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Background: Procoagulant microvesicles (MVs) are submicron membrane fragments released from activated cells and cells under-
going apoptosis. The procoagulant activity of MVs is enhanced in the presence of tissue factor (TF). MVs and TF are active mediators
that induce pro-inflammatory response and prothrombotic tendency and have been linked to the severity of several disorders, including
malaria infection. The current study aimed to measure the levels of circulating procoagulant MVs and TF-bearing MVs in malaria
patients and correlate these levels with other hematological parameters and parasitemia.

Materials and Methods: Levels of MVs and TF-bearing MVs in the plasma of children and adult patients infected with Plasmodium
falciparum were measured alongside matched healthy controls.

Results: Patients with Plasmodium falciparum infection had ~3.8 times MVs (p < 0.0001) and ~13.0 times TF-bearing MVs compared to
the matched healthy controls. MVs showed inverse significant correlation with platelet count (p = 0.0055), hemoglobin (p = 0.0004) and
parasitemia.

Conclusion: Elevated levels of MVs and TF-bearing MVs could be useful biomarkers to evaluate the procoagulant activity,
inflammatory response and parasitemia levels in malaria infection, aiding in better management of the disease.
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Introduction
Malaria is one of the major causes of morbidity and mortality globally. The World Health Organization (WHO) considers malaria
a major health burden, with a total of 241 million cases reported in 2020, compared to 227 million cases in 2019." Malaria is
especially prevalent in tropical and subtropical countries, with 95% of the cases occurring in Africa.? Although the incidence of
malaria in Saudi Arabia has been decreasing over the years, mainly due to the effectiveness of the control strategies under the
malaria elimination program, the Jazan region in southwestern Saudi Arabia (near the African horn) continues to be considered an
endemic area of malaria.' Several reports have indicated the presence of hypercoagulability in malarial infection, particularly in
infections caused by Plasmodium falciparum, which is characterized by increase in inflammatory response, activation of
coagulation factors, low levels of coagulation inhibitors, destruction of platelets, chronic activation of endothelial cells (ECs),
disruption of the phospholipid structure of red blood cells (RBCs), and the generation of microvesicles (MVs).** Some of these
hypercoagulability factors have been linked to the development of disseminated intravascular coagulation (DIC) in Plasmodium
falciparum infection. Furthermore, thrombosis has been reported in cerebral malaria, a severe complication of Plasmodium
falciparum infection.

MVs are submicron membrane fragments, which are released from cells undergoing apoptosis and from activated cells,
mainly platelets.® MV are heterogeneous in size (ranging from 0.1 to 1.0 um) and content (containing antigenic features of their
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parent cells). Furthermore, MVs can be derived from almost all cell types in vivo and in vitro and can be found in blood, tissues,
urine, saliva, and all other body fluids. Elevated levels of MVs and tissue factor-bearing MVs (TF-bearing MVs) have been

9-11

observed in a broad range of physiological (such as during physical exercise’ and pregnancy)® and pathological conditions’ ' and

12-18 19,20

in infectious diseases, including parasitic infection (mainly malaria infection) < °, viral infection, and bacterial infection.*!

MVs have been proposed to play a key role in the pathogenesis, mediating inflammatory responses, severity and manifestation in
different type of malaria infection.'*'>!”

MVs play a key role in hemostasis, thrombosis, inflammation, cancer, angiogenesis, cell-to-cell communication, and waste
removal.*** In addition, MVs have the ability to drive prothrombotic tendency in many diseases,” and they are linked to
thrombosis and recurrent thrombosis.* The procoagulant activity of MVs is due to the anionic, or negatively charged,
phospholipids, mainly phospholipids, ie, phosphatidylserine (PS), exposed on their surface due to the flip-flop mechanism of
MV formation.> The anionic phospholipids enhance the binding of coagulation complexes and support thrombin generation
in vivo and in vitro.?® This procoagulant activity is enhanced in the presence of tissue factor (TF), the principal initiator of
coagulation.””*® Blood-borne TF and TF-bearing MV have been observed in the circulation of many diseases.

