
explain several pathomechanisms involved in these processes. 
Vascular endothelial cells are particularly susceptible to infection with 
the parasite, which is associated with oxidative stress and endothelial 
dysfunction. T. gondii exerts significant pathophysiologic role in 
altering actin cytoskeleton of endothelial cells, dysregulating vascular 
wall barrier function and changing microvascular and macrovascular 
wall morphology observed in patients with primary and secondary 
RP. Development of RP has been associated with administration 
of several drugs and biological agents, and may be linked with T. 
gondii infection because these medications also have antitoxoplasmic 
activity, and in some cases specific toxoplasmosis treatment alleviated 
underlying disease manifestations. Acute or chronic latent infections 
with the pathogen may be responsible for the increased blood 
viscosity and cryoglobulinemia in RP. The parasite probably also 
participates in the formation of large von Willebrand factor multimers 
and development of acquired von Willebrand syndrome. Blood 
volume expander hydroxyethyl starch administration, as well as the 
intravenous fundus fluorescein angiography probably induce RP 
specifically in the patients with latent T. gondii infection. Similarly, 
low weight, involuntary weight loss, and anorexia nervosa associated 
with RP may be caused by latent infection with that microbe in such 
individuals. Furthermore, these infections may also be responsible 
for the hearing disturbances reported in the workers with hand-arm 
vibration syndrome and RP. Moreover, it must be noted that the 
health improvements in both primary and secondary RP observed 
after treatment with vitamin D may be, at least in part, associated with 
its antitoxoplasmc activity. Finally, based on the available literature 
data it is suspected that SARS-CoV-2 reactivates latent T. gondii 
infection in the vascular endothelial cells and this coinfection may be 
responsible for worsening of clinical course and increased mortality 
in some patients during the 2020/2021 COVID-19 pandemic.
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ABSTRACT
Almost 160 years ago dr Maurice Raynaud described a clinical entity 
usually called Raynaud’s phenomenon (RP) manifesting as recurrent  
episodes of vasoconstriction involving peripheral small vessels of the 
fingers and toes exposed to cold, estimated at 3-5% of the world’s 
population and associated with increased mortality. T. gondii is a 
widespread intracellular parasite able to attack and proliferate in 
virtually all nucleated cells, and infecting approximately 30-50% of 
the world’s human population. but quite rarely manifesting clinically 
in immunocompetent individuals. The aim of this work was to present 
literature data linking development of primary and secondary RP 
with acute or chronic latent T. gondii infection, describe associated 
diseases and/or clinical events, biochemical abnormalities, and 
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B. T. gondii infection
This intracellular pathogen believed to be a global threat[48-50] 
infects approximately 30-50% of the human population, and 
ophthalmoimmunologists suggested that even some six billion people 
are chronically infected with T. gondii[49,51]. IgG seroprevalence 
against the parasite varied from 6.7% in Korea[52], 47-50% in France 
and Germany[53,54], to 98% in some regions[55]. In the US, T. gondii 
is responsible for approximately million infections each year, and 
the overall antibody seroprevalence among individuals ≥ 6 yrs of 
age in 2011-2014 was 13.3%[56,57]. The global annual incidence of 
congenital toxoplasmosis was estimated to be 190 100 cases (95% 
CI: 179 300-206 300)[58], sometimes causing epidemics[59]. In general 
population toxoplasmosis was the second most common foodborne 
parasitic disease (10.3 million cases, 95% uncertainty intervals 7.40-
14.9 million)[60]. The frequency of T. gondii infection was found to 
increase significantly with age in persons aged 66-75 years[51,57,61]. 
    Toxoplasmosis is an opportunistic disease and the intracellular 
parasite is highly pathogenic especially for immunocompromised 
individuals[62-64]. In immunocompetent persons T. gondii infection is 
believed to be asymptomatic[63,64], but an increasing body of literature 
data strongly suggests that the pathogen is emerging as a neglected 
global health threat[48,50,62]. The parasite is omnipresent, and exposure 
to kittens and raw or uncooked foods are the main risk factors for T. 
gondii infection in the United States[65]. Contamination of drinking 
water with the parasite oocysts contributes to their widespread 
dissemination[66]. In North America, Europe, and Africa, there are 
three dominant lineages of T. gondii called type I (e.g. RH and GT1), 
type II (ME49), and type III (VEG), which differ in prevalence, 
virulence, migratory capacity within the host, and ability to convert 
to the bradyzoite cyst phase[67,68].
    Several authors documented that T. gondii infection was associated 
with weight loss, hypermetabolism, cachexia, and anorexia nervosa 
[69-71], and low-grade immune-activation with elevation of circulating 
IL-6 has been observed in certain diseases states, as well as in several 
healthy elderly individuals[72-77]. For example, anorexia nervosa was 
reported in autistic women[78,79], and in children and adolescents 
with systemic lupus erythematosus (SLE)[80]. On the other hand, the 
parasite has also been linked with overweight and obesity[73,81,82]. 
    Studies showed that the seroprevalence of toxoplasmosis 
correlated with various specific disease burden and therefore may be 
regarded as a neglected triggering factor responsible for development 
of many clinical entities[50,73,83]. Carter[84] related the parasite 
interaction with approximately 3000 host genes or proteins with 
several neurodegenerative diseases, including schizophrenia[85,86], 
and interestingly, the contribution of NOS1 gene polymorphism to 
the development of this entity has been shown[87,88]. It must be noted 
that particularly IFN-γ[89-94] and NO[94-99] play critical roles in the host 
defense during latent acute and chronic T. gondii infection. 
    The aim of the present study was to determine whether T. gondii 
infection is associated with development of primary and secondary 
RP in general healthy population of infants, older children and adults, 
as well as in patients with various diseases since this is a common 
pathogen with worldwide distribution, usually transmitted to humans 
by ingestion of food and water contaminated with oocysts shed 
by cats, and in pregnant women its vertical transmission to fetus 
may lead to congenital disease. In addition, in immunocompetent 
individuals toxoplasmosis is usually asymptomatic or difficult to 
establish proper diagnosis, and so far available laboratory tests are 
not fully specific and/or sensitive[100]. 
    Finally, an important potential link between T. gondii infection and 
COVID19 pandemic has also been shortly presented because human 
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I. INTRODUCTION
A. Raynaud’s phenomenon (RP)
In 1862, Maurice Raynaud as a medical student in Paris described 
a phenomenon of “local asphyxia and symmetrical gangrene of the 
extremities” in 20 women and 5 men, being a part of his doctoral 
thesis[1-5]. At present, RP is de fined as recurrent, reversible episodes 
of va soconstriction involving peripheral small vessels of the fingers 
and toes, and sometimes also nose, ears, lips, tongue, oral mucosa, 
or nipples[6,7], and associated with ischemia of tricolor pattern 
(white to blue to red) when exposed to cold environment and/or 
emotional stress[8,9]. These abnormalities are manifested clinically 
by transient attacks of distal swelling, pain, burning, numbness, and/
or paresthesia[10,11]. RP is divided into primary RP (PRP) (Raynaud’s 
disease; idiopathic RP) (80-90%)[12] with a relatively mild course, 
and secondary RP (SRP) (Raynaud’s syndrome), which is quite often 
associated with several autoimmune diseases, broad range of medical 
conditions, physical-, chemical-, and drug-related causes, and with 
development of vascular structure and function abnormalities[8-10,13-16]. 
    A prevalence of RP is estimated at 3-5% of the general population 
and may be higher in those living in cold climates geographic regions 
[17,18]. The highest median prevalence was found in the USA (7.8% in 
women, 5.8% in men)[19], and the lowest worldwide prevalence was 
reported in Japanese population (2.1% in women, 1.1% in men)[20]. 
RP is frequently observed in the so called “healthy population”[21-23]. 
This clinical entity was described in newborns, infants, older children, 
and adolescents[24-32]. In young women (15-30 years old) with low 
blood pressure RP is diagnosed earlier and more frequently[33,34]. Low 
body weight and unintended weight loss may be associated with 
RP[35], while people with obesity were positively correlated only with 
secondary RP[36,37]. Nb. the vasoconstriction threshold was found to 
be increased in obese individuals[38]. Risk factors and associations for 
RP included female gender (9:1 female-to-male ratio), family history, 
smoking, manual occupation, migraine (in one study migraine 
was detected in 37.9% of 58 children with RP [31]), cardiovascular 
disease, and marital status[18]. It is believed that genetic predisposition 
play a role in development of RP because familial and twin studies 
demonstrated that 30-50% of patients with primary RP have a first-
degree relative suffering from the entity[16,18,39-42]. Munir et al[43] 
reported that RP was connected with variation in gene nitric oxide 
synthase 1 (NOS1), and otherwise it is known[44]that inducible NOS 
(iNOS) is an important host factor for T. gondii-dependent disruption 
of the IFN-γ-induced antiparasitic response in humans. 
    RP was found to be associated with increased mortality, especially 
among older adults, and in whites specifically the condition was 
linked with increased cardiovascular disease-related death[45]. 
Mortality was higher in men than in women (p < 0.0001), and highest 
mortality rates were observed in patients with a concomitant presence 
of abnormal nailfold capillaries and antinuclear antibodies[46]. Chronic 
inflammatory state associated with a markedly decreased hemoglobin 
concentration appeared to be most strongly related to mortality in 
patients with RP[47].
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vascular endothelial cells are particularly susceptible to persistent 
infection with these two pathogens, and such comorbidity may 
result in reactivation of the parasite in some individuals leading to 
worsening of clinical course and increased mortality of the host.

II. VASCULAR ENDOTHELIAL CELLS (VECs) 
PARTICULAR SUSCEPTIBILITY TO T. GONDII 
INFECTION IS ASSOCIATED WITH OXIDATIVE 
STRESS AND ENDOTHELIAL DYSFUNCTION 
A. T. gondii infection of VECs
The endothelial cells are critically important for the delivery of 
nutrients and oxygen throughout the body, but they also contribute to 
pathology including triggering and persistence of inflammation[101]. 
Tropism of different pathogens for particular cell types and/or specific 
tissue sites was a long-recognized biological phenomenon[102]. T. 
gondii is disseminating in the body in a Trojan horse-manner in 
various eukaryotic cells, including endothelial cells and macrophages, 
and division rate of intracellular unprimed tachyzoites in endothelial 
cells, monocyte-derived macrophages, peritoneal, or alveolar cells is 
rapid (Table 1)[103]. 
    Human retinal endothelial cells are more susceptible to infection 
with tachyzoites than other subpopulations of endothelial cells[102,119]. 
Smith et al[102] found that retinal VECs have enhanced susceptibility 
to infection with T. gondii tachyzoites in comparison with aorta (55% 
more), umbilical vein (33%), and dermal endothelial cells (34%). The 
parasite adhesion to vascular endothelium was observed even during 
disturbed blood flow characteristic for atherosclerosis[120-122]. The 
analysis of invasion kinetics of two T. gondii strains, RH (virulent) 
and ME49 (nonvirulent) in two human vascular endothelial cell 
types, HMEC-1 (skin microvasculature) and HUVEC (umbilical cord 
vein vasculature) established that surprisingly the less virulent strain 
invaded a greater proportion of cells than the more aggressive RH 
strain[123]. These observations were in line with the earlier findings of 
other authors[124] who showed in vitro that RH tachyzoites invaded 
lower proportion of rat brain microvascular endothelial cells than 
those of ME49 strain. It appeared that an intracellular environment 
low in reactive oxygen species (ROS) or reactive nitrogen 
intermediates (RNI) and/or high in iron or tryptophan facilitated 
tachyzoite proliferation[114,117,125].
    T. gondii tachyzoites translocate across polarized monolayers 
of mouse brain endothelial cells and human intestinal CaCo2 cells 
without significantly perturbing barrier impermeability and with 
minimal change in transcellular electrical resistance. In contrast, 
challenge with parasite lysate or lipopolysaccharide (LPS) increased 
barrier permeability by destabilizing intercellular tight junctions and 
accentuated transmigration of the pathogen[126]. Kondradt et al[121] 
demonstrated that replication in and lysis of endothelial cells are 
required for parasites to invade the central nervous system (CNS). 
Analysis of acutely infected mice revealed significant numbers of 
free parasites in the blood and the presence of infected endothelial 
cells in the brain vasculature. It was documented that  many of the 
infected ECs were present in smaller blood vessels, and it was found 
that over 80% of the infected ECs were in vessels with a diameter 
of less than 10 μm[121]. Foci of T. gondii were observed surrounding 
microvessels in mice during acute infection[121] and reactivation 
of latent infection[127], indicating that the parasite enters the brain 
through the vascular endothelial cells, by breaching the blood-brain 
barrier[128].
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Table 1 Division rate of intracellular T. gondii tachyzoites in primary 
human cells in vitro (acc. to Channon et al [103]; with own modification).

Cell type

Parasite 
division 
rate 
Unprimed

IFN-γ 
primed Mechanism Refs

Hemopoietic

Lymphocyte S [103]

Neutrophil S [103-105]

Adherent monocyte S [105-110]

Nonadherent monocyte R R ROS; 
not TS

[103, 
107]

Dendritic cell R [103]

Alveolar macrophage R S Partly TS [110]

Peritoneal macrophage R S [111]
Monocyte-derived 
macrophage R S ROS; 

not RNI [109-112]

Nonhemopoietic

Neuron S [113]

Foreskin fibroblast R S TS [114, 
115]

Umbilical vein endothelial cell R S TS or ROS; 
not RNI [93, 109]

Retinal pigment epithelial cell R S TS [116]

Fetal astrocyte R S RNI [113, 
117]

Fetal microglial cell R R [118]
R, rapid; S, slow; RNI, reactive nitrogen intermediates; ROS, reactive 
oxygen species; TS, tryptophan starvation.

B. T. gondii infection of VECs causes oxidative stress and 
endothelial dysfunction 
Estato et al[129] showed that mice infected with T. gondii had enhanced 
leukocyte adhesion to the endothelial cells leading to endothelial 
dysfunction. In acute toxoplasmosis treatment with sulfadiazine 
improved endothelial dysfunction through reduction of parasitic 
load and a decrease of endothelial inflammation. In patients with 
acute toxoplasmosis statins also exerted beneficial effects because 
they inhibit the adhesion, replication and proliferation of the parasite 
in HeLa cells[130]. Moreover, it was reported that verapamil (a 
calcium ion antagonist) ameliorated in vitro structural, functional, 
and metabolic alterations in human cerebrovascular endothelial 
cells during T. gondii infection[131]. This is not surprising because 
the discharge of micronemes (adhesive proteins of T. gondii) is 
stimulated by contact with host cells and this process is regulated 
by increases in intracellular calcium within the parasite[132], due to 
phosphatidic acid-mediated signaling[133]. In addition, gliding motility 
of the parasite is controlled by secretion of microneme proteins and 
factors that alter calcium fluctuation in the cytosol, while chelation of 
intracellular calcium blocked parasite motility[134]. 
    Several authors reported that toxoplasmosis causes oxidative 
stress and endothelial dysfunction, and markedly increased serum 
malondialdehyde (MDA), endothelin-1 (ET-1), IL-6, NO, as well 
as decreased glutathione levels are characteristic for T. gondii 
seropositive patients[135-137]. Oxidation of low density lipoproteins 
results in the formation of reactive aldehyde products, such as 
MDA, which is the most abundant molecule arising from lipid 
peroxidation[138,139]. A significant increase in serum ET-1 (a potent 
vasoconstrictor produced by VECs)  concentrations reflects 
endothelial dysfunction in various chronic infections[140]. IL-6 is 
regarded as a biomarker of endothelial dysfunction[141] because it 
causes increased intracellular replication of the parasite[76]. Finally, 
NO is a source of RNI generation[142,143], and inhibits T. gondii 



multiplication[94,144]. Recently Al-Kuraishy et al[135] reported that 
patients with acute toxoplasmosis had markedly increased serum 
ET-1, IL-6 and MDA levels compared with controls (Table 2). It 
appeared that serum IgM level concentrations significantly correlated 
with IgG (r = 0.55, p < 0.001) and other analyzed bioparameters (ET-
1, r = 0.51, p = 0.003; IL-6, r = 0.45, p < 0.01; MDA, r = 0.85, p < 
0.0001)[135]. Similar results have been reported by Karaman et al[136], 
and Al-Azzauy et al[137] (Tables 3 and 4).
    It must be noted that free T. gondii tachyzoites cross endothelial 
cells via intercellular adhesion molecule-1. In addition, monocytes 
and dendritic cells (DCs) are highly permissive for the parasite due 
to different susceptibility for binding to tachyzoites. These changes 
stimulate monocyte adhesion to the vascular endothelium resulting 
in marked endothelial dysfunction[135,145]. In addition, the pathogen 
causes the subversion of the migratory functions of parasitized DCs and 
monocytes, because DCs adopt a hypermigratory phenotype to promote 
infection-related dissemination[146,147]. Recent reports showed that the 
activated signaling pathways converge on the small GTPase Ras to 
activate the mitogen-activated protein kinase (MAPK) and extracellular 
signal regulated kinase (Erk) signaling cascade, a central regulator of 
cell motility, and three known so far T. gondii-derived proteins have 
been linked to hypermigration: Tg14-3-3, TgWIP and ROP17[147]. 

C. Increased frequency of SRP and endothelial dysfunction 
among hemodialysis (HD) patients is associated with a high 
prevalence of T. gondii infection
Interestingly, small vessel dysfunction diagnosed as positive RP is 
a frequent finding in HD patients. Czupryniak et al[148] reported that 
RP diagnosed with cold stress test and thermography was found 
significantly more often in HD patients than in controls (11/21 vs. 
1/10, p = 0.04). This abnormality occurred in both hands in 7/11 
patients, and plasma total homocysteine and von Willebrand factor 
(vWF) antigen were markedly higher in the RP-positive than RP-
negative patients or controls[148]. Of note, hyperhomocysteinemia is 
regarded as an independent risk factor for vascular disease[149], and 
plasma homocysteine levels were found to be higher in patients with 
SRP than patients with PRP and healthy controls[150].
    Several authors reported  that patients with end-stage renal disease 
on HD have a high prevalence of T. gondii infection and therefore 
they are a group at risk for toxoplasmosis[148-153]. In such patients, 
Saki et al[152] found the parasite also in the whole blood, indicating 
disseminated infection probably due to reactivation of chronic 
toxoplasmosis. 

