 

total consume of the glucose in the medium during 

the usual 24hours that it is in culture? This 

hypothesis considers that, while in the body the 

nutrients are always being replenished, in vitro this 

only happens each 24hours. During this period, if 

the concentration of glucose is low, it is possible that 

it is exhausted, thus the parasite is not able to grow. 

A more recent in vitro study by Humeida et al 

tested different concentrations of glucose (23). 

According to this study, the parasite appeared to 

grow only with concentrations of glucose above 

11mM, which is consistent with the theory 

mentioned earlier. On the other hand, Mancio-Silva 

et al were able to use concentrations as low as 

5mM(24) to maintain growth, results replicated in 

our study. Because 5mM is the “normal” 

concentration found in human blood, values close to 

it could be achieved in culture by increasing the 

serum concentration to 90%, thus making the 

addition of glucose to the medium obsolete. 

Interestingly, in our study, the parasite 

appeared to grow as well in 2mM as in 5mM of 

glucose, a rather unexpected result considering 

what has been described before. It raises the 

intriguing question if the parasite may find nutrients 

elsewhere?  

Of course, the two more obvious sources of 

nutrients for the parasite are the medium and the 

RBC. RBC depends crucially on glucose 

metabolism (pentose-phosphate-pathway) as an 

energy supply, mainly to maintain membrane 

integrity. Due to the intra-erythrocytic location of the 

parasite, the glucose that enters the RBC may serve 

as a nutrient for the parasite as well. This idea is 

even more important, as RBC from the blood bank 

are kept in an anticoagulant solution (CPD, which is 

very rich in glucose (the D of CPD stands for 
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dextrose). However, the preliminary results 

performed in our study did not seem to confirm this 

idea, as cultures with RBC which had incubated with 

glucose or CPD for 24 showed a similar growth as 

the cells isolated one hour after collection. However, 

RBC from the blood bank seemed to favour an 

increased growth than RBC from healthy volunteers, 

and it could be that other components of the CPD 

anticoagulant might be responsible for the increased 

growth. Phosphate figures as a candidate, as it is an 

important part of the production of energy in the form 

of adenosine triphosphate and phosphorylation is 

important in a number of metabolic reactions(25). 

With the novel working protocol for in-vitro 

cultures establihsed, it had to be validated using 

blood from different donors. The rather large 

variability of adapting parasites in culture was 

already noted in field stduies(26). Rebelo et al 

noticed four different growth patterns in cultures 

from the blood of 47 patients suffering with 

malaria(26).Thus the difference in the growth curves 

in our study are likely indicators of some inter-

individual variability.  Human volunteers mean a 

sample from a population of genetically different 

individuals, with different life styles, background and 

perhaps even environments.  

Certainly, this strongly contrasts with animal 

studies, especially when using inbred rodents, which 

is a very homogeneous population. However, 

studies trying to investigate the effect of a particular 

factor in a population in vivo, are recurring to a 

genetically heterogeneous population of 

rodents(27). While research on nutrition in animal 

models on malaria may provide important 

mechanistic insights, it is crucial to study this subject 

in humans.  

2. Impact of nutrition in Plasmodium 

growth 

Before analysing the results regarding the 

possible impact of nutrition on the growth of P. 

falciparum in in-vitro/ex-vivo cultures, it was 

necessary to see if any other factors might have 

influenced/biased the results, especially considering 

the possible large inter-individual variation, already 

discussed above. The factors that could be 

investigated more thoroughly were: blood type, 

gender and whether the volunteer donor was, or was 

not fasting at the time of blood collection.  

Some studies observed a higher incidence of 

malaria in individuals with blood types A, B or AB as 

opposed to blood type O(32). Basco, however, when 

describing the culture conditions for in vitro drug 

tests, suggests that the influence of the blood group 

can be discarded (33). As the present study was 

conducted ex vivo, this effect may no longer have 

existed and possibly, did not interfere with the 

parasite’s growth. Gender could be another possible 

confounding factor. The described associations in 

rodents between gender and Plasmodium 

growth(34) were not observed in our sample of 

humans. Certainly, the possible effect that 

hormones could produce might be different in vivo 

as compared with ex vivo. The last factor which was 

investigated was the fasting status (overnight) of the 

volunteers at the time of blood collection. No 

significant difference was observed between both 

groups.  