TF is an integral membrane protein that is sequestrated from circulation under normal physiological condition. TF plays
a major role in the activation of the coagulation system, and it is another procoagulant factor that contributes to
hypercoagulability.”?* Circulatory TF has been reported in malaria infection and has been shown to support coagulation
complexes.'®

The current study aimed to measure the levels of circulating procoagulant MVs and TF-bearing MVs in malaria
patients and correlate their levels with other hematological parameters and parasitemia, which could help in the better
understanding, management, and prediction of the severity of the disease and future complications.

Materials and Methods

Study Design

The current cross-sectional study involved 48 malaria infected patients (Plasmodium falciparum) and 42 age and sex
matched healthy controls residing in the Jazan region. Malaria infected patients were febrile patients diagnosed for
malaria using rapid test and blood smear examination (thick and thin films with Giemsa stain) from 4 different hospitals
in the Jazan region. The control group comprised only apparently healthy individuals.

Study Settings

The study was conducted in the Jazan region, located in the southwest of the Kingdom of Saudi Arabia.*

Blood Sampling

Venous blood was collected from each patient into ethylenediaminetetraacetic acid (EDTA) and sodium citrate-anticoagulant
tubes. Directly after collection, the EDTA tubes were used for complete blood count (CBC) analysis and for malaria diagnosis,
which were used for malaria diagnosis using malaria rapid diagnostic test (RDT). Further, thin and thick blood films were prepared
stained with diluted Giemsa stain. The sodium citrate-anticoagulant tube was used for the analysis of MVs and TF-bearing M Vs.

Microscopy
The thin and thick blood smears were stained and used to assess the presence of malaria infection and parasite density as
previously described.*” The parasite density was estimated as described by Fransisca et al.*® The parasite density was categorized

into four groups as follows: <100 parasites/uL; 100-999 parasites/uL; 1000-9999 parasites/uL; and >10,000 parasites/pL.>’

AllTest Malaria Pf./Pv. Rapid Test Cassette
This study used the AllTest Rapid Test—Malaria P.f./P.v. kit, product code IMPV-402 (Hangzhou AllTest Biotech, Hangzhou,
China). This RDT detects Plasmodium falciparum-specific HRP2 on the P-f. test line according to the manufacturer's guidelines.
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Complete Blood Cell Measurement
The EDTA tubes were used for CBC measurement using Sysmex XN-550 Hematology Analyzer (Sysmex, Kobe, Japan).

Plasma Preparation for the Measurement of MVs and TF-Bearing MVs

The sodium citrate tubes were centrifuged at room temperature for 30 min at 3000 rpm. Then, the plasma, the upper part of the
blood, was separated and centrifuged again at 13,000 rpm for 2 min to obtain platelet-free plasma (PFP). The PFP was stored at
—80°C for the MV and TF-bearing MV analysis.

Analysis of MVs and TF-Bearing MVs

The PFP was used for the measurement of (i) procoagulant MVs, using the Zymuphen MP-Activity enzyme-linked immuno-
sorbent assay (ELISA) Kit (Aniara Diagnostica, OH, USA), and (ii) TF-bearing M Vs, using the Zymuphen MP-TF ELISA Kit
(Aniara Diagnostica, OH, USA). The measurements were conducted according to the manufacturer’s instructions.

The Zymuphen MP-Activity assay relies on the detection of the procoagulant phospholipids—ie, the negatively
charged phospholipids, mainly PS—exposed on the surface of the MVs using Annexin-V streptavidin. The procoagulant
phospholipids on the MVs will support the binding of the bovine activated factor V-activated factor X complex (FVa-
FXa) and prothrombin added to the reaction mixture. This will allow the formation of the prothrombinase complex (FVa-
FXa) on the surface of the captured MVs. The prothrombinase complex converts prothrombin to thrombin. Then, the data
are expressed as nM PS equivalent. The Zymuphen MP-TF ELISA relies on the detection of TF on the outer surface of
MVs using plate coated anti-TF. The TF on the sample mixture will form a complex with the added activated factor II-
factor X (FVIIa-FX) known as TF-FVIla-FX complex. This allows the activation of FXa. The color development is read,
and the data are reported as pg/mL concentration of TF-bearing MVs.