IIIA. IMPORTANT ROLE OF THE Rho FAMILY 
OF SMALL GTPases IN CHANGES OF AC-
TIN CYTOSKELETON AND CELLULAR FUNC-
TIONS LEADING TO DISTURBANCES IN VAS-
CULAR ENDOTHELIAL BARRIER MORPHOL-
OGY AND FUNCTION IN PATIENTS WITH PRP 
AND SRP. EFFECTS OF THESE MOLECULAR 
SPECIES ON DEVELOPMENT OF MICROCIR-
CULATION ABNORMALITIES OBSERVED IN 
CONNECTIVE TISSUE DISEASES (CTDs). SIG-
NIFICANT PATHOPHYSIOLOGIC ROLE OF 
T. GONDII INFECTION IN THE GENERATION 
OF THESE IRREGULARITIES 
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Table 2 Serum IgM, IgG and IgA, and some proinflammatory and 
oxidative stress biomarker levels in patients with acute toxoplasmosis 
and healthy controls (acc. to Kuraishy et al [135]; with own modifications)
Parameters Patients (n = 31) Controls (n = 20) P

IgM, g/L 3.6 ± 2.99 1.2 ± 0.8 0.001

IgG, g/L 22.96 ± 9.57 4.31± 2.95 0.000

IgA, g/L 4.72 ± 2.54 1.99 ± 0.51 0.000

IL-6, pg/mL 3.22 ± 1.01 1.88 ± 0.51 0.001

ET-1, pg/mL 7.29 ± 4.59 3.11 ± 1.69 0.000

MDA, nM/mL 9.34 ± 4.17 2.87 ± 1.13 0.000
Values are expressed as mean ± SD. ET-1, endothelin-1; MDA, 
malondialdehyde. Results statistically significant at p < 0.05.

Table 3 Serum glutathione (GSH), malondialdehyde (MDA), and nitric 
oxide (NO) concentrations in T. gondii-seropositive patients and healthy 
controls (acc. to Karaman et al. [136]; with own modification)

Bioparameter Group No of 
participants

Serum levels
(mean ± SD) P values

GSH Patients 37 3.96 ± 0.10 0.001
Controls 40 10.37 ± 0.13

MDA Patients 37 41.32 ± 2.05 0.001
Controls 40 9.18 ± 1.21

NO Patients 37 47.47 ± 1.00 0.001
Controls 40 39.18 ± 1.29

Values are means ± SD. Results statistically significant at p < 0.05. Serum 
GSH and NO levels are expressed as μmol/L, and MDA concentrations 
represent nmol/L.

Table 4 Erythrocyte malondialdehyde (MDA), glutathione (GSH) nitric 
oxide (NO) concentrations in patients with T. gondii infection and healthy 
controls (acc. to Al-Azzauy et al [137]; with own modification)

Group Erythrocyte 
MDA (nM/g Hb)

Erythrocyte 
GSH (nM/g Hb)

Serum NO 
(μM/L)

Patients with T. gondii 
infection (n = 50) 20.75 ± 2.06 2.10 ± 0.10 48.47 ± 0.30

Controls (n = 30) 4.43 ± 1.65 6.95 ± 1.21 42.38 ± 0.30

P < 0.001 < 0.001 < 0.001

Values are means ± SD. Results statistically significant at p < 0.05.

A. General remarks. 
Cell migration is an essential feature of eukaryotic life, necessary 
for various processes including feeding, phagocytosis, development, 
immunity, and tissue healing. Migration requires the actin 
cytoskeleton, specifically the localized polymerization of actin 
filaments near the plasma membrane[154].
    Actin is the most abundant protein in mammalian cells and 
constitutes about 10% of total protein in endothelial cells[155,156]. 
The actin cytoskeleton is a major determinant of cell morphology 
and polarity and the assembly and disassembly of filamentous actin 
structures, providing a driving force for several processes including 
cell motility, phagocytosis, growth cone guidance, and cytokinesis[157]. 
    Polymerization of actin is a common response of highly motile 
cells to chemoattractants[158-160], and this ability in a directional way is 
important for motility and regulation of cell shape[161]. The majority 
of cells use a combination of actin-myosin-based contraction and 
actin polymerization-based protrusion to control their shape and 
motility[161]. 
    Actin assembly contributes a major force for cell movement, 
especially by driving the protrusions such as lamellipods and 
filopods that propel the leading edge. Actin powers protrusions by 
polymerizing just under the plasma membrane. The cell has two 
main choices of filament geometry, i.e. branched filaments leading to 
sheet-like protrusions, or long parallel or bundled filaments leading 
to generation of spikes[154].
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    Polymerized actin is spatially organized in all eukaryotic cells 
into a variety of structures, including cytoplasmic stress fibers or 
cables, the cortical actin network at the plasma membrane, surface 
protrusions (lamellipodia and microspikes) or the contractile ring 
formed during cell division. In addition to maintaining cell shape, the 
actin networks can specify cell polarity, drive cell movement and cell 
division[162,163]. 
    It must be noted that the ability to reorganize actin filaments is 
also a key property of embryonic cells during development, and 
for example, the cell shape changes associated with gastrulation 
and dorsal closure are dependent on the plasticity of the actin 
cytoskeleton, while the ability of cells or axons (cell extensions) to 
migrate within the developing embryo requires quick and spatially 
organized changes to the actin cytoskeleton in response to many 
external environment factors[157].

B. The Rho family of small GTPases 
These proteins control cell motility and morphology in response to 
extracellular stimuli. The organization of the actin cytoskeleton can 
be regulated by soluble factors that trigger signal transduction events 
involving the Rho family of GTPases (guanosine triphosphate (GTP) 
hydrolase enzymes (GTPases) - small signaling G proteins with m.w. 
~ 21 kDa)[164-166]. Most Rho GTPases are subgrouped to various Rho 
families depending on their degree of homology: Rho (Ras homolog 
gene family), Rac (Ras-related C3 botulinum toxin substrate), 
and Cdc42 (cell division control protein 42 homolog)[166,167]. The 
approximately 20 Rho proteins can be divided into 5 groups: the 
Rho-like, Rac-like, Cdc42-like, Rnd, and RhoBTB subfamilies. 
The Rho-like subfamily are all very similar in sequence and when 
overexpressed as activated proteins they contribute to contractility 
and formation of stress fibers and focal adhesions[167]. 
    The Rho GTPases have been identified as eukaryotic master 
molecular switches taking part in many signal transduction pathways, 
mainly in regulation of the actin cytoskeleton[162,168]. It was established 
that Rho and Rac act on different pools of actin to trigger cytoskeletal 
changes. Because adhesive interactions are capable of organizing the 
actin-based cytoskeleton, Clark et al[164] examined the role of Cdc42, 
Rac-, and Rho-dependent signaling pathways in regulating the 
cytoskeleton during integrin-mediated adhesion and cell spreading, 
and found Rho dependence of the assembly of large focal adhesions 
from which actin stress fibers radiate. Initial adhesion to fibronectin 
also stimulated membrane ruffling which is dependent on both 
Cdc42 and Rac. In addition, it was reported that Cdc42 controls the 
integrin-dependent activation of extracellular signal-regulated serine/
threonine kinase Erk2 or Akt (a kinase whose activity is dependent 
on phosphatidylinositol (PI) 3-kinase)[164,169]. 
    Activated RhoA is capable of stimulating microfilament bundling 
in serum-starved fibroblasts that are already adherent[170], Rho is also 
essential for the formation of focal complexes[171]. The Rho-family 
member Rac controls growth factor-stimulated membrane ruffling 
and formation of lamellipodia[170], while Cdc42 activation triggers 
the extension of filopodia[161,172,173]. Rac-induced lamellipodia are 
generated through localized actin polymerization at the cell periphery, 
which is independent of integrin complex assembly, while Rho-
induced stress fibers are produced by integrin-independent bundling 
of actin filaments and integrin-dependent reorganization into parallel 
contractile bundles[161]. In contrast to cell adhesion, it was found that 
the process of cell spreading is dependent on Cdc42, Rac, and Rho 
[164].
    Rho proteins have been reported to regulate many cellular 
activities besides the cytoskeleton and cell adhesion, such as cell 

polarity, endocytosis, vesicle trafficking, progression through the cell 
cycle, differentiation, oncogenesis and gene transcription[167,174]. In 
addition, Rho GTPases have many regulatory roles in host-pathogen 
interactions and host defense, including maintaining epithelial 
barriers, leukocyte migration, phagocytosis, T cell-APC (antigen 
presenting cell) interaction, and NF-κB (nuclear factor kappa-light-
chain-enhancer of activated B cells) regulation[169].
    Finally, it must be noted that rapid ROS mitochondrial generation 
in smooth muscle cells may contribute to cold-induced vasospasm 
occurring in RP because cold causes translocation of α2C-
adrenoceptors from the trans-Golgi to the plasma membrane, mediated 
by cold-induced activation of RhoA and Rho kinase signaling[175]. 

C. Important role of vascular endothelial cadherin (VE-cadherin) 
in ensuring microvascular wall integrity
Vascular wall leakage is observed in many pathological states and 
diseases and the endothelium forms a selective semi-permeable 
barrier controlling bidirectional transfer between blood vessel and 
the surrounding tissues. Endothelial permeability is regulated by the 
dynamic opening and closure of cell to cell adherens junctions (AJs). 
In endothelial cells, AJs are largely composed of VE-cadherin[176,177]. 
These biomolecules recruits catenins (mainly β-and p120-catenins) 
and bridge VE-cadherin multimers to the actin cytoskeleton via actin 
binding proteins[178-180]. β-catenin dephosphorylation, together with 
VE-cadherin mobility, contribute to endothelial cell-cell junction 
stabilization[177,181].
    The small GTPases Rho and Rac are required for the establishment 
of VE-cadherin-dependent cell-cell contacts[182]. Actin, VE-cadherin, 
and associated binding proteins form a mechanosensing complex 
in endothelial cells[183]. The vascular endothelium is exposed to 
diverse mechanical signals that regulate vascular endothelial barrier 
morphology and function. In addition to rigidity sensing through 
integrin adhesions, mechanical perturbations such as changes in blood 
flow shear stress can also activate intercellular force transduction 
signals. It was demonstrated that specifically perturbing VE-cadherin 
receptors activated these signals that increased integrin-dependent 
cell contractility and disrupted cell-cell and cell-matrix adhesions[184]. 
These processes may finally lead to development of abnormalities in 
vascular wall morphology. 

D. Effects of the Rho family of small GTPases on development of 
the microcirculation morphological abnormalities in CTDs 
1. Clinical manifestation of peripheral microcirculation disorders 
is RP which may precede autoimmune CTDs many years, or 
accompany them[185,186]. Gorski et al[187] studied 66 pediatric and 
adolescent patients (42 girls) aged 6-19 years (mean age 14.5 ± 
4.52 SD; 34 with undifferentiated RP and 32 with SRP). Analysis 
of capillary parameters in patients with RP showed a significantly 
more frequent presence of irregular arrangement, tortuous and/
or meandering capillaries, and giant capillaries in the group of 
adolescents older than 15 years. The authors suggested that these 
abnormalities are associated with subclinical vasculitis[187]. 
    In nailfold videocapillaroscopy, Gorski et al[187] in their patients 
with RP frequently observed “scleroderma pattern” images. They 
found a markedly more frequent occurrence of giant capillaries (p = 
0.008), microhemorrhages (p = 0.031), and a significantly reduced 
number of capillaries in patients with RP compared to healthy 
controls (p = 0.015). Scleroderma-type or nonspecific abnormalities, 
such as lack of morphological homogeneity of capillaries, tortuous 
or enlarged capillaries, local hemorrhages, or capillary loss have 
been also reported in patients with RP and several other CTDs 
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including systemic sclerosis, rheumatic disease, SLE, Sjögren’s 
syndrome, dermatomyositis, CREST calcinosis, and mixed or 
undifferentiated CTDs[9,34,186]. Various authors postulated evolution 
of these abnormalities to CTDs because 15-20% of the patients with 
“scleroderma pattern” developed CTD in 2-10 years[187-189].
    2. Common features at the onset of pediatric SSc are RP (70%) 
and skin changes of hands (60%) including edema, sclerodactyly and 
induration of hands proximal to the metacarpals[190,191]. Throughout 
the course of the disease, almost all pediatric patients will have 
RP and skin changes of the hands (96-97%)[192]. The prevalence 
of nailfold capillary changes in pediatric SSc was reported to be 
50%[190,192], and the capillaroscopic abnormalities included dilatation, 
tortuosity, hemorrhage, avascularization and later arborization of the 
capillaries[193]. Arterioles were more narrow and stiff due to marked 
intimal hyperplasia and fibrosis caused by endothelial dysfunction 
[191,194]. 
    3. Cutolo et al[195] analyzed results of 40 microcirculation studies 
in patients with SLE using nailfold capillaroscopy and found that 
tortuous capillaries, abnormal morphology and hemorrhages were 
markedly more prevalent in SLE participants compared to controls, 
while hairpin-shaped capillaries were less often found. It was 
also revealed that frequency of RP attacks and digital gangrene 
significantly correlated with dilated capillaries.

IIIB. SIGNIFICANT PATHOPHYSIOLOGIC 
ROLE OF T. GONDII INFECTION IN ALTER-
ING ENDOTHELIAL CELLS, DYSREGULATING 
BARRIER FUNCTION AND CHANGING MI-
CROVASCULAR WALL MORPHOLOGY
A. Induction of gene expression changes in T. gondii infected 
endothelial  cells  causes many biochemical and other 
pathophysiologic abnormalities 
T. gondii infects and replicates in vascular endothelial cells and 
induces gene expression changes leading to an altered transcriptional 
profile of infected endothelial cells. Several of the genes in these 
pathways are involved in inflammatory responses and signaling, as 
has been previously reported during T. gondii infection of other cell 
types[196-198]. Recent RNA sequencing studies comparing genome-
wide transcriptional profiles of the infected to uninfected endothelial 
cells demonstrated changes in gene expression associated with cell-
cell adhesion, extracellular matrix reorganization, and cytokine-
mediated signaling[199]. Studies of Franklin-Murray et al[199] showed 
that T. gondii infection of human umbilical vein endothelial cells 
altered cell morphology and dysregulated barrier function, increasing 
permeability to low-molecular weight polymers. The pathogen 
disrupted vascular endothelial VE-cadherin and β-catenin localization 
to the cell periphery and reduced VE-cadherin protein expression. 
Infection with the microbe led to reorganization of the host 
cytoskeleton by reducing filamentous actin stress fiber abundance 
under shear stress conditions and by decreasing cell polarity[199]. It 
must be noted that lysophosphatidic acid (LPA) and sphingosine-
1-phosphate (S1P) - two molecular products of T. gondii[200,201]  
induce stress fiber formation through activation of Rho[161,202,203]. Nb. 
S1P regulates many cellular processes important for inflammation 
and immune responses that include cell growth, differentiation, 
lymphocyte trafficking, vascular integrity and cytokine/chemokine 
production[204]. Lastly, T. gondii infection renders cells resistant to 
multiple proapoptotic signals, and both PI 3-kinase pathway and the 
immediate downstream effector protein kinase B (PKB/Akt) play 

important roles in cell survival and apoptosis inhibition[205,206]. 

B. Biogenesis of parasite endomembranes and PV
Charron et al[207] demonstrated the ability of T. gondii to divert and use 
lipid resources from its host that may contribute incorporated into the 
surrounding vacuolar membrane[207]. The apicoplast-localized fatty 
acid synthesis (FAs) has the capacity to utilize FAS type II pathway 
and form LPA to the biogenesis of parasite membranes[207]. Lipids 
were found to be compartmentalized into parasite endomembranes and 
some of them, including phosphatidic acid (PA) and small molecular 
weight fatty acids, are key precursors used for bulk membrane 
biogenesis and parasite survival[208-212]. Intracellular PA is produced 
through the reversible reaction of diacylglycerol kinase 1 (DGK1) and 
PA phosphatases[200]. It was also demonstrated that T. gondii possesses 
a single cytosolic acetyl-CoA synthetase, which is involved in 
providing acetyl-CoA for the essential fatty acid elongation pathway 
to generate FAs used for membrane biogenesis[210]. 

C. T. gondii invasion and egress from host cells
The pathogen host cell entry and egress are main steps in the lytic 
cycle of the parasite, making sure its survival and dissemination. 
T. gondii invades the host cells using its ability to move by gliding 
motility, which depends on the endocytic-secretory cycle[213]. 
It is noteworthy that the rapid onset of hypermotility in the 
parasite infected DCs (a hypermigratory phenotype) associated 
with migratory activation has been reported in connection with 
cytoskeletal rearrangement in a metastatic breast cancer cell line 
[214,215]. The actin-myosin-system of the parasite plays a key role in 
the formation and release of attachment sites during this process. 
Pezzella-Alessandro et al[216] in their 3D reconstruction model 
showed that the myosin distribution overlapped that of actin, and 
calmodulin was concentrated at the center of the apical pole of 
the T. gondii tachyzoite. The secretory-endocytic cycle leads to 
recycling of receptors (integrins), required to form such attachment 
sites, regulation of surface area during motility and generation 
of retrograde membrane flow. Gras et al[213] demonstrated that 
endocytosis functions during gliding motility in T. gondii and appears 
to be pivotal for the establishment of retrograde membrane flow. 
The authors recognized LPA as a potent stimulator of endocytosis, 
and showed that extracellular pathogens can efficiently incorporate 
exogenous materials. Moreover, they revealed that surface proteins 
of the parasite are recycled during this process, and the endocytic 
and secretory pathways of the microbe converge, with endocytosed 
material subsequently secreted[213]. 
    T. gondii egress is associated with the exocytosis of secretory 
organelles termed micronemes (apical organelles). Usually parasites 
egress from infected cells after five to six cycles of endodyogeny 
multiplication but harmful environmental changes such as the loss 
of host cell integrity can trigger earlier egress. Bisio et al[200]showed 
that DGK2 secreted into the PV produces PA, which acts as an 
intrinsic signal that elicits natural egress. This signaling platform 
responds to PA (an intrinsic lipid mediator) and extrinsic signals to 
control programmed and induced egress of the parasite from infected 
cells[200]. 

D. Important role of PA generation at T. gondii plasma 
membrane in controlling microneme release
Membrane PA regulation is linked to the parasite’s micronemes 
secretion[133,217]. T. gondii tachyzoites have few micronemes, 
sporozoites have an intermediate number, and bradyzoites have 
many[218]. Microneme proteins play important roles in multiple 
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stages of the parasite life cycle, including parasite motility, 
invasion, intracellular survival, and egress from host cells[219]. In 
T. gondii, extracellular potassium levels and other stimuli trigger a 
signaling cascade culminating in phosphoinositide-phospholipase 
C activation, which generates diacylglycerol (DAG) and inositol 
1,4,5-triphosphate, and finally results in microneme secretion[217]. 
Bullen et al[217]showed that a  fine equilibrium between DAG and 
its downstream product PA, is essential for controlling microneme 
exocytosis. This balance is supervised by the parasite-specific DGK1, 
which interconverts PA and DAG, and whose depletion impairs 
parasite egress and causes its death[217]. 