Interestingly, none of these three factors 

showed any significant influence on the results. 

When comparing the percentage of growth between 

the cultures in blood before ingestion of the meal 

(BBC) and blood after ingestion of the meal (BAC) 

some results were unexpected. While it would be 

expected that the cultures with BAC registered a 

higher growth than the ones with BBC, in some 

cases the opposite was observed. However, it 

appears that this happened in those cases where 

the values for the glycaemia at the ABC time point 

were either very close to the iinitial values or even 

lower than those seen at the BBC time point. The 

analysis of the overall results showed a statistically 

signifficant difference (P<0,001), indicating that that 

the ingestion of the HCS meal might be causaly 

related to the increased parasite growth. Although 

the observed reaction might be explained by other 

factors of the meal, one key component is likely to 

be the glucose. 

The obtained results point toward the 

hypothesis that the parasite grows better in an 

environment with a higher concentration of glucose, 

with the difference in glycaemia being the greatest 

factor influencing the results. These observations 

are consistent with results from previous studies 

which observed thay glucose is a limiting factor for 

P. falciparum (23) to grow, as well as with the 

observation, that rodents with higher glycaemia also 

present higher parasitaemias(24). Considering that 

the results indicate that the parasites might grow 

better in the blood of those with higher glycaemia, 

these results are a great cause for concern. Sugar 

consumption is increasing in most developing 

countries(36). Diabetes is also increasingly more 

prevalent in these countries(37), which  is likely 

linked to the high intake of sugar. Our study results 

may indicate that these new dietary habits could 

have an influence on parasite growth in vivo and 

thus, eventually, indicate a worse prognosis of 

malaria (1, 38, 39). 

Interestingly, the changes in metabolism and 

blood composition in the volunteers after a meal 

might go beyond glucose and glycaemia. The intake 

of the HCS meal triggers a series of reactions in the 

volunteer’s organism, such as hormonal 

reactions(19). There are also other nutrients in the 

HCS meal, apart from the glucose, that might be 

metabolised by the parasite and contribute to its 
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better growth. One such nutrient is fructose, a sugar 

commonly used in food products, as a sweetener, 

such as the chocolates given to the volunteers. In 

fact, most chocolates contain sucrose a 

disaccharide of glucose-fructose. 

The metabolism of fructose is different from the 

metabolism of glucose; therefore the consequences 

of its ingestion may not be the same. Since the 

glucometer used could only measure the glucose 

concentration in the blood, the remaining sugar and 

carbohydrates are not measured unless they are 

converted into glucose. Woodrow et al observed that 

P. falciparum parasites were able to use fructose as 

a replacement of glucose as an energy source (40). 

Thus, the values for the glycaemia might not indicate 

the true energy supply to the parasite in the blood. 

Following this line of thought, experiments using 

each of these sugars were performed in order to 

investigate growth of P. falciparum with these two 

carbohydrates as energy source. 

Woodrow et al described that P. falciparum 

was able to use fructose as a replacement for 

glucose(40). When looking into the effect that 

glucose or fructose ex-vivo on P. falciparum growth, 

the results were more similar to the ones described 

by Geary et al and by Woodrow et al. In both studies 

observed growth in cultures incubated with fructose 

however in slightly lower than the ones incubated 

with glucose. This observation was more consistent 

with the results we obtained ex vivo than in vivo. The 

apparent similar growth in before glucose (BG) and 

in (BF) cultures points towards the parasite’s ability 

to use both glucose and fructose as a carbon 

source. The difference in the values of glycaemia 

suggests that only a portion of the fructose was 

converted into glucose and that the parasite can use 

the remaining fructose as a carbon source.  
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