Ethical Consideration

The current study was approved by the Jazan University Scientific Research Ethical Committee (Ref. No. REC42/1/122). Signed
informed consents were obtained from the adult study participants and from the children’s guardians. The study was carried out
according to the Declaration of Helsinki.

Statistical Analysis

The statistical analysis was performed using GraphPad Prism (version 8.0). The data in the current study are reported as

mean * standard deviation (SD). Chi-square test was applied for the analysis of the demographic data. Unpaired

Student’s #-test was used for group comparison. In addition, single-sample #-test was used for the evaluation of

correlation coefficients. Significant statistical differences were considered when p-values were less than 0.05.
Multivariate linear regression analysis was performed to assess the association of independent factors with malaria

infection in the study. Variables with p <0.05 were included for multivariate analysis.

Results

Demographic Characteristics

A total of 48 malaria infected patients (37 males and 11 females) and 42 healthy controls (33 males and 9 females)
matched in age and gender were recruited in the present study. The age range of the patient group was 3—61 (30.0 £ 14.3)
years, while that of the control group was 4-59 (30.4 £ 15) years. There were no significant differences in age and gender
between the study groups (p >0.5; Table 1). All the patients had Plasmodium falciparum infection.

Plasmodium falciparum Parasitemia
Overall, 15 patients had low parasitemia, 10 had mild parasitemia, 13 had moderate parasitemia, and three had high parasitemia.
Seven patients were excluded from the parasitemia evaluation as parasitemia was not observed in these patients.
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Table I Demographic and Hematological Characteristics for Malaria
Patients and Controls

Parameter Patients (n=48) | Controls (n=42) p-value
Male/female ratio 37/11 33/9 091
Age 30.0+14.3 30415 >0.5
WBCs (10%/L) 6.2+1.8 5.7%1.5 0.22
RBCs (10'%/L) 4.5+1.3 5.1£0.5 0.0038
Hb (g/dl) 11.4+2.9 14.3+1.3 <0.0001
Platelets (10°/L) 108186 330+64 <0.0001

Notes: Differences between the variables was determined using npaired t-Test for white
blood cells (WBCs), red blood cells (RBCs), hemoglobin (Hb) and platelets except for age
and gender (Chi-Ssquared test). Data are shown as mean+SD. Number (n).

Complete Blood Count Data

The CBC data for the patients and controls are shown in Table 1. The patients had slightly higher WBC count than the
controls (p >0.5), but it was within the normal range. The RBCs (p <0.01), hemoglobin (Hb) (p <0.0001), and platelet
count (p <0.01) were lower in the patients compared to controls and were statistically significant (Table 1).

Procoagulant MVs & TF-Bearing MVs

Malaria patients had significantly higher (~3.8 times) procoagulant MVs than the controls (46.4 + 14 vs 12.3 £ 9.0; p
<0.0001; Table 2 and Figure 1). Additionally, malaria patients had significantly higher (~13.0 times) TF-bearing MVs
than the controls (9.2 £ 13 vs 0.7 = 0.4; p =0.0001; Table 2 and Figure 1).

Correlation Studies of MVs and TF-Bearing MVs with RBCs, Hemoglobin, WBCs, and

Platelets

Correlation studies showed significant positive correlation between procoagulant MVs and TF-bearing MVs. Furthermore,
procoagulant MVs had significant negative correlation with platelet count (r = —0.6983, R squared = 0.4876; p <0.0001). TF-
bearing M Vs had negative correlation with platelet count in the studied population (patients and controls) (r=—0.2903, R squared
=0.08426; p = 0.0055; Table 3). In addition, a significant negative correlation was observed with procoagulant MVs and Hb (r =
—0.3623, R squared = 0.1313; p = 0.0004), while correlation with RBC count was not significant (r = —0.1788, R squared =
0.03198; p=10.0899; Table 3). On the other hand, TF-bearing MVs had no correlation with Hb and RBC count (p >0.05; Table 3).
Procoagulant MVs and TF-bearing MVs did not exhibit correlation with WBC count (p >0.05).