IV. DRUG-INDUCED DEVELOPMENT OF RP 
AND ITS ASSOCIATION WITH T. GONDII IN-
FECTION
Khouri et al[220] identified several classes of drugs responsible for 
development of primary and secondary RP, with various underlying 
pathomechanisms, such as enhancing vasoconstriction, endothelial 
dysfunction, increasing blood viscosity, neurotoxicity or decreased 
red blood cell deformability. All these medicines, including tyrosine 
kinase inhibitors (TKIs) and calcium channel blockers (CCBs), may 
be associated with acute or latent chronic T. gondii infections (Table 
5). 

A. TKIs and T. gondii infection. 
Furspan et al[336] showed that the increased tyrosine phosphorylation 
by tyrosine kinase mediated enhanced vasoconstriction in response to 
cold, characteristic for RP. In patients with secondary RP associated 
with autoimmune diseases (SSc, scleroderma) or lung cancer, 
who were receiving treatment with some TKIs, such as imatinib, 
nilotinib, or erlotinib, both beneficial and harmful effects have been 
reported[305,337-339]. 
    Maintaining an optimal balance between pro- and anti-
inflammatory cytokine responses is key to the success of T. gondii 
as an intracellular parasite in the host cells. Several TKIs exerted 
inhibiting effects in vitro on T. gondii and were effective in animals 
with toxoplasmosis (Table 5). Protein kinases have been shown to 
play a key role in the parasite motility, invasion, replication, and 
egress processes, and to promote parasite survival within the host by 
down-regulating host defense mechanisms[340-344]. It should be noted 
that  active T. gondii kinome among several other kinases includes 
20 calcium/calmodulin (a calcium binding protein) regulated kinases 
and 8 tyrosine kinase-like proteins (TKLs) which are responsible 
for tachyzoite fitness and alter host responses[344,345]. TKLs localize 
to several compartments in the parasite, including nucleus, cytosol, 
Golgi apparatus, and inner membrane complex[11]. Of note, TKL1 
to TKL6 share sequence homology with tyrosine kinase but are 
catalytically serine-threonine kinases[346,347]. TKL1 plays a key role 
in acute toxoplasmosis[344]. Studies in vitro showed that TgTKL1 
knockout parasites exhibited a severe defect in host cell attachment 
due to impaired microneme (T. gondii apical storage organelle) 
secretion and processing[344,348]. It was demonstrated that signal 
transducer and activator of transcription (STAT)3 and STAT6 serve 
as direct substrates for the pathogen microneme rhoptry protein 16 
(ROP16) tyrosine kinase activity[349-351]. The active kinase ROP16 is 
secreted into the infected cells and subverts host function by direct 
tyrosine phosphorylation of STAT3/6, and dampening the generation 
of IL-12, IL-1β and IL-6[77,349,352]. 
    Infection by T. gondii down-regulates the host innate immune 
responses, such as proinflammatory cytokine production, in a STAT3-

dependent manner. It was demonstrated that the parasite type II strain 
fails to suppress immune responses because of a potential defect in 
ROP16, a highly polymorphic parasite-derived kinase[350] (Table 6). 
    Yamamoto et al[350] generated ROP16-deficient type I pathogens 
and showed a severe defect in parasite-induced STAT3 activation, 
finally resulting in enhanced generation of IL-6 and IL-12 p40 in 
the infected macrophages. Comparison of type I and type II ROP16 
established that a single amino acid substitution in the kinase domain 
determined the strain difference in terms of STAT3 activation. 
Treatment with a tyrosine kinase inhibitor K-252a severely impaired 
the kinase activity of ROP16 for STAT3 Tyr705 phosphorylation in 
both in vitro and in vivo assays[350].
    Butcher et al[351] confirmed the above findings using infected mouse 
bone marrow-derived macrophages with rop16-deleted parasites. 
ROP16 mediated the suppressive actions of  the pathogen on LPS-
induced cytokine synthesis in macrophages and on IFN-γ-induced 
NO generation by microglial cells and astrocytes. The rhoptry 
kinase was involved in activation of STAT3 and STAT6 transcription 
factors, and its lack resulted in enhanced IL-12 production and 
defective ability to inhibit production of proinflammatory mediators, 
while replication and dissemination of tachyzoites were found to be 
increased[351].

B. CCBs and T. gondii infection. 
CCBs affect the way calcium passes into vascular smooth muscle 
cells in the walls of arteries[354], and calcium channel blockade was 
found to be very important in the pharmacologic management of 
RP[355]. Several clinical trials reported that oral CCBs, especially 
the dihydropyridine group  (nifedipine, nicardipine, amlodipine, 
felodipine), were more effective than benzodiazepine (diltiazem), 
phenylalkylamine (verapamil), and others in reducing the frequency 
and severity of attacks associated with both primary and secondary 
RP, albeit some authors estimated CCBs as minimally or modestly 
effective medications in primary RP[354,356-360]. 
    It must be noted that several CCBs are known to exert antiparasitic 
effects[361-366]. An important role for calcium ion (Ca2+) in the action 
of drugs used against various parasites, including Leishmania, 
Trypanosoma, and Plasmodium has long been recognized, and many 
of them have effects on calcium signaling in both parasites and 
mammalian cells[363,367]. For example, nimodipine[362], amiodarone [368], 
and several other dihydropyridines[369], as well as a number of calcium 
channel and calmodulin antagonists[370] may exert anti-parasitic 
effects via disruption of calcium homeostasis in parasites. Johnson et 
al[38] developed also calcium-dependent protein kinase 1 (TgCDPK1) 
inhibitors with strong antitoxoplasmic activity. Interestingly, 
curcumin also affect calcium ion homeostasis in parasites[363,372], 
and recently this vegetable product was found to be effective in 
the treatment of acute and chronic  toxoplasmosis in mice[373,374]. 
It must be added that CCBs suppress cytokine-induced activation 
of human neutrophils[375]. Moreover, nifedipine and nitrendipine 
inhibit iNOS[376], and nifedipine enhances endothelial CYP2C protein 
expression and generation of 11,12-epoxyeicosatrienoic acid which 
have vasodilation and anti-inflammatory properties[377]. Amlodipine 
also inhibits iNOS, as well as TNF-α, and IL-1b formation in a dose-
dependent manner, and free radical generation[378]. 
    T. gondii is exposed to the ionic fluctuations of the host cytoplasm, 
such as increases in host cytosolic Ca2+during calcium ion signaling 
events. Several key steps of the lytic cycle of the parasite, such 
as egress, motility, attachment, and invasion, are regulated by 
fluctuations in cytosolic calcium levels[365,379-382]. It was also 
demonstrated that calcium entry is critical for T. gondii virulence[364]. 
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Table 5 Drugs associated with the occurrence of RP and their pathomechanisms that may be involved in possible undiagnosed concomitant T. gondii 
infections.

Drugs and RP Pathomechanisms of drugs used in RP cases during possible undiagnosed concomitant T. gondii infections

α1- and -α2-Adrenoceptor 
blockers: phentolamine [221], 
prazosin [222], yohimbine 
[223],  labetalol (a dual α1- 
and β1/β2-adrenoceptors 
blocker)  [224, 225]

α2-Adrenergics and β-adrenergics have antitoxoplasmatic activity [226,227]. Moreover, T. gondii infection increases 
generation and accumulation of ROS and causes oxidative cellular damage[175,228-230], which stimulates RhoA/Rho 
kinase signaling and subsequent mobilization of α2c-adrenoceptors to the cell surface, finally contributing to cold-induced 
vasospasm occurring in RP [229]. The blockade of the a-adrenoceptors by phentolamine resulted in a favorable effect in 
patients with RP [221]. Prazosin, a quinazoline-based α1-adrenoceptor antagonist, displayed antiproliferative activity 
superior to that of another α1-blocker, phentolamine [231].  Moreover, triptanthrin (a quinazoline analog) derivatives were 
found to act as T. gondii inhibitors [231-234]. Finally, β2-adrenoceptors are critical for the anti-inflammatory effects of NE 
and ACh [235, 236].  

Clonidine (α2-adrenergic 
agonist) [237]

Clonidine significantly decreased in vitro the number of T. gondii-infected macrophages. This effect was blocked by 
yohimbine (a specific α2-adrenergic antagonist) [227]

Dopamine (DA) [238]

DA activates both α- and β-adrenoceptors [239]. Intravenous infusion of even low doses of DA may cause vasospasm and 
extravasation [240]. Administration of DA to healthy individuals increased intra-platelet cAMP concentration [241]. The 
effect of DA has been prevented by pre-incubation of platelets with propranolol (β-adrenoceptor antagonist) whereas pre-
incubation with phen tolamine (α-adrenoceptor antagonist) did not modify the platelet response to DA. Domperidone (DA 
receptor antagonist) directly increased cAMP levels and enhanced the effects of DA. In human fibroblast host cells DA 
caused a significant rise in tachyzoites counts compared to controls [242]. Nb. propranolol has antitoxoplasmic activity [19]. T. 
gondii infection increased total DA amounts in PC12 cells 2-3-fold of the uninfected controls, and enhanced DA metabolism 
[244, 245]

Cocaine (dopaminergic 
agonist) [246, 247]

Cocaine (crystal form-crack) decreased /increased cytokine formation, decreased antibody production, CD4+: CD8+ ratio, 
lymphocyte proliferation, NK cell activity, cellular hypersensitivity, increased viral load and HIV progression [248]. It must 
be noted that the main mechanism of T. gondii elimination is augmented host TH1 immune response, including generation of 
cytokines such as IL-2, IFN-γ, TNF-α), IL-12 [249], and IL-17-expressing CD4+ and CD8+ T lymphocytes, thus contributing 
to the control of parasite invasion and replication [250]. On the other hand, cocaine exposure caused platelet activation, α 
granule release, and platelet containing microaggregate formation [251, 252]. Otherwise it is known that human platelets 
cause inhibition of T. gondii growth [253], and adherence of platelets to tachyzoites together with disruption of the surface 
membranes and cytoplasmic contents of the organisms [254]. It must be noted that toxoplasmosis seropositivity was found 
to be markedly higher among substance abusers (p < 0.0001) irrespective of the class of drugs used [255]

Serotonin 
(5-hydroxytryptamine, 
5-HT) reuptake inhibitors 
(fluoxetine) [256, 257]

5-HT can modulate several immunological events, such as chemotaxis, leukocyte activation, proliferation, cytokine secretion, 
anergy, and apoptosis [258]. In sheep, T. gondii infection significantly increased plasma  5-HT levels compared to controls 
[259]. The hormone in intracellular physiological concentrations may enhance IL-6 and TNF-α generation, while increased 
extracellular 5-HT levels may suppress the production of these cytokines [260, 261]. It must be noted that  treatment with 
fluoxetine reduced IL-6 serum levels in depressive patients compared to those of healthy controls [262], and otherwise it is 
known that IL-6 may exert both beneficial and harmful effects on T. gondii intracellular replication through interaction with 
IFN-γ and TNF-α [76, 263]. In addition, chronic intake of  fluoxetine increased atherosclerotic lesion formation [264], and T. 
gondii probably plays an important role in this process [122]

Ergot alkaloids [265, 266]
Ergot alkaloids are highly biologically active compounds known to interact with serotonergic, dopaminergic, and adrenergic 
receptors as agonists or antagonists [267]. These biomolecules have diverse therapeutic properties, including antibacterial, 
antiproliferative, and antioxidant activities [268-270]

Methylphenidate (MPH), 
dextroamphetamine 
(AMPH) are ADHD 
stimulants [271-276]

In 3 boys, MPH induced a marked hypersensitivity to mitogen-induced proliferation of lymphocytes, a 
hypergammaglobulinemia, and increased IgE levels [277]. (Nb. the increased IgE as well as IgG concentrations may reflect 
defense against T. gondii in these patients [278]). In mice, MPH reduced by up to 63% numbers of T-helper/inducer cells and 
also IgG+ cells in the spleen and increased up to 400-fold the serum levels of IgG, both in a dose-dependent pattern [277]. 
Use of AMPH may be associated with idiopathic leukocytosis [279], which favors T. gondii dissemination in the host as a 
“Trojan horse” [103]. AMPH also enhanced NK cytotoxic activity via b-adrenergic mechanism [280]. Interestingly, MPH, 
lisAMPH and atomoxetine are current ADHD medications, and T. gondii seropositivity was found to be associated with 2.8-
fold increase in the odds ratio of ADHD, and multiple linear regression analysis revealed a significant relationship with the 
parasite seropositivity, elevated IgG titers (serointensity), and enhancement of IgG avidity (chronic infection) [281]. 

Cyclosporine [282-285]

Cyclosporin A inhibited NOS induction in vascular smooth muscle cells [286]. In mice treated with cyclosporine synthesis 
of IgG and IgM antibody titers was significantly depressed, and the drug had anti-Toxoplasma activity in vitro and 
perhaps in vivo [287]. There was a possible reactivation of latent T. gondii infection secondary to cyclosporine-induced 
immunosuppression in two cats [288]. The drug had antitoxoplasmal activity in vitro and perhaps in vivo because cats 
receiving the drug orally shed fewer oocysts for a shorter time than did control animals [289]. Finally, cyclosporine act as a 
strong inhibitor of T. gondii enzyme DHOD a, similarly like leflunomide [290]

Leflunomide [291]

Inhibitors of DHOD have proven efficacy for the treatment of rheumatoid arthritis, psoriasis, autoimmune diseases,  
and cancer [292].  It was reported that A77-1726, the active derivative of the human DHOD inhibitor leflunomid (an 
immunosuppressive drug), was found to exert strong antitoxoplasmatic activity against  the enzyme TgDHOD associated 
with T. gondii mitochondrion because this organelle is the site of orotate production [292-295] 

Sulfasalazine [296, 297]

Various genotypic strains of T. gondii are susceptible to sulfonamides, including sulfasalazine [298-302], and this pathogen 
plays an important pathophysiological role in triggering and development of several autoimmune diseases [73, 303]. 
Interestingly, the drug inhibited the NF-κB and IκB kinase pathway to regulate the release of proinflammatory cytokines 
from human adipose tissue and skeletal muscle in vitro [304]

Tyrosine kinase inhibitors 
(TKIs), e.g. nilotinib [305]

Gefitinib use (group II TKIs, host cells not destroyed) and afatinib (group III, host cells distroyed) inhibited intracellular 
growth of T. gondii in a dose-dependent manner through the inhibi tion of the direct phosphorylation of STAT6 [306-308]. This 
effect suggested that tyrosine kinases of EGFR family of the parasite itself may be the target because the pathogen induced 
sustained host cell EGFR phosphorylation to prevent its killing [306-308]. Administration of gefitinib to animals with ocular 
and cerebral toxoplasmosis resulted in disease control that was dependent on antiapoptotic Bcl-1 proteins [309]. Incubation of 
T. gondii tachyzoites with another tyrosine kinase-specific inhibitor, genistein, significantly impaired their attachment to and 
penetration into the macrophages [310]; nb. the drug  also inhibited the egress of parasites from host cells [311]
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Secukinumab [312]

Secukinumab was found to be effective in the treatment of psoriasis and psoriatic arthritis targeting the IL-23/TH17/
IL-17 axis [313, 314]. It was demonstrated that psoriatic patients have significantly higher anti-Toxoplasma IgG and IgM 
antibodies compared with controls [315, 316]. It must be noted that TH17 level was superexpressed and underexpressed in 
the course of chronic T. gondii infection [317]. In mice, oral T. gondii infection increased IL-17 expression and contributed to 
the inflammatory response, while neutralization of this cytokine exerted a partial protective effect against fatal T. gondii-
associated inflammation [318]. Moreover, IL-6 promoted NK cell production of IL-17 during toxoplasmosis [319]. In contrast, 
it appeared that IL-17A-deficient mice were found to be very susceptible to T. gondii infection due to excessively induced 
HSP70 and IFN-γ generation [320]

Vinyl chloride (VC) [321]

Latent cryoglobulinemia (chiefly composed of IgA and IgG) found in the VC worker with scleroderma-like skin 
abnormalities [322] may eventually reflect impaired immune defense against concomitant toxoplasmosis. Cryoglobulinemia 
has also been reported in several other autoimmune diseases [83, 323, 324] frequently associated with T. gondii infection 
[73, 325]. It must be noted that vinyl sulfone inhibitor K11777b was found to inhibit  two key T. gondii cathepsine proteases 
TgCPB and TgCPL that play key roles in the pathogenesis of toxoplasmosis [326, 327]

Arsenic [247, 328]

The trivalent metabolites of arsenate (e.g. arsenite) are toxic at concentrations below 1 mg/L. Arsenite triggers cell apoptosis, 
and leads to an increase in intracellular calcium levels and generation of ROS [329]. Apoptosis induced by arsenic trioxide 
was found to be inhibited in T. gondii-infected THP-1 cells, but not in uninfected cells. T. gondii infection inhibited apoptosis 
through overproduction of antiapoptotic proteins, such as Bcl-2 family, and downregulation of proapoptotic Bax molecules 
[330, 331]. In addition, intracellular calcium stores in the parasite were responsible for the parasite invasion of host cells [332], 
and the infection has been associated with increased production of ROS and RNI [333, 334]. Lastly, arsenic increased the 
expression of VCAM-1, P-selectine, MCP-1, IL-8, and IL-6 at the RNA and protein levels in rabbit aorta [329], and therefore 
it may play an important role in the pathogenesis of atherosclerosis [122, 335]

ACh, acetylcholine; ADHD, attention deficit hyperactivity disorder; cAMP, adenosine 3’,5’-cyclic monophos phate; a DHOD, dihydroorotate dehydrogenase
(T. gondii enzyme);  b K11777, (N-methyl-piperazine-PhehomoPhe-vinylsulfone-phenyl); Bcl-1 and Bcl-2, beclin-1 and -2, antiapoptotic proteins; EGFR, 
epidermal growth factor receptor; HSP70, heat shock protein 70; MCP-1, monocyte chemotactic protein-1; NE, norepinephrine; NF-κB, nuclear factor-κB;  
NK, natural killer cell; NOS, nitric oxide synthase; RNI, reactive nitrogen intermediates; ROS, reactive oxygen species; RP, Raynaud’s phenomenon; SSRI, 
serotonin reuptake inhibitors; STAT6, signal transducer and activator of transcription; VCAM, vascular cell adhesion molecule-1.