Multivariate Linear Regression of the MVs, TF-Bearing MVs, RBCs, Hb
Using stepwise multivariable analyses with MVs, TF-bearing MVs, RBCs, Hb, and platelets (Table 4). MVs ($=0.01, p
<0.001), Hb (B=—0.052, p =0.001), and platelets (B=—0.001, p <0.001) were significantly associated with malaria.

Classification of Procoagulant MVs and TF-Bearing MVs Based on Parasitemia Induced

by Plasmodium falciparum
The procoagulant MV levels varied with the parasitemia level as follows: moderate (49.3 = 12.5; n = 13) > mild (45.5 £
10.6; n=10) > low (42.6 = 13.1; n = 15) (p >0.05) but not in high parasitemia (33.9 + 7.0; n = 3). In addition, TF-bearing

Table 2 Levels of Circulating Procoagulant MVs and TF-Bearing MVs in Malaria
Patients and Controls

Parameter Patients (n=48) | Controls (n=42) p-value
MVs (nM) 46.4+14 12.3+9.0 <0.0001
TF-bearing MVs (pg/mL) 9.2%13 0.7+£0.4 0.0001

Notes: Differences between patients and controls were determined using unpaired t-Test. Data
are shown as mean+SD. Number (n).
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Figure | Levels of procoagulant microvesicles (A) and tissue factor-bearing microvesicles (B) in malaria patients (patients) compared to matched-healthy controls
(controls). (A) Levels of microvesicles in the plasma of the patients compared to controls. (B) Levels of tissue factor-bearing microvesicles in the plasma of the patients
compared to controls. Individual data are shown from malaria patients (n=48) and healthy controls (n=42) with the horizontal line representing the mean of data. The
differences between the patients and controls were determined using independent unpaired t-test.

MVs were elevated in moderate parasitemia. This trend was not observed with platelets, RBCs, and Hb (p >0.05;
Table 5). All mean values were non-significantly different between the three severity groups of malaria (ANOVA,
p >0.05).

Table 3 Correlation Between (i) Microvesicles (MVs), (ii) Tissue Factor-
Bearing Microvesicles (TF-MVs) and Hematological Parameters (RBCs,
Hemoglobin [Hb] and Platelets) in the Studied Population (Combined
Malaria Patients and Controls)

Parameter r R Squared p-value
MVs and TF-bearing MVs 0.4465 0.1994 <0.0001
MVs and platelets —0.6983 0.4876 <0.0001
MVs and RBCs —0.1788 0.03198 0.0899
MVs and Hb —03623 0.1313 0.0004
TF-bearing MVs and platelets —0.2903 0.08426 0.0055
TF-bearing MVs and RBCs 0.1380 0.01905 0.1920
TF-bearing MVs and Hb 0.02465 0.0006074 0.8166

Notes: Single-sample t-test was used for the evaluation of correlation coefficients.

Table 4 Multivariate Linear Regression of the Correlated
Parameters (MVs, TF-Bearing, Platelets, RBCs, Hemoglobin
[Hb]) with Controls and Patients with Malaria in Jazan Region

Multiaviate p-value
p Coefficients (95% CI)
MVs 0.01 (0.009 to 0.015) <0.0001
TF-bearing MVs 0.004 (—0.001 to 0.001) 0.08
RBCs 0.023 (—0.05 to 0.16) 0.52
Hb —0.052 (—0.08 to — 0.02) 0.001
Platelets —0.001 (—0.001 to —0.0.005) <0.0001
International Journal of General Medicine 2023:16 htps: 1209
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Table 5 Sub-Analysis of MVs, TF-Bearing MVs and Hematological Parameters According to the Level of Parasitemia in
Plasmodium falciparum Malaria Infection

Parameter Low Parasitemia Mild Parasitemia Moderate HighParasitemia | p-value
(n=15) (n=10) Parasitemia(n=13) (n=3)

MVs (nM) 42.6%13.1 45.5+10.6 49.3%12.5 33.9+7.0 0.35

TF-bearing MVs (pg/mL) 89+13.3 7.5£53 10.2+18.7 3.7+48 0.93

Platelets (10°/L) 10378 110+49 10790 124488 0.47

RBCs (10'%L) 4.5+0.9 4.8%1.1 5.01%1.3 32£1.2 0.28

Hb (g/dl) 10.8+2.5 12.9+2.7 12.3+2.8 9.143 0.6l

Notes: Data are shown as mean+SD. Number (n).