In T. gondii extracellular tachyzoites the ER and acidocalcisomes 
were identified as the largest Ca2+ stores, and other sources are 
Golgi complex, apicoplast, inner membrane complex, and secretory 
organelles[383]. Host cell mitochondria and ER have an intimate 
relationship with T. gondii due to their recruitment to and association 
with the PV membrane [384]. Moreover, discharge of adhesive proteins 
T. gondii micronemes is stimulated by contact with host cells and 
this process is regulated by increases in intracellular calcium within 
the parasite[132]. In addition, gliding of the parasite is controlled 
by secretion of microneme proteins and factors that alter calcium 
fluctuation in the cytosol, while chelation of intracellular calcium 
blocked parasite motility[134,385]. 
    Calcium ion entry was blocked by nifedipine and stimulated by 
the increase in cytosolic calcium and by the specific calcium channel 
agonist Bay K-8644[364,382]. Vella et al[382] demonstrated that host 
calcium ion signaling affects intracellular calcium concentrations 
of the pathogen as tachyzoites are inside a PV surrounded by the 
host cell cytosol which contains calcium concentrations 50-100 nM, 
and the host calcium increases are able to reach the parasite cytosol 
through a calcium influx mechanism sensitive to nifedipine[365,382]. 
    The presence of extracellular calcium ion affected the rate of 
egress, which was blocked with nifedipine[365,386]. A role for a change 
in extracellular potassium concentration also was recommended to 
stimulate calcium signaling leading to egress[387]. Active egress of 
the parasite from host cells essential for its dissemination requires 
rupture of the PV membrane and the host cell membrane[365,388,389]. 
    Since both haloperidol and valproic acid are capable of inhibiting 
calcium transport through cellular ion channels, and risperidone was 
found to inhibit cellular potassium currents and a calcium-activated 
potassium channel, it was suggested that these drugs antitoxoplasmic 
activity was related to their calcium inhibitory properties[390-392]. 
This recommendation was in line with the finding that tachyzoites 
require calcium to invade host cells, and the invasion was inhibited 
by CCBs and calmodulin antagonists[361,390,393]. The interaction of 
tachyzoites with host cells was also inhibited by CCBs (verapamil) 
and calmodulin antagonists (trifluoperazine, calmidazolium). The 
calmodulin concentrated at the apical end of the tachyzoite may be 
involved in cytoskeleton movement and conoid extrusion. In contrast, 
increase host cell cytosolic calcium significantly decreased tachyzoite 

Table 6 T. gondii microneme rhoptry kinases (ROPK) virulence 
determinants in different types of the parasite (acc. to Kemp et al [353]; 
with own modification)
ROPK T. gondii type I Type II Type III

ROP5 ++ + +

ROP16 ++ - ++

ROP18 ++ + -
Presence of ROP5, ROP16 and ROP18 forms in the three T. gondii 
lineages: -, inactive; + minimally active; ++, highly active.

invasion[361]. Several medications successfully used in the treatment 
of various neurological and psychiatric disorders showed to have 
antitoxoplasmic activity in cell culture (Table 7)[390].
    Cytokines can alter intracellular calcium levels by depleting 
calcium from the endoplasmic reticulum (ER) and by increasing 
calcium influx from the extracellular space[400]. Of note, vitamin D 
dose-dependently inhibits LPS-induced cytokines production in 
peripheral blood monocyte cells modulating intracellular calcium[401]. 
In T. gondii extracellular tachyzoites the ER and acidocalcisomes 
were identified as the largest Ca2+ stores, and other sources are 
Golgi complex, apicoplast, inner membrane complex, and secretory 
organelles[383]. Host cell mitochondria and ER have an intimate 
relationship with T. gondii due to their recruitment to and association 
with the PV membrane[384]. Moreover, discharge of adhesive proteins 
T. gondii apical storage organelles (micronemes) is stimulated by 
contact with host cells and this process is regulated by increases in 
intracellular calcium within the parasite[132]. In addition, gliding of 
the parasite is controlled by secretion of microneme proteins and 
factors that alter calcium fluctuation in the cytosol, while chelation of 
intracellular calcium blocked parasite motility[134,385]. 
    Moreover, the increased calcium concentrations in tachyzoites 
(nuclear and perinuclear areas) enhanced invasion of the parasite 
into host cells, and increased its intracellular replication[361,332]. 
The interaction of tachyzoites with host cells was also inhibited 
by verapamil and calmodulin antagonists (trifluoperazine, 
calmidazolium). The calmodulin concentrated at the apical end 
of the tachyzoite may be involved in cytoskeleton movement and 
conoid extrusion. In contrast, increase host cell cytosolic calcium 
significantly decreased tachyzoite invasion[361,385,402]. 
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    Finally, treatment with CCBs is associated with several adverse 
skin reactions, including pemphigus, bullous pemphigoid, cutaneous 
small vessel vasculitis, lichenoid eruption, pseudolymphoma[403], and 
affects approximately 48% of patients[404]. The most common side 
effects are ankle or foot edema (~30%), gingival hyperplasia (21%), 
and flushing (10%). Less common disturbances include facial or 
truncal telangiectasia, photosensitivity reactions, hyperpigmentation, 
development of new-onset psoriasis (and its exacerbation), 
idiopathic- or CREST (calcinosis, Raynaud’s phenomenon, 
esophageal hypomotility, sclerodactyly, and telangiectasia)-
related calcinosis cutis, purpuric exanthemas, subacute cutaneous 
lupus erythematosus, gynecomastia, erythromelalgia, chilblains, 
granuloma-like annulare reactions, chronic anal fissures, keloids, 
and oral ulcers[403-407]. (Nb. recently several authors documented a 
link between psoriasis, treatment with novel antipsoriatic drugs, 
and T. gondii infection[312,408,409]). These wide spectrum of CCBs side 
effects are in line with many changes associated with disturbances 
in calcium homeostasis and reciprocal calcium-dependent signaling 
generated in the host cells and T. gondii tachyzoites, which may 
result in manipulation host cell responses and gene expression during 
intracellular infection of the pathogen[331,365,410-412]. 
    In summary, both TKIs and CCBs exert antitoxoplasmic effects 
and therefore play an important role in the treatment of primary and 
secondary RP. 

IVA. DEVELOPMENT OF RP AFTER ATOM-
OXETINE, FLUOXETINE, PAROXETINE, AND 
RISPERIDONE, AND THEIR LINK WITH T. 
GONDII INFECTION. IMPORTANT ROLE OF 
HYPERPROLACTINEMIA IN THE HOST DE-
FENSE AGAINST THE PATHOGEN
A. RP associated with therapeutic use of atomoxetine, fluoxetine, 
paroxetine, and risperidone 
Several studies reported that development of RP was related to 
the treatment with atomoxetine[413-415], fluoxetine[257,416,417], and 
risperidone[418]. In the case of atomoxetine and fluoxetine, the RP 
event appeared to be dose-dependent[257,413,414,419]. Interestingly, 
Taner et al[419] described a 10-years-old boy with attention-deficit/ 
hyperactivity disorder (ADHD) who manifested a unilateral ear 
redness (sometimes accompanied by a headache) as a secondary 
RP one hour after starting treatment with atomoxetine and lasted 
in 4 hours; the red ear and headache disappeared after ceasing the 
treatment. 

B. Relationship between antidepressant drugs and T. gondii 
infection
1. Atomoxetine. 
This is a selective norepinephrine (NE) reuptake inhibitor and one 
of the main agents and the first nonstimulant used in the treatment 
of ADHD, which occurs at a prevalence of 5.9-7.1% in children and 
adolescents[420]. More than 50% of those diagnosed with ADHD can 
experience part of the symptoms also in adulthood[421,422]. Monotherapy 
with the drug was found to be effective for treating ADHD in pediatric 
patients with depressive and anxiety symptoms [423,424]. Atomoxetine 
improved hyperactivity and inattention in children with autism 
spectrum disorders (ASD) and ADHD, because about a third of 
children with ASD also have ADHD[425]. This is not surprising because 
it was demonstrated that the drug reduced cortical gene expression 

Table 7 Drugs tested for in vitro activity against T. gondii (acc. to Jones-
Brando et al. [390]; with own modification).

Drug Solvent ID50 
a 

(μg/mL)
TD50 

b 
(μg/mL) TI c

Valproic acid ethanol 4.5 62.4 13.9

Sodium valproate ethanol 4.1 52 12.7

Carbamazepine ethanol 72 100 1.3

Lithium carbonate 1 N HCl > 100 > 100

Haloperidol ethanol 5.6 103 18.4

9-OH-Risperidone tartaric acid 20.1 134 6.7

Risperidone tartaric acid 74 129 1.7

Fluphenazine HCl Toxo CGM 3.5 17.9 5.1

Clozapine ethanol 5.8 20 3.4

Olanzapine DMSO 33.2 100 3

Chlorpromazine HCl DMSO 2.6 6 2.3

Quetiapine fumarate DMSO 18.6 33 1.8

Trimethoprim DMSO 5.3 63.8 12.1
 aMedian inhibitory dose, a measure of tachyzoite inhibition. b Median 
toxicity dose, a measure of cytotoxicity. c Therapeutic index, a measure of 
efficacy determined by TD50/ID50 ratio. DMSO, dimethylsulfoxide; Toxo 
CGM, Toxoplasma cell growth medium. Valproic acid at a concentration of 
1 μg/mL inhibited 7% of the tachyzoites and trimethoprim at 3.2 μg/mL 
produced 2% inhibition, but the combination of these two compounds at 
those concentrations resulted in a potentiating effect inhibiting 55% of the 
tachyzoites. Fond et al [394] reported that also other antipsychotic drugs, 
such as amisulpride, cyamemazine, levopromazine, loxapine, tiapride 
and zuclopenthixol in vitro exerted antitoxoplasmatic activity in the range 
of 0.19 to 1 μM concentrations. The 50% inhibitory concentration (IC50) 
for the last preparation was 8 ± 1.8 μM while its serum levels varied from 
0.01-0.12 μM [395], but antipsychotic drugs usually achieve much higher 
and persistent concentrations in the brain tissue [396]. In human fibroblast 
cell cultures, IC50 for fluphenazine, thioridazine, and trifluoperazine 
against developing tachyzoites of the parasite RH strain was 1.7, 1.2 
and 3.8 μM, respectively [397]. Recently, Murata et al [398] found that in 
vitro hydroxyzine (an antihistamine and anxiolytic compound) reduced 
parasite replication (IC50 value for T. gondii tachyzoites was 1.0 mM) and 
had no effect on host cell viability. Importantly, the drug also reduced 
the number of in vitro-induced bradyzoites [398], and it should be noted 
that bradyzoites within mature tissue cysts are dynamic and replicating 
entities in vivo [399].

of proinflammatory mediators, including TNF-α, IL-1b, iNOS, as 
well as CD40 and CD11b, markers of microglial cells activity[426,427]. 
These changes were associated with reduced activation of NF-κB, 
the main regulator of inflammation in the CNS[427]. In addition, the 
drug suppressed expression of chemokines (RANTES, CCL-5) and 
vascular and intercellular cell adhesion molecules (VCAM-1, ICAM-
1) in rat brain following a systemic challenge with bacterial LPS, and 
thus supported the theory that NE has anti-inflammatory properties and 
CAMs facilitate leukocyte influx into the CNS[427,428]. 
    It must be noted that combined treatment with atomoxetine and 
fluoxetine was well tolerated[423]. Fluoxetine (Prozac) (t1/2 = 53 
± 41 hrs, active metabolite -norfluoxetine, t1/2 = 6.4 ± 2.5 days) 
metabolized by CYP2D6[429] may however cause markedly increased 
plasma atomoxetine levels and development of side effects in patients 
who are poor CYP2D6 metabolizers[430]. This may be supported 
by the finding that multiple-dose of paroxetine intake significantly 
changed pharmacokinetics of atomoxetine and its active glucuronide 
metabolite, resulting in a 5.8-fold increased area under the curve and 
1.7-fold higher maximal drug concentration values after combined 
treatment, thus emphasizing the need to monitor possible unwanted 
cardiovascular effects during such link therapy[423,431]; nb. these 
adverse effects may result from chronic fluoxetine treatment, which 
involve increased eNOS activity, NO generation, and calcium-
sensitive potassium channels activation[432]. 
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2. Fluoxetine. 
Recently, Osimo et al[433] published the meta-analysis study of 
immune markers confirming that the levels of CRP, IL-3, IL-6, IL-
12, IL-18, sIL-2R, and TNF-α were markedly higher in patients 
with depression compared with controls. Experiments in rats and 
depressed adult patients showed that fluoxetine exerted potent anti-
inflammatory effects in the periphery and brain, and vagal pathways 
participated in these actions because vagotomy confirmed attenuated 
anti-inflammatory effect of the drug[434,435]. In one study of 41 children 
and adolescents aged 14.12 ± 2.30 yrs treated for anxiety and/or 
depression with fluoxetine for 8 weeks, the overall positive response 
rate was 56%, and the medication significantly reduced TNF-α levels 
(p = 0.037), with no effects in the concentrations of IL-6 and IL-
1β[436]. In another study of 22 adolescents with major depression, 
fluoxetine treatment for 8 weeks showed that proinflammatory 
cytokines IFN-γ, IL-1b, TNF-α, IL-6, IL-12, and IL-15 were 
significantly decreased only at week 4 compared to baseline, and 
there were no significant correlations between cytokine levels and 
symptomatic improvement in the Hamilton Depression Rating Scale 
(HDRS)[437]. Several other antidepressant drugs also had such anti-
inflammatory properties (Table 8)[438], indicating that their beneficial 
therapeutic effects may at least in part be associated with down-
regulating inflammatory processes in the brain and periphery. 
    Recently, Eskelund[442] demonstrated reduced levels of the 
excitotoxin quinolinic acid and 5-hydroxyindoleacetic acid in various 
brain regions in rats with genetic model of depression, following 
administration of fluoxetine. These findings may therefore suggest 
that fluoxetine also exerts its antidepressant effects through down-
regulation of tryptophane/kynurenine pathway associated with T. 
gondii infection in patients with depression and mood disorders. 
Moreover, the drug increased prolactin levels via serotonergic 
pathways leading to hyperprolactinemia[443,444], which also exerts 
antitoxoplasmic activity[445]. 
    Antidepressants not only alleviate depressive symptoms but have 
other beneficial function, such as regulation of the inflammatory 
cytokine imbalance[446,447]. A strong in vivo links between 
proinflammatory cytokines and disrupted  glutamate homeostasis in 
the brain has also been demonstrated since activated N-methyl-D-
aspartate receptors may activate microglia and cause further release 
of inflammatory mediators[448]. It must be noted that glutamate release 
in the CNS decreased with chronic fluoxetine, desipramine, or 
reboxetine treatment[449-451]. However, in a 14-years-old girl suffering 
from depression, therapy with sertraline and then fluoxetine failed to 

improve her mood, but after positive T. gondii serologic testing and 
administration of specific treatment she had less complaints and no 
symptoms with evident amelioration in depression scores[452]. Effects of 
the infection with the pathogen on the cytokines and other biomolecules 
secreted by various neural cells are presented in Table 9[543]. 
    It must be noted that approximately 30% of patients with 
depression fail to respond to  selective serotonin reuptake inhibitors 
(SSRI), and it was found that  patients with SSRI-resistant depression 
had significantly higher production of the pro-inflammatory cytokines 
IL-6 (p = 0.01) and TNF-α (p = 0.004) compared to controls[458]. 
IL-6 levels are known to be commonly elevated in patients with 
depression and psychosis, as well as in people who are at risk of 
developing these disorders[262,459,460]. In one study, plasma IL-6 levels 
in patients with major depressive disorder (MDD) were markedly 
higher than in controls, and a positive correlation was found between 
the cytokine concentration and HDRS[461]. These detrimental IL-6 
effects may at least in part be explained by the enhancement of 
intra cellular replication of T. gondii in the host by this cytokine and 
its interactions with IFN-γ and TNF-α[76]. The fact that IL-6 levels 
decreased after treatment with SSRI antidepressants in patients 
with MDD[462] may support involvement of the pathogen in the 
development of depressive symptoms. Recent studies performed in 
the population-based birth cohort provided further evidence that IL-6/
IL6R pathways are implicated in pathogenesis of severe depression 
and psychosis[463].

3. Risperidone. 
This is an atypical antipsychotic drug with high affinity to dopamine 
D2 and serotonin 5HT2 receptors[464]. In children and adolescents, 
risperidone is used for treatment of schizophrenia, conduct disorder, 
bipolar disorder, tic disorder, obsessive-compulsive disorder and 
behavioral problems associated with ASD or mental retardation[464-467]. 
Importantly, the agent was found to have antitoxoplasmic 
properties[390]. It must however be noted that risperidone worsened 
vascular endothelial function via upregulation of adhesion molecules 
VCAM-1, ICAM-1, and E-selectin in diabetic rats[468], which may 
be consistent with the theory that T. gondii may be implicated in 
development of type 1 and 2 diabetes mellitus[469]. Similarly, it was 
reported that chronic intake of fluoxetine enhanced atherosclerosis 
[264], and this is in line with the suggestion that the pathogen may 
also play a role in the pathogenesis of this clinical entity[73]. In both 
cases, the antitoxoplasmic activity of these drugs may serve as an 
explanation of these harmful actions.

Table 8 Antidepressant effects on the host immune system (acc. to Antonioli et al [438]; with own modification).
Antidepressant Source and type of effector cells Neuroendocrine alterations

Reboxetine, fluvoxamine, imipramine Murine glia cells ↓NO levels after IFN-γ stimulation

Amitryptyline, nortriptyline Rat glia cells ↓IL-1 and TNF-α after LPS 
stimulation

Venlafaxine Rat encephalogenic T cell clones, splenocytes, peritoneal macrophages ↓IL-12, TNF-α, and IFN-γ
Imipramine, mianserin, clomipramine, 
sertraline, and citalopram Human peripheral white blood cells

↓proinflammatory cytokines
 ↑anti-inflammatory cytokines

Fluoxetine, imipramine, venlafaxine Healthy human whole blood treatment resistant ↓IL-10
Fluoxetine, paroxetine sertraline, citalopram, 
fluvoxamine Depressed patients ↓TNF-α, CRP and leukocyte count

Paroxetine, bupropion, mirtazapine, citalopram, 
venlafaxine Depressed patients ↓IL-6, TGF-b

Sertraline Depressed patients ↓IL-12,   ↑IL-4 a, TGF-b

Fluoxetine, desipramine Rats ↓IDO activity,   NO b 
CRP, C-reactive protein; IDO, indoleamine 2,3-dioxygenase;  NO, nitric oxide; TGF-b, transforming growth factor-b; LPS, lipopolysaccharide. a Long-term 
effects of IL-4 may be detrimental, possibly because of the ability of this cytokine to inhibit proinflammatory antiparasitic IFN-γ production [439]. 
b Fluoxetine increased the NO production via NF-κB-mediated pathway in BV2 murine microglial cells [440]. The anti-inflammatory cytokines TGF-b and 
IL-4 suppress IDO activity in human monocytes and fibroblasts [114], which is consistent with IDO metabolic pathway being a marked contributor to the 
proinflammatory system [441]
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B. Important role of tryptophan/kynurenine metabolic pathway 
in inflammation, affective disturbances, and T. gondii infection
There is a strong evidence that tryptophan/kynurenine pathway plays 
a key role in the link between inflammation and affective disorders 
[470-473]. Laugeray et al[470] showed in mice that both fluoxetine and 
1-methyl-D-tryptophan (an indoleamine 2,3-dioxygenase 1(IDO) 
inhibitor) robustly reduced peripheral levels of proinflammatory 
cytokines in a  model of stress-induced depression. On the other 
hand, it must be emphasized that toxoplasmosis has an accelerating 
effect on the tryptophan/kynurenine pathway[474-478]. T. gondii 
infection induces the expression and activation of IDO which 
causes tryptophan depletion and is responsible for the production of 
kynurenines, which occurs at the first steps of the enzymatic pathway. 
This is associated with persistent (life-long) neuroinflammation 
and increased production of glutamate, mitochondrial damage, 
and oxidative stress[453]. Metabolites of tryptophan, L-kynurenine, 
picolinic acid and quinolinic acid, were found to inhibit proliferation 
of CD4+, CD8+ T lymphocytes and NK cells, thus affecting immune 
response of the host to the parasite[479]. In addition, quinolinic acid, 
3-hydroxykynurenine, and 3-hydroxyanthranilic acid, are known 
to have the ability to generate free radicals, which may exert 
antitoxoplasmic effects[480]. IDO is expressed in various immune cells, 
including monocytes, macrophages and microglia[481-483]. The activity 
of IDO can be enhanced by interferons and LPS, and IFN-γ (the 
main IDO activator) is produced during T. gondii infection and has 
important anti-toxoplasmic activity[89,114] thereby strongly supporting 
a link between the infection and development of depression and 
mood disorders. 
    The above-presented data related to antidepressant agents are 
consistent with several reports linking ADHD, ASD, schizophrenia, 
generalized anxiety disorder, and obsessive-compulsive disorder, 
with acute and latent chronic T. gondii infection[94,281,390,484,485,486-490]. 