Discussion

The current study investigated the levels of procoagulant MVs and TF-bearing MVs in malaria patients. The findings of
this study reveal that the levels of circulating procoagulant MVs are higher in malaria patients compared to healthy
controls (Table 2 and Figure 1). These findings are consistent with those of previous studies, which reported increased

12716 and also in inflammatory conditions.'****? Campos et al suggested

levels of procoagulant MVs in malaria patients
that MVs play a role in the paroxysms of non-immune patients infected with Plasmodium vivax.'* In addition, MVs
contribute to the pathogenesis and mediate inflammatory response induced by Plasmodium falciparum'” and play a role
in the pathogenesis of severe malaria infection, including in neurological manifestation.'> Similar observation was
reported in experimental cerebral malaria, and the absence of high levels of MVs was protective in mice. The protective
mechanism is mainly due to the absence of the adenosine triphosphate (ATP)-binding cassette transporter A1 (ABCA1)
gene.”® The ABCAL is involved in the regulation of the transmembrane lipid, mainly PS, and in the flip-flop mechanism,
which is responsible for the formation of MVs.*> MVs also contribute to the enhanced formation and sequestration of
more MVs.*

In the current study, the increase in the level of procoagulant MVs was ~3.8-fold, which is higher than the increase reported
in dengue infection (~2.7-fold)*® and known hypercoagulable state condition of sickle cell disease (~2.5-fold)'® but less than
that of coronavirus disease of 2019 (COVID-19) infection (~5.6-fold).!” The method used in the study is a functional assay
that can detect the ability of the procoagulant MVs to support thrombin formation. MVs have the ability to support coagulation
complexes and subsequent thrombin generation in healthy individuals,”® in malaria infection,'® in other pathological
conditions with inflammatory mechanism, including human endotoxemia,*® and in cases of thrombosis (venous and arterial
thrombosis).** The procoagulant activity of MVs has been found to be 100 times that of activated platelets.*® The procoagulant
activity of MVs increased in the presence of TF, and the negative charges on the surface of MVs enhanced TE.*’ Elevated
levels of procoagulant MVs are considered a marker for prothrombotic tendency in many pathological conditions.***® In
addition, MVs-associated thrombin generation has been posited as a useful marker to predict the risk of recurrence in patients
with thrombosis.***® In vivo, procoagulant MV's and TF-bearing MVs have been shown to participate in the thrombus model
of vessel injury.*’

Endothelial cells release procoagulant soluble TF in response to inflammatory cytokines, including tumor necrosis
factor (TNF). Inflammatory cytokines, including TNF, are increased in malaria infection.'®*° The presence of circulatory
TF-bearing MVs has been linked to thrombosis, the severity and mortality of COVID-19,>**! and severe complications
in malaria infection. The current study reported a significant increase (~13-fold) in the level of active TF (TF-bearing
MVs) in the plasma of malaria patients. This observation has been reported previously in malaria infection'® and other
disorders.'”?**! TF expression by ECs has been reported in Plasmodium falciparum infection, which has the ability to
support coagulation complexes.'® The expression of TF from ECs is mainly driven by the effect of parasitized RBC and
parasitized RBC-derived MVs.'® The exact mechanism is not fully known, but it can be postulated that MVs contain
effective molecules that can be transferred to ECs. The presence of high level of circulatory TF-bearing MVs in the
current study is of concern, as this could be an early sign of future complications, including thrombosis.

Elevated levels of TF have been attributed to an increase the procoagulant activity in acute coronary syndrome, DIC,
and thrombosis.**** DIC is a common complication in complicated cerebral malaria.** The presence of fibrin clot,
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including D-dimer, fibrin degradation product, and soluble fibrin, and associated DIC is a feature of malaria infection,
especially complicated malaria.** The presence of TF has been observed in some patients with cerebral malaria, which
supports coagulation activation and fibrin deposition in the brain,'® and has been associated with DIC.** In a case report,
DIC was reported in a 56-year-old female with complicated Plasmodium falciparum infection.*’

Although the majority of circulatory MVs (70-90%) are derived from platelets in normal individuals at basal level,*
elevated levels of circulatory MVs derived from different cell types have been found in different disorders.*’” In malaria
patients infected with either Plasmodium falciparum or Plasmodium vivax, elevated levels of MV derived from platelets,
RBCs, ECs, and to lesser extent from monocytes have been observed and are associated with disease severity.'?'® The
current study showed inverse relationship between MVs and platelet count (P <0.05) and RBC count (P = 0.0899)
(Table 3). MVs have been found to correlate with thrombocytopenia and coma depth in cerebral malaria.'> The same
study reported no correlation between MVs and RBCs, which is similar to the present findings. Thrombocytopenia was
observed in the current study, as in previously published reports.'®> Plasmodium falciparum infection affects platelets and
directly contributes to thrombocytopenia,*® which is a feature of malaria infection regardless of its severity.*’ Platelets
play various roles in hemostasis, thrombosis, inflammation, immunity, and angiogenesis due to their wide array of stored
chemokines and chemoattractants;’® they play a similar role in malaria infection.”' Although thrombocytopenia is
a prominent feature of malaria infection, especially in severe malaria infection, it has not been proposed to be
a prognostic marker in children with cerebral malaria;’> however, MVs have been proposed as a novel prognostic
marker.'*"'” Thus, it is thought that most of the MVs in the current study might have been derived from platelets, RBCs,
and ECs. This justification could be explained by the involvement of platelets and RBCs in the pathogenesis of malaria
infection, and the role of both the cells in altering ECs is well-documented in the case of malaria infection.>* Moreover,
RBC destruction is a common feature of malaria infection.’® Parasitized red cells release 10 times more MVs than
unparasitized red cells in vivo and in vitro.'? Increased levels of circulatory endothelial- and platelets-derived MVs is
a feature of thrombocytopenia.”* Therefore, increased levels of circulating MVs derived from RBCs, platelets, and ECs
are expected.

The findings of the present study showed an association between elevated levels of MVs with parasitemia and RBC
count with parasitemia. The increase in the level of MVs with an increase in the load of the parasite can be used to predict
parasite load and for parasitemia evaluation. Mfonkeu et al observed no correlation between RBC-derived MVs and
parasitemia, which was possibly due to the treatment undergone by the patients in their study. In contrast, the present study
recorded an increase in the MV levels with increase in parasitemia levels from low to mild to moderate. Although,
thrombocytopenia frequently occurs in malaria infection, as mentioned previously, it can be used neither as a prognostic
marker nor to predict parasitemia. The present findings confirmed that thrombocytopenia varies based on the levels of
parasitemia (Table 4). Therefore, this study indicates that MV's might be used as a prognostic marker.'*!'” TF-bearing MVs
and Hb showed variations similar to that of thrombocytopenia. The highest MV levels were observed with moderate
parasitemia and not with high parasitemia. This can be attributed to the number of patients with high parasitemia in the
present study (high parasitemia patients [n = 3], moderate parasitemia [n = 13], mild parasitemia [n = 10], and low
parasitemia [n = 15]). It is worth mentioning that the statistical analysis was non-significant when comparing the MV levels
with parasitemia levels using unpaired ¢-test and one-way ANOVA.

As mentioned previously, the origin of the MVs in the current study was possibly from platelets and RBCs.
Nantakomol et al reported high levels of RBC-derived MVs in parasitemia induced by Plasmodium falciparum compared
to those induced by Plasmodium vivax and Plasmodium malariae."> The same study reported high levels of parasitemia
in severe malaria but not in uncomplicated malaria. Therefore, it remains unclear whether elevated levels of MVs and
their correlation with parasitemia can predict the severity and future complications of malaria infection, and further
studies are needed to elucidate these preliminary findings.