C. Hyperprolactinemia (HPRL) associated with T. gondii 
infection reflects defense against the pathogen and therefore 
its treatment should be carefully considered. Medications and 
HPRL
Prolactin (PRL) is a hormone that plays an important role in the 
immune system enhancing production of several proinflammatory 
and anti-inflammatory cytokines,, including IL-1b, IL-3, IL-6, IL-
12, IL-10, IFN-γ, and perhaps TNF-α[263,491]. In toxoplasmosis, one 
major function of IFN-γ is the induction of TNF, NO, and production 
of IDO that contribute to the intracellular control of T. gondii[492,493]. 
PRL was found to bind to tachyzoites and this process impairs their 
adhesion and penetration into the host cells[445]. HPRL demonstrated 
in patients with different autoimmune diseases may thus reflect host 
defense against T. gondii infection[73]. PRL was capable of inhibiting 
multiplication of T. gondii in murine microglial cell cultures[263], and 
restricted intracellular growth of the parasite in mice and human cell 
lines[445,494]. Dzitko et al[445] demonstrated that in vitro preincubation of 
T. gondii BK strain (type I) tachyzoites with recombinant human PRL 
(rhPRL) caused a significant decrease in the replication of tachyzoites 
in one murine (L929) and two human (HeLa and Hs27) cell lines. 
Moreover, it was reported that serum human PRL was bound to live 
RH tachyzoites (type I) and ME49 (type II) strains in a specific way 
and the binding was concentration-dependent[495]. Inhibitory effect 
of the hormone on the parasite proliferation has been found in the 
peripheral blood mononuclear cells from patients with HPRL[494]. It 
was also demonstrated that women with HPRL had lower T. gondii 
seroprevalence, and high PRL levels could be related to Toxoplasma 
seronegativity[496,497]. 

Table 9 Possible consequences on neurons of cytokines and biomolecules
secreted upon T. gondii infection  (acc. to Fagard et al [453]; with own 
modification)
Cell type Secreted biomolecules Neurotic

Astrocyte

IL-6 -

GM-CSF -

TNF-α ± 

IL-1b -

Arachidonic acid +

Macrophage
IL-12 -

NO ± 

Microglial cells

RNI +

NO ± 

H2O2 +

IFN-γ -

Glutamate +

Neuron

NO ± 

TNF-α, ± 

Glutamate +

Natural killer cell IFN-γ -

T cell

PAF +

Il-4 -

IFN-γ -

IL-10 -
RNI, reactive oxygen intermediates; PAF, platelet-activating factor; GM-
CSF, granulocyte-macrophage colony stimulating factor. It must be 
noted that T. gondii infection caused a significant increase in dopamine 
metabolism in neural cells, which may lead to psychobehavioral changes 
in toxoplasmosis-infected humans [245]. Dopamine concentrations were 
14% higher in the brain of mice with chronic T. gondii infection than in 
controls [454]. In addition, induction of IDO expression and decreased 
levels of tryptophan and increased formation of kynurenine were found 
in the brain, lungs and serum of infected animals [455]. Moreover, 
dopamine stimulated tachyzoite proliferation in human fibroblast 
and primary neonatal rat astrocyte cell cultures [242], thus further 
enhancing harmful effects of the parasite on the brain function. Finally, 
chronic latent T. gondii infection is associated with various cytokines 
overproduction and it was postulated that cytokines may induce changes 
in mood and behavior leading to depressive illness in man [456, 457].

1. Medication-induced HPRL and T. gondii infection. 
Several drugs may cause HPRL, including antipsychotics, 
antidepressants, opiates and cocaine, antihypertensive preparations 
(verapamil, methyldopa, reserpine), gastrointestinal agents 
(metoclopramide, domperidone, cimetidine, ranitidine), and estrogens 
[498,499] (Table 10). 
    Perkins[500] demonstrated that risperidone (mean dose 4-7.6 mg/
day) was associated with the greatest elevation of plasma PRL levels 
after 4-8 weeks of treatment as compared with haloperidol (5-12.9 
mg/day; almost 100 ng/mL end point PRL concentration). It must be 
noted that some of these drugs, such as chlorpromazine, risperidone, 
clozapine, olanzapine, quetiapine, verapamil, and haloperidol have 
antitoxoplasmic activity[73,131,390,501]. Of note, many women with 
schizophrenia treated with antipsychotic drugs suffer from PRL- 
and endocrine-associated disorders such as galactorrhea and/or 
amenorrhea[502-504]. These abnormalities may be due to latent T. gondii 
infections because there are several studies documenting important 
role of the parasite in development of both schizophrenia[484,490,505] and 
infertility[506-509]. 
    Interestingly, HPRL is associated with a high prevalence of 
serum autoantibodies and high concentrations of proinflammatory 
cytokines[510], and in one study[511], the use of 1,25-dihydroxyvitamin 
D3 for 7 days caused serum PRL levels to double in five healthy men. 
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This may not be surprising because vitamin D exerts antitoxoplasmic 
effects[512,513] and enhances mice sensitivity to toxoplasmosis[514], 
and therefore these “healthy” individuals probably suffered from 
subclinical latent T. gondii infection. Several authors demonstrated 
antinuclear and other autoantibodies in healthy people and in 
general community[515-522], which is in line with approximately 30-
50% of world’s human population infected with the parasite. On 
the other hand, lithium carbonate (a drug used in schizophrenia and 
schizoaffective disorders) appeared to decrease PRL levels by about 
40%[523]. This finding may be explained by the facts that lithium has 
antitoxoplasmic activity[390], and the long-term treatment of such 
patients with this medication[523] probably exerted beneficial effect on 
latent toxoplasmosis undiagnosed in those participants.

V. DEVELOPMENT OF RP DURING THERAPY 
WITH VARIOUS INTERFERONS (IFNS) AND 
THE INCREASED IFN LEVELS OBSERVED 
DURING CLINICAL COURSE OF SEVERAL 
AUTOIMMUNE DISEASES MAY BE CAUSED 
BY CHRONIC LATENT T. GONDII INFECTION
A. Treatment with INFs and development of RP
In humans, there are three main types of IFNs: type I IFNs include 
13 forms of IFN-α and one form of IFN-β (source: plasmacytoid DCs 
(pDCs), fibroblasts), one type II IFN named IFN-γ (NK cells, CD4 
and CD8 cells, DCs, macrophages, B cells), and three members of 
type III IFNs: IFN-l1 (IL-29), IFN-l2 (IL-28A), IFN-l3 (IL-28B), 
and IFN-l4 (pDCs) have been identified[524-527]. The existence of these 
three types of IFNs, using three different receptors suggest that they 
play different roles in host defense against pathogens[528], and are 
associated with different clinical entities. 
    RP has been frequently observed during treatment with various 
INFs[220,529]. A meta-analysis with six eligible studies and 183 patients 
performed by Mohokum et al[530] calculated that the prevalence of RP 
in patients taking IFNs was 13.6% (95% CI 0.026, 0.313). Shapira 
et al[531] analyzed 24 case reports of RP associated with IFN therapy 
and found that IFN-α was the most common medication implicated 
(n = 14), followed by IFN-γ (n = 5) and IFN-β (n = 3), and the 
treatment time lasted from 0.5 to 49 months (mean 15.5 months). 
It is noteworthy that spontaneous recovery occurred for 50% of the 
patients after withdrawal of the cytokine[220,531]. Moreover, it should 
be emphasized that RP was also reported in the so called “healthy 
general population”[532], but a long-term follow up of such individuals 
frequently revealed SSc and various mixed connective tissue diseases 
(MCTD)[186,533], and this may be in agreement with the worldwide 
distribution and easy transmission of T. gondii, especially observed in 
developing countries. 

B. Increased IFN-γ production during acute and chronic latent T. 
gondii infection 
The parasite can successfully infect a wide range of different 
nucleated host cells[534,535]. IFN-γ has been shown to be critical both 
for the early control of T. gondii tachyzoites expansion and for 
preventing reactivation of dormant parasite stages, and the induction 
of NO and RNI have been identified as important effector molecules 
which restrict pathogen growth in infected host cells[95,142]. Nb. an 
association of RP with a polymorphism in the NO synthase 1 gene in 
the general population[43,536] documented that the early production of 
the proinflammatory cytokine IL-12, which stimulates natural killer 
(NK) and CD4+ and CD8+ T cells to release IFN-γ, is important for 

Table 10 Effects of psychotropic drugs on serum PRL levels (acc. to 
Molitch [498]; with own modification)

Medications Increase 
in PRL a

Antipsychotics

  Typical

      Phenotiazines (chlorpromazine,    fluphenazine, thioridazine) +++

      Butyrophenones (haloperidol) +++

      Thioxanthenes (thiothixene) +++

   Atypical

       Risperidone +++

       Molindone ++

       Quetiapine +

       Olanzapine +

Antidepressants

    Tricyclics

        Amitriptyline +

        Desipramine +

        Clomipramine +++

     Monoamine oxidase inhibitors

         Pargyline +++

         Clorgyline +++
a +, PRL increase to abnormal levels in small percentage of patients; 
++, increase to abnormal levels in 25-50% of patients; +++, increase to 
abnormal levels in > 50% of patients.

effective control of the parasite[92,537,538]. Although lysis of pathogen-
infected cells by cytotoxic lymphocytes contributes to host resistance, 
the primary role of these cells is in the production of IFN-γ, which 
upregulates antimicrobial effector mechanisms[539]. The importance 
of IL-12 induction in early phase  of T. gondii infection is supported 
by the reports that monocytes[540], CD8a+ DCs[541], pDCs[542] and 
neutrophils[543] all contribute to the generation of this activation 
signal[536]. CD8a+ DCs produce large amounts of IL-12 but not other 
proinflammatory cytokines, such as TNF and IL-1b [544]. Neutrophils 
are the dominant cell type responsible for early IFN-γ responses[545], 
however the level of IFN-γ observed in each neutrophil is low 
compared to that of activated NK or T cells[545]. On the other hand, 
neutrophils accumulate in large quantities at the site of inflammation 
due to acute T. gondii infection and therefore markedly enhance 
their antitoxoplasmic effects[92,546]. It must be added that IFN-γ alters 
host cell metabolism, which can lead to tryptophan (in fibroblasts)
[114] and iron starvation (in enterocytes)[125] because T. gondii is a 
tryptophan auxotroph. Moreover, IFN-γ induces IDO, an enzyme 
that degrades cellular tryptophan and inhibits pathogen growth 
in human cells[114,547]. This cytokine also stimulates phagocytes to 
produce ROS and RNI, which can lead to parasite damage and 
impede its growth in macrophages[548,549]. Activated macrophages kill 
tachyzoites in vitro[144,550], and IFN-γ is important for immunity acting 
as the “macrophage activating factor”[524]. Moreover, it has also 
been demonstrated that IFN-γ  stimulated the expression of IDO1 in 
human retinal pigment epithelial cells, which inhibited the growth of 
T. gondii and S. aureus[116], and contributed to the host defense against 
the parasite in macrophages[111,551,552].

C. Patients with several autoimmune diseases (ADs) frequently 
have secondary RP and increased various types of IFNs, 
including IFN-l, associated with chronic latent T. gondii infection 
ADs are the third most common category of disease in the 
United States after cancer and cardiovascular disease, affecting 
approximately 14.7-23.5 million people (5-8% of the population) 
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with at least one autoimmune condition[553]. T. gondii infection seems 
to play a critical role in triggering, development and persistence of 
several ADs[73,83,554].

1. SLE patients (involved types I-III IFNs). 
IFNs are believed to be key molecules in the pathogenesis of SLE[555-

557]. Oke et al[556] estimated levels of type I, II and III IFNs in a large 
group of such patients and found that all IFNs were higher in SLE 
individuals than in controls. They suggested that these cytokines 
contribute to the tissue specific pathology and heterogeneity of 
clinical manifestations in this clinical entity with high IFN-γ as well 
as high functional type I IFN activity characteristic of severe SLE, 
elevated levels of IFN-α associated with active mucocutaneous 
inflammation and a more benign cardiovascular profile, while IFN-l1 
in isolation linked with milder disease[556]. In a model TLR7-induced 
lupus, IFN-l promoted immune cell recruitment and tissue-specific 
inflammation (skin and kidney cells)[558]. 
    It must be noted that RP is a frequent manifestation in patients with 
primary Sjögren’s syndrome[559-562], and a pathogenic role of IFN-γ 
has been suggested in such individuals because 36 of 108 patients 
analyzed by  Willeke et al[561] had a markedly increased number of 
IFN-γ-secreting peripheral blood mononuclear cells compared with 
patients without RP or controls. 

2. SSc patients (IFN-γ, IFN-l). 
RP is the earliest and most common manifestation of SSc, affecting 
almost 96% patients[533,557,563], and its independent markers may 
predict progression to full development of SSc by years or 
decades[563,564]. Koenig et al[565] reported that amongst 586 patients 
with RP who were followed up for 3,197 person-years, 74 (12.6%) 
developed  the definite disease with a characteristic microvascular 
damage established by nailfold capillary microscopy. 
    Molteni et al[566] found that patients with SSc affected by RP 
had markedly higher concentrations of IFN-γ cells than healthy 
individuals (Table 11). 
    It was suggested that a population of CD4+ T lymphocytes 
might play a protective role in RP patients and in established 
scleroderma[566]. In one study, development of circumscribed 
scleroderma (morphea) was associated with T. gondii infection and 
the evolution of lesions was correlated with antibodies titre specific 
for the parasite[567]. This finding may be in line with the possible 
involvement of the kynurenine pathway in scleroderma[568].
    IFN-l (IL-29) has immune-regulatory function and plays an 
important role in the pathogenesis of several autoimmune diseases, 
including SSc[569]. This novel IFN family interact through the IFN-l 
receptor whose expression is mainly restricted to cells of epithelial 
origin[570,571]. Table 12 summarizes IFN-l -responsive cell types in 
humans[572]. 
    IFN-l orchestrates innate and adaptive mucosal immune responses 
[572]. It was reported that this cytokine protected intestinal epithelial 
cells from protozoal oral infection with Cryptosporidium parvum[574], 
and therefore may also be effective in common oral infections with T. 
gondii, because IFN-γ-activated primary entero cytes inhibit pathogen 
replication by limiting the availability of intracellular iron to this 
microbe[575]. 
    In patients with SSc, Taveras Dantas et al[569] found that IFN-l1 
and IFN-γ concentrations were markedly higher than in controls, and 
demonstrated a significant positive correlation between IFN-l1 and 
IFN-γ levels (p = 0.0103, r = 0.3526). It appeared also that IFN-γ 
elevations were associated with development of muscle involvement 
(myositis) (p = 0.0483). Other authors[576,577] showed that IFN-l1 

Table 11 In vitro proliferation and IFN-γ production by alloactivated 
PBMCs from SSc and RP patients compared to healthy controls (acc. to 
Molteni et al [566]; with own modification).

Participants Cell proliferation 
(ct/min) P

IFN-γ 
production 
(pg/mL) a

P

Healthy controls 15212 ± 1149 (n=60) 308 ± 34 (n=60)

SSc pts (total group) 30084 ± 2940 (n=48) < 0.001 474 ± 56 (n=49) 0.01

SSc stable disease 31919 ± 4109 (n=26) < 0.001 576 ± 76 (n=27) < 0.001

SSc active disease 27916 ± 4228 (n=22) < 0.001 348 ± 78 (n=22) NS

RP pts (total group) 17791 ± 2881 (n=26) NS 608 ± 78 (n=26) < 0.0001

Idiopathic RP pts 15627 ± 1873 (n= 6) NS 609 ± 97 (n=16) < 0.001

Seropositive RP pts 21254 ± 6959 (n=10) NS 605 ± 134 (n=10) < 0.001
a  The mean level of IFN-γ produced by total clones after stimulation (ct/
min, corrected by dividing the amount of IFN-γ produced by each clone 
by its proliferation). PBMCs, peripheral blood mononuclear cells; pts, 
patients; RP, Raynaud’s phenomenon; SSc, systemic sclerosis.

Table 12 IFN-l-responsive cell types in humans (acc. to Ye et al [572]; 
with own modification).
Cell type Response to IFN-l

Epithelial cells Yes

Hepatocytes ex vivo Yes

Hepatocytes in vivo ND

B cells Yes

Neutrophils Unclear a

pDCs Yes

cDCs ND

BMDCs ND

moDCs Yes/No

T cells No

NK cells No

Macrophages Yes
BMDCs, bone marrow-derived dendritic cells; cDCs, conventional DCs; 
moDCs, monocyte-derived DCs; NK, natural killer; ND, not determined; 
pDCs, plasmacytoid DCs. a Unclear wheather the response is direct or 
indirect. It must be noted that in children IFN-l1 (IL-29) was identified 
as a specifically decreased intraocular biomarker for juvenile idiopathic 
arthritis-associated uveitis as compared to those with idiopathic uveitis (p 
< 0.001) [573].

inhibited human TH2 cell responses by diminishing secretion 
of cytokines IL-4, IL-5 and IL-13 in T cells. This cytokine also 
enhanced IL-6, IL-8 and IL-10 production by monocytes in a dose-
dependent manner[576,578].

3. RA patients (IFN-γ, INF-α). 
RA may traditionally be included among the diseases associated with 
development of Raynaud’s syndrome. A meta-analysis of 28 studies 
contributing data on 3,730 participants with RA, a pooled prevalence 
of 12.3% and 95% CI 0.093-0.157 were obtained[579]. IFN-γ may 
activate both antigen presenting cells and CD+ T cells, and thereby 
contributes to the autoimmunity in RA[580]. Anti-IFN-γ and anti-
TNF-α antibodies showed similar efficacy in patients with active 
RA[580,581]. This is not surprising because toxoplasmosis has been 
considered as a potential risk factor for rheumatoid patients[73,582,583]. A 
meta-analysis of data from eight articles encompassing 1244 patients 
with RA (46% with toxoplasmosis) and 2799 controls (21%) showed 
OR 3.30 (95% Cl 2.05-5.30, p < 0.0001)[582]. 

4. Other diseases. 
Some other ADs, including migraine[584-589], diabetes mellitus[590,591], 
and Leśniowski-Crohn disease[592] also had a significantly increased 
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prevalence of RP compared with controls. The authors suggested that 
the microvascular disturbances associated with RP may play a role in 
the pathophysiology of these clinical entities. This motion is in line 
with well documented important role of T. gondii infection in these 
disorders[73,74,469,593,594]. 

VI. INCREASED BLOOD VISCOSITY IN BOTH 
RAYNAUD’S DISEASE AND ACUTE/CHRON-
IC LATENT T. GONDII INFECTION  
RP
A. Patients with PRP and SRP have significantly decreased blood 
pressure in hands compared with controls 
Studies showed that both patients with PRP and SRP had a markedly 
lower blood pressure in fingertips (p < 0.0001), periungual (p < 
0.0001), palmar side of 3rd finger (p < 0.0001), and palm areas (p < 
0.0001), than controls. Moreover, blood pressure was significantly 
lower in PRP than in SRP and SSc patients in the above areas as (p 
< 0.04)[595]. At 10oC patients with PRP also had finger systolic blood 
pressure markedly lower compared to controls[596].

B. RP and changes in blood platelets: gender differences and 
effect of cold exposure
Butkiewicz et al[597] reported gender-dependent differences in the 
distribution of normal platelet counts in healthy blood donors with 
markedly higher counts being observed in females than in males 
(p = 0.0002). In addition, Ali et al[598] analyzed 2376 blood samples 
(791 males, 1565 females, age range 16-91 yrs)] and found that 
sex-divided ranges for  mean platelet volume, platelet large cell 
ratio, and plateletcrit were significantly higher in women than in 
men (p = 0.007, p = 0.015, and p < 0.001, respectively). It must 
be noted that cytokine thrombopoietin (TPO) concentrations have 
also been sex-dependent but they were markedly lower in women 
than in men (p = 0.03)[3]. Otherwise it is known that TPO may 
augment platelet P-selectin expression stimulating platelet-leukocyte 
interactions[599-601], and primes platelet aggregation in response to 
shear stress and several agonists[602]. 
    In healthy young volunteers Neri Serneri et al[603] investigated 
the effects of cold application on platelet aggregation ratio, 
β-thromboglobulin (β-TG) release and plasma thromboxane B2 
(TxB2) levels and demonstrated a prompt and marked increase in 
platelet aggregates and plasma β-TG and TxB2 concentrations. It must 
be added that platelet-derived β-TGs increased the rate of thrombin 
generation, and modulated coagulation through an interaction with 
Factor X[604].

C. RP and an increased whole blood and/or plasma viscosity
In PRP and SRP patients elevated whole blood and/or plasma 
viscosity, fibrinogen and erythrocyte aggregation are the main 
findings after exposure to cold[605-609]. For example, Goyle et al[609]

measured whole blood viscosity in 10 patients with RP and in 10 
healthy controls at 27°C and 37°C. The viscosity was markedly 
higher (p < 0.05) at 27°C than that of the controls when measured 
at a low shear-rate (0.77 s-1); (nb. low shear rates occur in veins and 
in arteries in areas of flow separation caused by changing arterial 
geometry such as dilatations, branches, and curves[610]). 
    Whole blood viscosity (WBV) is determined by hematocrit, 
plasma viscosity, red blood cell aggregation, deformability, shear 
stress, and other factors. Plasma viscosity depends on plasma protein 
concentrations, predominantly fibrinogen, especially in SRP [611,612]. 
Moreover, in inflammation blood viscosity is increased by elevated 

concentrations of acute phase reactants and hypergammaglobulinemia 
[610]. Vaya et al[608] found that age was markedly higher in patients 
with SRP than in those with PRP, and that serum IgA, IgG, and 
plasma viscosity were higher in SRP than in healthy controls (p < 
0.05). Patients with digital ulcers had significantly higher serum IgA 
levels (p = 0.012), lower erythrocyte aggregation time (p = 0.008), 
and a trend for higher plasma fibrinogen concentrations (p = 0.064) 
and plasma viscosity (p = 0.069)[608]. The authors suggested that 
immunoglobulin levels seemed to aggravate the rheological changes 
in these subjects[608], and this proposition is in line with the increased 
serum IgG, IgM and IgA concentrations observed in patients during 
the course of toxoplasmosis[135,613].
    Interestingly, Ho et al[614] in 113 participants with different 
hemoglobin, white blood cells (WBC) and platelet count showed 
that hematocrit, hemoglobin, red blood cells, as well as the increased 
WBC and platelet counts may impair whole blood viscosity (WBC, 
r = 0.261, p = 0.005; platelets, r = 0.227, p = 0.016) but not plasma 
viscosity. Other authors[615] also reported that platelets were hyper-
reactive to fluid shear stress at temperatures of 24, 32, and 35°C as 
compared to 37°C, and these changes lead to the platelet enhanced 
aggregation and increased whole blood viscosity. Thus, more blood 
components in RP than reported to date participate in development of 
whole blood and/or plasma viscosity, especially in cold environment.
 
D. RP and increased blood viscosity as well as blood coagulation 
disturbances in the patients with venous thromboembolism 
(VTE) 
Increased blood viscosity contributes to the association of acute 
infections with VTE, venous thrombosis, and myocardial infarction 
[610]. VTE is a quite common condition and its incidence increases 
with age[616]. Żuk et al[617] studied 360 patients with VTE with 
no autoimmune disease and found that PRP occurred in 17% 
participants, with almost 4-fold higher prevalence among women 
than in men, acting as a potential risk factor for this clinical entity. 
Individuals with PRP tended to form more dense plasma fibrin 
clots displaying impaired lysability and had increased endothelial 
damage. Patients with PRP had higher fibrinogen and  vWF levels, 
lower plasma clot permeability, and longer clot lysis time (CLT) (all 
p < 0.05). CLT showed positive associations with PAI-1 (r = 0.33, 
p = 0.012) and vWF (r = 0.35, p = 0.0072). PRP appeared to be a 
predictor of prolonged CLT in the whole analyzed group (OR 3.46, 
95% CI 1.92-6.24) and in women following VTE (OR 2.75, 95% CI 
1.31-5.78)[617]. Interestingly, there is some evidence of venodilation in 
the patients with PRP[618].

E. Beneficial effects of piracetam on the whole blood viscosity and 
platelets, and red and white blood cells deformability in PRP and 
SRP. A possible strong link with T. gondii infection
Piracetam, a γ-aminobutyric acid (GABA) derivative, was found 
to reduce erythrocyte adhesion to vascular endothelium, hinder 
vasospasm, and improve microcirculation[619-623]. In patients 
with PRP and SRP the drug in a dose-dependent manner caused 
a significant reduction in blood and plasma viscosity and 30-
40% decrease in plasma fibrinogen and vWF levels, as well as an 
increase in red and white blood cells and platelets deformability. 
Pharmacological effects of piracetam has been attributed to 
inhibition of platelet function by inhibition of thromboxane A2 
synthetase or antagonism of thromboxane A2 activity, and a direct 
stimulant effect on prostacyclin synthesis in endothelium, which 
has both vasodilator and platelet aggregation inhibitory properties. 
Importantly, the drug had no evident side effects[624,625]. It must 
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be noted that the endothelial production of prostacyclin and NO 
molecules that increase erythrocyte deformability and decrease 
erythrocyte and platelet aggregability, is shear rate-dependent[626-628], 
and NO/RNI play an important role in the host defense against T. 
gondii infection[95,98,117,629]. 
    Finally, it must be emphasized that GABA receptor-associated 
protein-like 2 (GABARAPL2) plays a pivotal role in the growth 
restriction of T. gondii in HeLa cells treated with IFN-γ, and this 
protein is recruited to membrane structures surrounding PV[630]. 
GABA is synthesized and released by the endothelium[631]. The drug 
receptors have been found in DCs, macrophages and T lymphocytes, 
and all these cells are capable to produce GABA[632]. GABA was 
demonstrated to be a potent regulator of both TH1- and TH2-types 
cytokine secretion from human peripheral blood mononuclear 
cells and CD4+ T cells where this aminoacid generally decreases 
these processes in a concentration-dependent manner[633]. It was 
demonstrated that GABA agonists decreased TNF, IL-6, and IL-
12 production and inhibited T lymphocyte proliferation indicating 
that this aminoacid have potential anti-inflammatory activity, 
especially in autoimmune diseases[634,635]. Thus, piracetam may also 
play an important role in defense against T. gondii infection through 
modulation of host immunity, beneficial effects on inflammation 
processes, and a direct antiparasitic action.

T. gondii infection
A. Infection with T. gondii increases P-selectin, mean platelet 
volume and oxidative stress in the host
Hamdy et al[636] found that in patients with acute and chronic T. gondii 
infection mean platelet volume (MPV), serum malondialdehyde 
(MDA, a lipid peroxidation marker), oxidized glutathione (GSSG), 
and soluble P-selectin (an inflammatory biomarker) concentrations 
were significantly higher than in healthy controls. On the other hand, 
serum total glutathione (tGSH) and reduced glutathione (GSH, an 
antioxidant) levels in the patients were markedly lower compared 
with controls (Tables 13 and 14). In all analyzed T. gondii patients 
sP-selectin concentrations showed a significant positive correlation 
with mean platelet volume and platelet count  (p = 0.000 and p 
=0.014, respectively)[636]. Similar abnormalities in GSH and MDA 
levels have also been reported by other authors[136,637].

B. Effects of T. gondii infection on blood coagulation and 
fibrinolysis 
In animals, Johnson et al[638] found that T. gondii infection caused 
disturbances in blood coagulation and at the same time was 
associated with a critical protective function. It was demonstrated that 
after peroral infection with avirulent strain ME49 T. gondii, C57BL/6 
mice build up a strong TH1 type immune response, characterized by 
robust IFN-γ generation, which quickly included parasite replication. 
The infection prompted a transient coagulative response, and the 
authors[638] detected markedly elevated fibrin levels in T. gondii-
infected animals, including fibrin deposition within hepatic and 
intestinal tissues which kinetically correlated with peaks in both 
parasite burdens and hallmarks of TH1 type immunity. Moreover, 
IFN-γ stimulated also expression of genes in macrophages that favors 
and/or stabilize fibrin deposition[639-641]. 
    Mullarky et al[642] demonstrated an important role for the signal 
transducer and activator of transducer-1 (STAT1) in the suppression 
of infection-stimulated fibrin deposition via a STAT1-dependent 
pathway operating in endothelial cells, and interestingly, expression 
of plasminogen activator inhibitor-1 (PAI-1), the main regulator of 
endogenous fibrinolytic enzyme system, is also STAT1 regulated 

[643]. IFN-γ appeared to suppress expression of PAI-1 in endothelial 
cells[644], and as PAI-1 antagonizes fibrin degradation, thereby 
promoting fibrin deposition, STAT1-mediated suppression of PAI-
1 expression in endothelial cells. This may well account for the 
effects of IFN-γ on fibrin deposition during infection[642]. In addition, 
a simultaneously increased IL-4 (an anti-inflammatory cytokine) 
during inflammation may suppress PAI-2 formation in stimulated 
human monocytes[641,645] suggesting that TH1 type immunity may 
locally up-regulate procoagulant activity, thereby protecting against 
its own destructive effects. Mullarky and his group[642] finally 
established that neither the pathogen burden nor hemorrhage was 
a primary regulator of fibrin levels. They emphasized that two 
TH1type cytokines exerted dominant and opposite regulatory roles: 
IFN-γ acting via STAT1 suppressed fibrin deposition, while TNF-α 
promoted fibrin deposition, especially through stimulation of PAI-
1 production by endothelial cells and decreased blood fibrinolytic 
activity[646-648]. TNF-α also increased expression of procoagulant 
biomolecules and decreased expression of anticoagulant factors[649,650], 
and/or suppressed fibrin degradation in human endothelial cells[647,648]. 
Moreover, studies showed that TFN-α may favor fibrin deposition 
by stimulating vascular wall permeability [651,652], and it was reported 
that fibrin can upregulate expression of proinflammatory cytokines 
and chemokines in humans[653]. Thus, the vigorous activation of the 
host immune system can damage T. gondii-infected tissue while 
simultaneously limiting hemorrhage and promoting tissue repair 
through the deposition of protective fibrin [642].

C. Infection with the parasite may be associated with RP and 
cryoglobulinemia 
Several authors documented increasing blood viscosity by induction 
of serum cryoprecipitation, deposition of immune complexes, and 
arterial occlusion by thrombi caused by the procoagulant activity 

Table 13 Platelet count and platelet volume in patients with acute and 
chronic T. gondii infection and controls  (acc. to Hamdy et al [636]; with 
own modifications).

Parameters
Controls T. gondii patients

(n = 10) Acute infection 
(n = 10)

Chronic infection 
(n = 20)

Platelet count (x109/L) 243.5 ± 39.3 
(194-341)

258.7 ± 25.6 
(222-293)

264.3 ± 68.4 
(151-387)

Platelet volume (fL) 7.67 ± 0.93 
(6.5-10.0)

12.2 ± 1.4 a  
(10.3-14.9)

13.1 ± 1.5 a  
(10.9-15.2)

Results are means ± SD; values in parentheses denote range. a Results 
significantly higher compared with controls (p = 0.000).

Table 14 Serum MDA, tGSH,  GSH, GSSG, and sP-selectin concentrations 
in patients with acute and chronic T. gondii infection and controls (acc. to 
Hamdy et al [636]; with own modifications).

Parameters
Controls T. gondii patients

(n = 10) Acute infection 
(n = 10)

Chronic infection 
(n = 20)

MDA (nmol/mL) 0.377 ± 0.12 
(0.21-0.57)

7.2 ± 4.5 a  
(0.68-12.5)

4.6 ± 3.03 a  
(0.83-9.7)

tGSH (nmol/mL) 11.42 ± 0.414 
(11.00-12.5)

8.9 ± 1.27 a  
(6.6-10.4)

9.3 ± 0.85 a  
(7.5-10.8)

GSH (nmol/mL) 11.01 ± 0.43 
(10.56-12.10)

8.4 ± 1.37 a  
(5.8-9.9)

8.6 ± 0.89 a 
(6.8-10.2)

GSSG (nmol/mL) 0.38 ± 0.05 
(0.26-0.44)

0.59 ± 0.14 a  
(0.48-0.88)

0.65 ± .15 a ,b

(0.48-0.96)

sP-selectin (ng/mL) 7.28 ± 1.85 
(3.96-9.00)

13.2 ± 3.24 a  
(9.2-19.2)

15.5 ± 3.96 a  
(10.1-21.4)

a Values statistically significant compared with controls (p = 0.000). Values 
in parentheses denote range. b The value was markedly higher compared 
with that in the patients with acute T. gondii infection (p < 0.038).
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of  IFNs α, b, and γ[220,324,530,531,654]. It was suggested that clinical 
features of type I cryoglobulinemia (5-25% of cases with monoclonal 
immunoglobulin) are often related to blood hyperviscosity and 
thrombosis, and clinical symptoms, such as RP, digital ischemia, 
livedo reticularis, purpura, and various neurologic disturbances may 
be observed[324,655]. 
    It was reported that T. gondii infection associated with development 
of digital vasculitis, periarteritis nodosa, thromboangiitis obliterans 
(TO)[324], and a number of autoimmune diseases manifesting with 
cryoglobulinemia[83], had initially been presenting as PRP or SRP. 
For example, Mohokum et al[530] performed a meta-analysis of eight 
studies contributing data on 851 patients with SRP associated with 
TO and found a pooled prevalence of 28.1% (95% [CI] = 0.158, 
0.423). 
    Shapira et al[83] studied the sera of 1514 patients with various 
autoimmune diseases for the prevalence of anti-T. gondii antibodies 
(ATA)  IgG and IgM and serum autoantibodies. They found that 
serum IgG were positive in 42% of patients with autoimmune 
diseases vs. 29% of controls (p < 0.0001). ATA IgG were associated 
with cryoglobulinemia (p < 0.0001), antineutrophil cytoplasmic 
autoantibodies-associated vasculitides, SSc, and rheumatoid arthritis. 
ATA IgM were more prevalent in patients with SSc than in controls 
(p < 0.05)[83]. Cryoglobulinemia associated with T. gondii infection 
has also been reported in patients with SLE, Sjögren’s syndrome, and 
vasculitis[324]. On the other hand, patients with hepatitis C and mixed 
cryoglobulinemia (IgG and IgM) were found to have markedly 
increased seroprevalence of anti-T. gondii IgG[324,656]. Although both 
these infections contribute to development of cryoglobulinemia these 
findings may well illustrate the puzzle of what was the first - chicken 
or the egg concerning the priority of infection, similarly like the 
concomitant T. gondii and viral infections reported in the children 
and adults manifesting with hand, foot and mouth disease in Henan 
province (China)[657,658]. 
    Finally, it should be noted that blood platelets provide important 
contribution to the thrombo-inflammatory response that affects 
hemostatic, immunomodulatory, and inflammatory activities in the 
host, because they adhere and aggregate to other platelets and to 
endothelial cells, leukocytes, and erythrocytes[659-662]. Endothelial 
activation biomarkers increased during infection are associated 
with a thrombotic state[662]. During activation, platelets can bind 
to the endothelium[661], especially after damage due to microbial 
colonization[663]. Activated platelets can induce superoxide anion 
release by monocytes and neutrophils through P-selectin[664]. The 
interactions between platelets and innate immune cells promotes 
thrombosis, inflammation, and tissue damage, but they also regulate 
the resolution of inflammation, tissue repair, and wound healing [665]. 
It must however be emphasized that platelets play an important role 
in the host defense against T. gondii infection[253,254]. 