The regulation of the inflammatory response in early stages of malaria infection is crucial. A turning point in malaria
infection, which might lead to severe malaria, is the excessive production of pro-inflammatory cytokines due to
dysregulation of the inflammation process.”> MVs and TF play a role in fine-tuning regulation between hemostasis,
thrombosis and inflammation.’®*>” Moreover, the role of MVs and TF in driven inflammatory response in malaria
infection has been suggested.”® It is well-known that MVs are immunogenic®® and correlate with the levels of pro-
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inflammatory cytokine TNF in cerebral malaria,'® while TF is considered a structural membrane of class two cytokine
receptor family.®' In an in vitro study on mice infected with Plasmodium berghei, MVs were found to activate
macrophage and induce high inflammatory response, including TNF production.®> Moreover, MVs are active carriers
of effective mediators, such as TF, membrane components, chemoattractants, cytokines, and micro-RNA.2%6%63 [n the
brain vessels of patients with Plasmodium falciparum malaria, platelet MVs have been shown to transfer the antigenic
features of the platelet within MVs to infected RBCs, thus mediating the cytoadherence of the infected RBCs to ECs.'*’
MVs can internalize with infected Plasmodium falciparum RBCs.®® Moreover, MV's have been shown to fuse with other
cells ex vivo and in vitro.**®> Other vesicles (exosomes) have been shown to transfer the effective mediators by fusing
with the RBC membrane in Plasmodium falciparum infection, with possible involvement of Plasmodium falciparum
erythrocyte membrane protein 1 (PfEMP1) and Plasmodium falciparum erythrocyte membrane protein 3 (PfEMP 3).°¢
Whether PFEMP1 and PfEMP3 play a role similar to that of exosomes in the fusion of M Vs in malaria infection is not yet
fully clear and needs further investigation. MVs have been proposed to be a potential novel mediator in the prediction of
cerebral dysfunction in severe Plasmodium falciparum malaria.'®

The current study showed association of MVs, Hb, and platelets with malaria infection. The association of
hematological parameters including low hemoglobin and thrombocytopenia with malaria infection has been reported
previously.®”®® Therefore, understanding the exact role of the heterogenous MVs and TF-bearing MVs in malaria
infection and their interaction with other cells could contribute to clarifying the crucial association between prothrom-
botic tendency and inflammatory responses that lead to complications in malaria infection.

The limitations of the current study include the lack of complicated malaria patients as well as did not consider the
measurement of their inflammatory mediators, any thrombotic data, existence comorbidities of patients, and did not follow up
with patients. In addition, the current study applied a single technique (functional assay) to evaluate the procoagulant activity of
MVs and TF-bearing MVs, but combining different techniques including flow cytometry, transmission electron microscopy and
nanoparticle tracking analysis to characterize the type, origin, size and absolute count of MVs and TF-bearing M Vs will provide
amore comprehensive picture of the behavior in malaria infection. Nevertheless, the data generated in the current study are in line
and add to the growing field of MVs and TF-bearing research on malaria infection.

Conclusions

This study showed significantly elevated levels of procoagulant MVs and TF-bearing MVs in malaria patients; the MV
levels are linked primarily to platelet count and only to a lesser extent to RBCs. The procoagulant MVs and TF-bearing
MVs have the ability to support and initiate the formation of coagulation complexes, which contribute to the hypercoa-
gulability in malaria infection. The procoagulant activity of MVs and TF enhances the hypercoagulability state in
malaria, which increases the risk of prothrombotic tendency and augments the inflammatory responses. MVs and TF may
constitute a potential novel mediator in the prediction of prothrombotic tendency, augmentation of inflammatory
responses, and future complications in malaria patients. However, further research on the mechanism of the contribution
of MVs and TF-bearing MVs are needed to explain the exact contribution to the hypercoagulability and inflammation. In
addition, the association of MVs and TF-bearing MVs with other circulating ECs marker might explain the magnitude of
ECs contribution in malaria infection severity and complication.
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