VII. PLASMA VOLUME EXPANDER HY-
DROXYETHYL STARCH (HES) IMPAIRS VWF 
RELEASE FROM ENDOTHELIAL CELLS. HES 
BINDING TO PLATELET SURFACE MAY DI-
MINISH HOST DEFENSE AGAINST T. GONDII 
INFECTION. DEGRADATION AND LYSIS OF 
TOXOPLASMA TACHYZOITES/PVS AND THE 
ACCUMULATED PROTEIN DEBRIS IN ENDO-
THELIAL CELLS PROBABLY PARTICIPATE IN 

THE FORMATION OF LARGE vWF MULTIM-
ERS AND DEVELOPMENT OF ACQUIRED vW 
SYNDROME 
A. HES (a colloidal synthetically modified polymer of 
amylopectin) administration may be associated with development 
of RP and reactivation of chronic latent T. gondii infection in the 
host 
A case history: Bojinova et al[666] described a teenager who during 
the spine surgery lasting 8 hrs received several drugs routinely, and 
0.5 L HES and 1 L Ringer’s lactate infusions because of blood loss 
and negative fluid balance. The laboratory tests showed markedly 
decreased hematocrit and hemoglobin resulting in anemia. The 
plasma endothelin-1 (ET-1) concentration was increased (2.9 pg/mL, 
upper limit 2.5 pg/mL). Cold-provocation test showed blood flow 
cessation in one out of four left eye capillaries for 57 sec (norm = < 
10 sec). Before admission, the patient complained of cold extremities, 
had migraine and headaches, low blood pressure, low body weight, 
and reversible skin blotches (red or white). After the operation 
he developed ocular hypoxia (reduced venous vasodilation in the 
disturbed left eye) and reduced arterial vasodilation in the uninvolved 
right eye). Eye fundus photograph performed 7 days after admission 
showed in the left eye disc pallor, constriction of the peripapillary 
arterial vessels, and hypopigmentation of the peripapillary 
choroids[666]. Careful analysis of the patient’s past medical history 
and the obtained clinical and laboratory findings may suggest that 
the teenager suffered from undiagnosed reactivation of chronic latent 
toxoplasmosis: anemia[667,668], increased ET-1[135], spine surgery[669-671], 
migraine and headaches[593,668,672,673], low body weight[35,71,674], skin 
blotches[675-677], and ocular toxoplasmosis[678-680]. Moreover, it seems 
that the HES infusion probably triggered RP development (cold 
extremities and positive cold-provocation test of the eye capillaries). 
Moreover, the hypopigmentation in the teenager may be in line with 
the history of incontinentia pigmenti diagnosed shortly after birth in 
a 5-years-old girl with secondary RP[681], and the harmful effects of T. 
gondii infection on retinal pigment epithelial cells[682,683].

B. HES accumulation in endothelial cells may affect their shape 
and function 
HES solutions are widely used for hemodilution and plasma volume 
expansion. Nohe et al[18] documented accumulation of HES in 
human umbilical venous endothelial cells (HUVEC). They found 
that the fluorescein-conjugated HES 200/0.5 incubated with these 
cells was internalized in a dose- and time-dependent manner by 
pinocytosis into secondary lysosomes, and 50% of the formerly 
ingested HES molecules could not be eliminated. Interestingly, 
despite accumulation, HES did not attenuate the expression of 
E-selectin, ICAM-1 or VCAM-1 on TNF-α-activated HUVEC[684]. 
It must be noted that the treatment of human microvascular 
endothelial cells with HES resulted in a dose-dependent increase in 
157-phosphorylated vasodilator-stimulated phosphoprotein, a protein 
responsible for controlling the geometry of actin-filaments[685], and 
this can therefore affect shape and function of the host endothelial 
cells. 

C. HES increases endothelial binding of polymorphonuclear 
leukocytes (PMNs) which may enhance T. gondii dissemination in 
the host
Binding of activated PMNs to bovine aortic endothelial cells was 
found to be significantly increased by HES[686]. Inflammatory 
vascular injury has been shown to include an important role 
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for neutrophil-derived myeloperoxidase (MPO), which directly 
mediates biomolecule oxidation and catalytically biodegrades NO, 
thus impairing the vascular relaxation, eicosanoid-regulatory, cell 
adhesion, and anti-inflammatory actions of these reactive signaling 
species[687]. MPO from degranulation of activated PMNs avidly 
binds to the endothelium in vitro and in vivo. In the presence of HES, 
bovine aortic endothelial cells exposed to N-formyl-methionyl-
leucyl-phenylalanine-activated PMNs showed significantly greater 
bound PMN and MPO activity (Table 15)[686].
    It must be emphasized that T. gondii can invade and multiply 
inside any nucleated cell type including epithelial cells and blood 
leukocytes[688,689]. Several studies indicated that DCs and monocyte/
macrophages function as systemic parasite transporters during 
infection[74,689-691]. The parasite can be also transmitted from infected 
DC to NK cells[692], and NK cells and T cells have been suggested to 
contribute to parasite dissemination via a sequestering mechanism 
[692,693]. Taking all these facts into consideration one cannot exclude 
that HES administration may, at least in part, favor infection with 
T. gondii and/or cause reinfection, especially in individuals with 
impaired innate and/or acquired immunity.

D. Binding of HES to platelet surface may diminish host defense 
during toxoplasmosis
Deusch et al[694] demonstrated extracellular binding of HES 
molecules to the platelet surface. The percentage of platelets 
binding fluorochrome-coupled HES was found to be increased in 
a concentration-dependent manner at clinically relevant levels of 
hemodilution[694,695]. It appeared that HES solutions impaired platelet 
function by reducing  the availability of the fibrinogen glycoprotein 
IIb-IIIa receptor on the platelet surface[694-697]. Chemical properties 
of HES molecules such as the mean molecular weight and the extent 
of substitution[696,697] modulate their influence on platelets[695,698]. 
Nb. blood loss was found to be greater in cardiac surgical patients 
receiving high vs. middle molecular weight HES[699]. It was also 
suggested that the high concentration of calcium in the crystalloidal 
solvent in Hextend® may be responsible for the platelet-activating 
effect[695]. Although Gamsjager et al[700] excluded the interference 
of HES with calcium-dependent intracellular signal transduction 
pathways as a mechanism of HES-induced platelet dysfunction, it 
seems that this process may however take place because T. gondii 
tachyzoites increase their gliding motility and secretion of the 
micronemes in calcium-rich environment and drive host cell invasion 
and egress of the parasite[364,365,380]. This explanation may support the 
important role of  calcium suggested by  Deusch et al[695], and the 
calculated by them approximately 16% degree of hemodilution after 
intravenous 10 ml/kg of 6% Hextend® (m.w. 670 kDa) administration 
in healthy volunteers probably also affected platelet-inhibiting and/or 
stimulating effects[695,701,702]. 
    Human platelets are cytotoxic to tachyzoites of T. gondii and 
adherence of these cells to the microbes and disruption of surface 
membranes, as well as cytoplasmic contents, were observed 
ultrastructurally[696]. Platelet to tachyzoites ratios as low as 1:3 were 
toxic to the pathogens with direct cell-cell contact critical for platelet-
mediated cytotoxicity, and it appeared that release of thromboxane 
B2 (TxB2) in stimulated platelets was responsible for this effect[696]. 
Toxoplasmacidal activity was retained even in the TxB2 synthetase-
containing microsomal fractions of platelets disrupted by freezing and 
thawing[696]. In the Fischer rat model, a cytotoxic effect of tachyzoites 
mediated by platelets and IgE antibodies has been documented[278,703]. 
Moreover, platelet-derived growth factor (PDGF) impaired growth 
of the parasites within host cells and this action probably involved 

Table 15 Influence of human serum albumin (HSA) and HES on 
endothelial binding of MPO released by activated PMNs (acc. to Lang et 
al [686]; with own modifications).
Condition MPO activity (nM x min-1 x cell well-1 )

Nonactivated PMNs 14.6 ± 3.2

Activated PMNs b 20.9 ± 4.7

HSA 19.3 ± 3.3

HES 34.6 ± 4.5 a,b

HES ,  hydroxyethyl  s tarch ;  MPO,  myeloperox idase ;  PMNs, 
polymorphonuclear leukocytes. a p < 0.05 vs. untreated controls. b p < 0.05 
vs. N-formyl-methionyl-leucyl-phenylalanine-activated PMNs.

the cyclooxygenase cycle and/or increased IL-6 generation[253]. In 
addition, it was demonstrated that PDGF modulated several responses 
of vascular smooth muscle cells, including a time- and concentration-
dependent increase in the levels of heme oxygenase-1 mRNA and 
protein, CO synthesis, generation of ROS, and downregulated the 
induction of NO synthesis by IL-1b in these cells[704,705]. 

E. HES impairs vWF release from endothelial cells. Protein 
debris resulting from degradation and lysis of T. gondii 
tachyzoites and PVs in endothelial cells probably participate 
in the formation of large vWF multimers and development of 
acquired vW syndrome (AvWS) 
vWF was found to be adsorbed on HES macromolecules[706,707], 
and cultured vascular endothelial cell exposure to HES showed 
dose-dependent inhibition of stimulated vWF release[708], thus HES 
administration may accentuate von Willebrand disease (vWD). 
    AvWS is a rare bleeding disorder with laboratory findings similar 
to those for congenital vWD, but it occurs in 0.04-0.13% of the 
general population[709]. Interestingly, AvWS was observed usually in 
individuals with no personal or family history of bleeding diathesis 
[710,711], and occurred regardless of age, most often in elderly people 
with some other underlying diseases[709]. It is a rare clinical entity 
in children with only 113 pediatric cases published in the literature 
between 1968 and 2009[712], most frequently found in association 
with congenital or acquired heart defects[713,714]. AvWS was often 
reported in patients with lymphoproliferative, myeloproliferative and 
cardiovascular disorders, autoimmune disturbances (SLE, connective 
tissue diseases, hypothyroidism, diabetes), infections, uremia, and 
the use of various drugs, including HES solutions[710,711,715-717]. Several 
of these clinical entities have been associated with chronic latent 
T. gondii infection. It must be added that treatment with valproic 
acid in children was also connected with AvWS development and 
coagulation disturbances[718,719], and otherwise it is known that the 
drug effectively inhibited T. gondii growth in vitro[390].
    It must be emphasized that T. gondii is a widespread pathogen 
which causes congenital and acquired toxoplasmosis[48,58] manifesting 
as a wide range of various diseases, including several of the 
abovementioned clinical entities[50,73,74,122,469], and associated with 
development of AvWS. The frequency of infection with the parasite 
significantly increases in elderly subjects[51,61]. The pathogen secretory 
microneme proteins are essential for T. gondii tachyzoites motility 
and host cell invasion, and MIC2-M2AP (associated protein) is 
an abundant microneme complex critical for operating both these 
functions (MIC2 and M2AP are stored in micronemes as proforms) 
[720,721]. In addition, adhesion MIC is bridging the extracellular 
attachment of the host cells to the intracellular actin-myosin motor 
system responsible for cytoskeletal reorganization of the pathogen 
to drive invasion[720,721]. Importantly, with a vWF A domain and six 
thrombospondin repeat domains in its ectodomain, MIC2 connects to 
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the parasite actomyosin system through its cytoplasmic tail[720,722]. 
    These findings may at least in part explain the pathophysiological 
relationship between T. gondii infection and development of AvWS 
in the host, which leads to the transitory persistence of large vWF 
multimers. The hightened proteolysis of vWF in two patients with 
AvWS receiving ciprofloxacin or doxycyclin (the antibiotics with 
antitoxoplasmic and anti-inflammatory activity)[723-725] may support 
the presence of such link[726,727]. It must be noted that in mice 
infected with ME49 strain T. gondii  the levels of ADAMTS13 (A 
Disintegrin-like And Metalloprotease with ThromboSpondin type 
1 motif), caspase 3, 8, and 9, and TNFR1 expression were found 
to be increased significantly and kept enhanced for several days[728-

730]. In addition, it was reported that T. gondii infection caused 
sustained neuroinflammation and microvascular dysfunction[129]. 
Endothelial cells can be stimulated to secrete long vWF strings by 
proinflammatory cytokines (TNF-α, IL-6, and IL-8)[731]. Otherwise 
it is known that vWF is synthesized in vascular endothelial cells and 
these cells also synthesize and release ADAMTS13[732,733], which 
cleaves long vWF multimeric strings anchored to endothelial cells 
[734]. Acute or chronic latent T. gondii infections may therefore be 
associated with the increased consumption of ADAMTS13 and, 
for example, Mannucci et al[735] reported that patients with SLE had 
deficiency of the protease and increased level of IgG autoantibodies 
[83] that probably have been induced by the parasite[73]. Of note, it 
was found that inhibition of ADAMTS13 reduced vWF degradation 
also during high shear stress[733,736,737], and otherwise it is known 
that shear forces enhance T. gondii tachyzoite motility on vascular 
endothelium[120]. 

VIII. INTRAVENOUS FUNDUS FLUORESCEIN 
ANGIOGRAPHY (IFFA)-INDUCED RP MAY 
BE ASSOCIATED WITH T. GONDII INFEC-
TION. LOW TEMPERATURE INCREASES BIND-
ING OF FLUORESCEIN TO HUMAN SERUM 
PROTEINS. THE FLUORESCEIN-LABELED 
HORMONE PROLACTIN FORMS A MACRO-
MOLECULE WITH SERUM ALBUMIN WHICH 
MAY DIMINISH HOST DEFENSE AGAINST 
THE PARASITE 
A. IFFA and development of RP 
IFFA is a frequently performed and practically useful diagnostic 
procedure in ophthalmology clinic. In a recent review of literature 
adverse reactions to IFFA ranged from 0.083% to 21.69%, and 
were subdivided into mild (1.24-17.65%), moderate (0.2-6%), and 
severe (0.04-0.59%), including 1:100,000 to 1:220,000 deaths[738-740]. 
In one study, 9.72% of adverse reactions to IFFA were found in 
the patients who had this test performed for the first time[741], and 
some risk factors associated with the occurrence of side effects with 
fluorescein included diabetes, arterial hypertension, and drug allergy 
history[741,742].
    In the literature, there are only few cases reported of RP which 
developed after IFFA[743-745]. Blaise et al[743] described a 71-yrs-old 
man who was admitted because of decreased vision in the left eye, 
and one hour after IFA his nose and the two distal phalanges of each 
finger were found to be discolored. The patient was diagnosed as 
RP secondary to the stress associated with his visual problem, and 
his earlier history, clinical examination and laboratory results were 

insignificant. However, one cannot exclude that this patients suffered 
from latent ocular toxoplasmosis because T. gondii serofrequency 
in persons older than 65 yrs was found to become systematically 
increased reaching almost 100%[61]. Recently, retinal RP was 
visualized in a 22-years-old women with SLE retinopathy who had 
unaffected vision[745]. The fundus fluorescein angiogram following 
bolus injection of the dye showed a cyclical filling and emptying 
of the retinal vessels with no evident perfusion deficit[745]. In this 
case it must be noted that patients with SLE and other autoimmune 
diseases have significantly increased prevalence of anti-Toxoplasma 
antibodies compared with controls[73,554]. 

B. The dye and T. gondii infection 
Results of the study by Rockey et al[746] may be in line with the 
commonly accepted opinion that RP attacks are precipitated in 
individuals exposed to cold and emotional stress because the binding 
of fluorescein to human serum proteins measured by equilibrium 
dialysis at 4oC showed that the association constant for the dye was 
almost twice higher than that obtained at 37oC (7.1 × 10(3) vs. 3.7 
× 10(3)M-1, respectively). It was calculated that 93.5% of the total 
fluorescein would be bound by undiluted human serum proteins 
at 37oC[746]. This may favor formation of macromolecules with 
serum proteins, and for example Church et al[747] demonstrated that 
the fluorescein-labeled prolactin-bovine serum albumin complex 
was bridged through the fluorescein moiety and not the prolactin 
molecule. As a result, the hormone in this protein complex may not 
be effective in binding to T. gondii tachyzoites at least for a certain 
period of time, leading to its diminished antitoxoplasmic effect and/
or increased pathogen reactivation in the host tissues[73,263,445].
    Norose et al[748] demonstrated that in tissues of WT C57BL/6 
mice, T. gondii was detected in the following order: brain, retina, 
choroid, sclera, and optic nerve (ON) (the highest parasite load was 
found in the posterior retina). In IFN-γ knockout (GKO) mice, the 
pathogen load was highest in the choroid and ON. It appeared that 
IFN-γ regulated the T. gondii load and interconversion in the eye, and 
tachyzoites were present in GKO mice, whereas bradyzoites were 
observed in WT C57BL/6 mice. Interestingly, fluorescein showed 
dye leakage from the retinal capillaries of GKO mice, and therefore 
a toxoplasmic vasculitis model was established with these animals 
[745]. The conversion of tachyzoites into bradyzoites is a way for the 
parasite to establish a chronic and asymptomatic infection together 
with lifelong persistence in the host. The bradyzoites form tissue 
cysts in the retina, and Kim et al[749] reported that both ganglion cells 
(a type of retinal neurons) and Müller cells (predominant retinal glial 
cells) could harbor cysts and suggested that microglial cells play a 
role in chronic ocular toxoplasmosis. 

IX. LOW WEIGHT, PRIOR INVOLUNTARY 
WEIGHT LOSS, AND ANOREXIA NER-
VOSA (AN) ASSOCIATED WITH RP MAY 
BE CAUSED BY ACUTE AND CHRONIC T. 
GONDII INFECTION
A. Development of RP and decreases of body weight
Approximately 95% of persons with an eating disorder are 12-25 
years of age, and  90% are females. In the US, anorexia nervosa 
(AN) affects one out of 200 females (mild AN: BMI ≥ 17 kg/m2, 
moderate: 16-16.99, severe: 15-15.99, and extreme AN: < 15 kg/m2). 
This clinical entity is frequently accompanied by depression and/or 
other comorbid psychiatric disorders[750]. 
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    In a population-based cohort study Abulle et al[35] analyzed the 
questionnaire completed by 93 935 participants and found  that the 
prevalence of RP was 4.2%, being three-fold higher in women than in 
men (5.7% vs 2.1%, p < 0.001). It appeared that low body weight and 
involuntary weight loss in both men and women were significantly 
associated with the presence of RP, and low-fat diet was linked with 
RP but only in women [OR 1.27 (1.15-1.44)], while low-calorie 
intake (< 1000 kcal/day) was not found to be linked with RP[35]. 
Several case reports also showed that RP can concomitantly occur in 
various eating disorders[674,751]. 
    It is believed that in healthy individuals acrocyanosis is a rare, 
benign condition but in connection with AN the occurrence of 
this abnormality has been reported in up to 20-40% of unselected 
cases[751-753]. There is an increased cutaneous vasoreactivity to 
cold in AN[754], and this entity can affect all organ systems, with 
gastrointestinal symptoms being frequently reported[755]. Interestingly, 
Deschner et al[756] described a 12-yrs-old girl diagnosed initially 
with an atypical eating disorder, which developed into AN over 
2 years and celiac disease (CD). Her family history was positive 
for RP, vasculitis, and several autoimmune diseases, including 
hypothyroidism, celiac disease, depression, and ADHD in mother, 
father, brother, and other relatives. In a  recent cohort based case-
control study Marild et al [757] examined 18 000 Swedish women 
(median age 28 yrs) with a diagnosis of CD and found a higher 
incidence of AN in these participants as compared with matched 
controls. Importantly, they established that the incidence of AN was 
higher in patients with CD, but also that women diagnosed with 
CD were more likely to develop AN in the future[757]. Both diseases 
AN and CD can present with weight loss/growth issues, intentional 
nutritional restriction, and gastrointestinal and/or neurologic 
symptoms[758]. Moreover, children with CD may present initially with 
isolated anorexia and mood abnormalities[756,759].
    SLE, another autoimmune disease, frequently has neuropsychiatric 
involvement including affective disorders, psychosis, and cognitive 
dysfunction, and Toluany et al[80] suggested that development of AN 
in adolescents with SLE may be due to steroid-induced changes in 
weight and body shape. In six patients, the median age at onset of 
AN symptoms was 12.2 yrs and diagnosis of AN was established 1.4 
yrs later. The median age at SLE diagnosis was 14.2 yrs with median 
time after onset of AN symptoms of 20 months (7.5-32 months). 
All patients had joint symptoms and a positive antinuclear antibody. 
The authors proposed that AN may be a novel presentation of 
neuropsychiatric SLE[80]. In other study[760], it was well documented 
that the patients with early scleroderma and AN suffering from RP 
exhibited nailfold capillaroscopic findings typical of connective 
tissue diseases. 

B. AN/cachexia in animals and humans and T. gondii infection
Anorexia and depletion of fat stores are classic signatures of infection 
that play an important role in restricting systemic bacterial pathogen 
replication but can trigger a host-detrimental response during viral 
infection[761,762]. Cachexia, defined as the loss of 5% of lean body 
mass in six month, is distinct from starvation or malabsorption, and 
can be accompanied by anorexia, elevated proinflammatory cytokines 
(IL-1, IL-6 and TNF-α), loss of fat and insulin resistance[763,764]. 
In industrialized countries (USA, Europe, and Japan) where the 
frequency of cachexia is well-documented, approximately 1% of the 
population are cachectic[765]. 
    Oral infection with T. gondii cause gastrointestinal tract TH1-
type immunopathology in animals and humans[74,766,767]. Several 
studies documented that in mice per oral acute and chronic T. gondii 

infection were associated with weight loss, hypermetabolism, chronic 
cachexia, progressive wasting syndrome, and sustained commensal 
gastrointestinal dysbiosis[69-71,74,764,768-770]. It was reported that T. gondii 
infection with Me49 strain was accompanied by hypermetabolism 
and weight loss in the acute phase lasting 2 weeks, and in the 
chronic phase of infection the animals showed either a resolution 
of hypermetabolism and partial weight recovery or persistent 
hypermetabolism, with stable weight loss. Hypermetabolism was 
associated with enhanced lipid oxidation dependent on IFN-γ, and 
particularly linked with tissues rich in macrophages[69]. It was found 
that the hypermetabolic state persisted in animals during subsequent 
anorexia, whose onset coincided with elevated IL-2, and at the end 
of the acute phase of cachexia both anorexic and hypermetabolic 
states were associated with increased pro- and anti-inflammatory 
cytokine TNF-α, IL-1b, IL-2, IL-4, IL-5, IL-6, IL-10, and IFN-γ 
levels[768]. In mice with chronic phase of T. gondii  infection, a 
second immunological challenge with LPS (the major component 
of the outer membrane of Gram-negative bacteria) exacerbated 
hypermetabolic state associated with enhanced TNF-α and IL-10 (an 
anti-inflammatory cytokine) generation[769]. 
    Hatter et al[71] described a sustained cachexia phenotype in adult 
C57BL/6 mice following per oral T. gondii infection. Toxoplasma 
cachexia was characterized by a loss of 20% in body mass, including 
fat and muscle, transient anorexia and an acute elevation of 
proinflammatory cytokines IL-1, TNF-α and IL-6. They  found that 
parasites replicates in the distal jejunum/proximal ileum throughout 
acute infection, inducing severe, regional inflammation. Small 
intestine pathology resolved few weeks post-infection but cachexia 
sustained[71]. This process was associated with loss of muscle mass 
and IL-1-dependent liver and skeletal muscle fibrosis. Animals 
deficient in the IL-1 receptor had more severe acute muscle wasting, 
adipocyte and hepatocyte necrosis, independent of parasite burden. 
A proinflammatory TH1-mediated immune response is necessary to 
restrict infection and eventually clear systemic parasitemia but the host 
remains infected for life with low titers of T. gondii predominantly in 
the bradyzoite cyst form in the brain, muscle and other tissues[764,771]. 
The innate immune cytokines TNF-α, IL-1α, IL-6 and IFN-γ also 
comprise an inflammatory signature frequently observed in cachectic 
patients[772], and in rodent models, administration of this recombinant 
cytokine constellation was sufficient to induce muscle atrophy and/or 
cachexia[75,764]. It must be noticed that chronic, low-level inflammation 
with elevation of circulating IL-6 has been observed in certain 
disease states, as well as in many healthy elderly individuals, and 
Haddad et al[75] demonstrated that IL-6 infusion resulted in muscle 
atrophy characterized by a preferential loss of myofibrillar protein 
(-17%), probably due to the enhancement of T. gondii intracellular 
replication by IL-6 and interactions with IFN-γ and TNF-α[76].
    It should be added that autistic women are overrepresented 
among patients with AN, and there has been an increasing interest 
in the overlap between autism and eating disorders, particularly 
AN, with some research on this issue being conducted especially 
in Europe[78,79,773,774]. Of note, T. gondii infection seems to play an 
important role in development of ASD[72,94,775-777], and RP has been 
reported in a child with autism and ADHD, two entities significantly 
associated with the parasite[415,778].
    Lastly, Toluany et al[80] proposed that AN may be a novel 
presentation of neuropsychiatric SLE, and suggested that the 
development of AN in adolescents with SLE may be triggered by 
steroid treatment-induced changes in weight and body shape. This 
motion may be supported by  the findings of Kang et al[779] because 
they established that in mice infected with T. gondii, two-weeks 
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treatment with dexamethasone induced a depression in TH1 immune 
responses, that may be followed by an increment of parasites within 
the brain[780,781]. In addition, reactivation of cerebral toxoplasmosis 
was demonstrated after two weeks of the steroid administration, and 
this probably was associated with a promotion of type 2 cytokine 
generation[782-784].

X. HEARING DISTURBANCES IN INDIVIDU-
ALS WITH RP AND HAND-ARM VIBRATION 
EXPOSURE MAY BE DUE TO T. GONDII IN-
FECTION
A. RP
Extensive and prolonged exposure to manual work involving the use 
of various vibrating power tools can lead to development of the hand-
arm-vibration syndrome (HAVS, vibration white finger) associated 
with several vascular, neurological, and musculoskeletal disturbances 
frequently manifesting with RP triggered by cold[785-791]. HAVS was 
officially recognized as  the most commonly prescribed industrial 
disease[792].
    The pathophysiological mechanisms underlying cold-induced RP 
reaction in general population have not been fully known so far[2]. 
It was believed that the response to vibration tools may represent 
an exaggerated vasoconstrictor α2-adrenoceptor reflex triggered 
by prolonged exposure to vibration, but abnormalities in the digital 
vessels, such as endothelial damage, thickening of the vascular wall, 
functional receptor changes, as well as generation of some vasoactive 
substances, including endothelins, thrombomodulin, thromboxane A2, 
immunologic factors, and changes in blood viscosity, also play a role 
in disease pathogenesis[791,793,794]. 
    Increased occurrence of RP, neurosensory injury and carpal tunnel 
syndrome (CTS) have been reported in workers with vibrating tools, 
including artists[794-796]. Basing on the 41 scientific articles published 
between 1978 and 2013, Nilsson et al[795] found that the prevalence 
of RP ranged from 0% to 53% in different studies, with an average 
of 22%, and the risk for RP was 4.56 (OR 95% CI 3.00 - 6.95). At 
equal exposures, neurosensory injury occurs with a 3-time factor 
shorter latency than RP. Workers who are exposed to hand-arm 
vibration have an increased risk of vascular and neurological diseases 
compared to non-vibration exposed individuals. The risk increase 
was approximately 4-5 fold. The corresponding risk of neurosensory 
injury was 7.4 and the equivalent of CTS - 2.9[795]. Guan et al[797] 
studied the risk factors of CTS in 1,512 Chinese outpatients aged 
41-70 years with no other diseases which could cause numbness 
and 4,536 non-CTS outpatient controls. It was found that rheumatic 
disease, diabetes mellitus, hypothyroidism, and age were the main 
risk factors of this entity.
    Musicians are also affected by HAVS and microvascular 
abnormalities may affect their health and performance ability. Three 
cases of RP have been reported so far in a slap bass player and two 
guitarists[796,798,799]. Sirufo et al[796] described a 30-year-old gitar player 
suffering of RP with cold-induced blanching and pain in his right 
hand fingers, which started from the middle and ring finger and 
spread to all the other fingers. The patient has been playing guitar 
for an average of 3 hrs a day since he was 10 years old. He was 
having problems in carrying out several everyday tasks, including a 
little impairment in his playing ability. Body cooling even in a warm 
environment and localized cold exposures were the main triggers for 
these symptoms. The disorder was unilateral for about 3 years, than it 
started involving the left hand too. Nailfold vascular capillaroscopic 

images showed microvascular abnormalities characterized by lack 
of morphological homogeneity of capillaries, presence of enlarged 
and tortuous capillaries, ectasia of the efferent tract of the loops, 
local hemorrhages, and neoangiogenesis[796]. It should be noted that 
the resonant frequency of the human hand fingers is in the range of 
150-300 Hz, and the vibration at frequencies above 100 Hz is better 
absorbed by the fingers and hands[796,799].
    The use of hand-held  vibration tools may not only be associated 
with white fingers and RP but also with difficulties in hearing 
[787,790]. In a questionnaire sent to 12 606 participants aged 35-
64 years Palmer et al[790] inquired about years of employment in 
noisy jobs, lifetime exposure to hand transmitted vibration (HTV), 
hearing difficulties and tinnitus, and a history of cold induced finger 
blanching. Among 8193 respondents were 1151 who reported 
finger blanching. It appeared that hearing difficulty was about twice 
as common in men and women who notified of finger blanching, 
including those who had never been importantly exposed to noise and 
in those never exposed to HTV[790]. On the other hand, Pettersson [787] 
analyzed 342 participants who had a confirmed noise-induced hearing 
loss formally accepted as the work-related disability. 84 men and 36 
women specified if they had RP and also whether they used hand-
held vibrating machines. Nearly 41% of them used such machines 
and 18% used them at least 2 hrs each workday. It was found that 
there were 23 men/6 women with RP, and 37% reported white 
fingers among those individuals who were exposed to HTV and 15% 
among those not exposed to such vibration[787]. This “discrepancy” 
is not surprised because the ubiquitous parasite T. gondii is widely 
distributed in general human population[50].

B. Auditory disorders and T. gondii infection
Toxoplasmosis has been associated with auditory disturbances when 
calcium deposits, similar to those found in the brains of children 
with congenital toxoplasmosis, were found in the spiral ligament 
and the cochlea[800]. Prenatal damage of the inner ear and hearing 
impairment in young children  due to T. gondii infection is well 
documented[801-805]. Hearing loss was reported in about 20% of the 
congenital toxoplasmosis cases, especially in untreated children or 
those receiving two short treatments[801]. This clinical entity may 
cause sensorineural deficit and proper therapy of pregnant women 
and newborn babies improves prognosis[802,803,806]. Andrade et al[804] 
estimated hearing of the newborns with congenital toxoplasmosis 
(positive specific IgM) among 30 808 screened babies (97% of live 
births), 20 had the infection and 15 of them were asymptomatic 
at birth. Out of 19 children evaluated by hearing tests, 4 had 
sensorineural impairment[804]. In another two studies, Noorbakhsh 
and his group[802,803] analyzed the role of T. gondii infection in infants 
with sensorineural hearing loss (SNHL) because in various parts of 
Iran, the prevalence of antibodies against T. gondii ranged from 24 
to 57.7%. They compared specific IgM and IgG antibodies measured 
by ELISA in 95 blood samples of infants with SNHL and 63 matched 
controls. It was found that IgM and IgG antibodies were present in 
12 and 21.2% of SNHL children, respectively. Most children with 
increased IgG antibodies aged less than 1 year (maternal antibody), 
while IgM antibodies (acute infection) were more prevalent in the 3-5 
years old group of children. Acute infection was significantly more 
frequent in the SNHL group, and IgG immunity was more common 
in the control group (p = 0.01). Specific treatment administered 
during the first year of life resulted in a diminished occurrence of 
this complication[802,803]. Recently, Castro-Correa et al[805] in their 
review confirmed that there is an evidence of the association between 
hearing disorders and congenital toxoplasmosis characterized by 



291

Prandota J. Raynaud’s phenomenon and latent Toxoplasma gondi  infection

SNHL.
    In older children and adults auditory disturbances may be also 
caused by T. gondii infection, e.g. Schlottmann et al[807] reported a 
9-year-old boy who suffered from unilateral hearing loss and tinnitus. 
Microbial study showed a high toxoplasmosis titer of 1:102 400. The 
patient received treatment with pyrimethamine and sulphadiazine and 
although the antibody titer slightly decreased and the SNHL did not 
change markedly, the tinnitus disappeared. In another study, Katholm 
et al[808] described an 18-year-old woman with acute acquired 
toxoplasmosis who experienced sudden deafness and a loss of 
vestibular function first in the right ear and 3 months later also in the 
left. After specific treatment hearing was retrieved to a such degree 
that she was able to communicate with the help of hearing device and 
lip-reading. The authors believed that toxoplasmosis was the cause of 
the hearing disorders[808]. 
    In summary, it seems that T. gondii infection may be, at least in 
part, responsible for the hearing disturbances reported in HAVS. 
Rheumatic disease, diabetes mellitus, hypothyroidism, and age, 
the main risk factors of CTS[797], have already been linked with the 
pathogen[73]. The association of autoimmune diseases and sudden 
SNHL was reported by Gross et al[809]. They found the prevalence 
of anti-heat shock protein-70, anticardiolipin, and anti-beta2-
glycoprotein-1 autoantibodies in such patients, and otherwise it is 
known that these proteins are produced in infected animals[810] and 
in patients with autoimmune diseases and chronic latent T. gondii 
infection[73].

XI. VITAMIN D CONTRIBUTES TO HEALTH 
IMPROVEMENT IN BOTH PRP AND SRP BE-
CAUSE IT EXERTS BENEFICIAL IMMUNE EF-
FECTS AND HAS ANTITOXOPLASMIC AC-
TIVITY 
A. Vitamin D levels and development of SRP 
RP is frequently reported in patients with various autoimmune 
diseases, such as MCTD[186,812-814],  SSc[186,563,565],  Sjögren’s 
syndrome [186,559,815]; migraine[586,587,815,816], hypothyroidism[817-819], and 
cardiovascular diseases[820,821]. RP in SSc is a typically the earliest 
clinical manifestation of this condition, with a lag period lasting 
several years or decades before skin and other manifestations emerge 
[812,822,823]. 
    Helou et al [824] studied if 8 weeks of oral vitamin D3 
supplementation (600,000 IU monthly, total 3 doses) contribute 
to self-judgment improvement in 53 patients with RP (42 patients 
were deficient in vitamin D). The participants answered on a visual 
analogue scale basis about their RP. After treatment, the authors 
found an increase of vitamin D blood concentration and RP self-
estimated change for the better[824].
    Vitamin D exerts a pivotal role in infections due to its remarkable 
positive impact on both innate and adaptive immunity and on 
the suppression of the inflammatory processes. The link between 
systemic inflammation and vascular-specific inflammation from 
endothelial cells activation is well established[825]. Vitamin D may also 
prevent autoimmunity by stimulating naturally occurring regulatory 
T cells (Tregs)[826]. The active vitamin D hormone, 1,25(OH)2D3, 
can be produced in endothelial cells through activity of a specific 
endothelial α-hydroxylase on circulating 25(OH)D3. Vitamin D 
acts through vitamin D receptor (VDR) present on the surface of 
antigen presenting cells, NK cells, as well as B and T lymphocytes 
exerting multiple immunomodulating effects[73,827-829]. A summary of 

some immunoregulatory actions of vitamin D on immune system is 
presented in Table 16[827]. 
    Decreased VDRs expression leads to enhanced sensitivity of 
fibroblasts to TGF-β, a central mediator of fibroblast activation, 
resulting in an enhanced production of extracellular matrix in 
SSc[847,848]. Nb. TGF-b was reported to increase in vitro replication 
of T. gondii in retinal cells[849], and elevated expression of TGF-b 
in vitreous, retina and retinal pigment epithelium has been closely 
correlated with retinal fibrosis and choroidal neovascularization[846]. 
Low vitamin D status is associated with enhanced autoimmune 
response in healthy individuals, and increased risk of TH1 
cytokines production-mediated development of both ADs and 
neurodegenerative disorders[850-853]. 
    Decreased vitamin D levels have been found in several ADs, 
including RA[854], SLE[852,854-856], SSc[823,857], MCTD[813,858], MS[859], 
Sjögren’s syndrome[860,861], inflammatory bowel diseases[859], 
diabetes mellitus[854], autoimmune thyroid diseases[862-865], migraine, 
and headache[866-868]. Vitamin D deficiency may also play a role in 
development of various clinical abnormalities (e.g. arterial stiffness, 
leukocytopenia) and perpetuation of these entities[813,823,856,861,869]. (Nb. 
arterial stiffness was improved by vitamin D supplementation in a 
dose-response manner in overweight African Americans with vitamin 
D deficiency[870].) In addition, a single nucleotide polymorphism in 
the VDR region may have a role in the pathogenesis of some ADs, 
such as for example SSc, SLE, and diabetes[871,872]. 

B. Vitamin D and T. gondii infection 
Vitamin D significantly decreased in vitro proliferation of T. gondii 
tachyzoites in macrophages (Table 17), increased NO production in 
these cells (Table 18), and diminished tissue pathology in animals 
infected with the pathogen (Table 19), probably by acting on 
tachyzoites in PV[513]. Interestingly, vitamin D may also be linked 
to the increased susceptibility and mortality of mice infected with 
the pathogen, probably because of downregulation of the TH1 
type cytokine response[514]. Furthermore, the parasite inhibits NO 
production in different activated mouse macrophages cell lines by 
reduction of iNOS expression[873].
    In summary, these clinical and experimental data provide strong 
evidence that vitamin D exerts beneficial effects on innate and 
acquired immunity, as well as has antitoxoplasmic activity, and 
therefore it should find a firm place in the treatment of patients with 
PRP and SRP who frequently have vitamin D deficiency.

XII. POTENTIAL COMORBIDITY OF CORO-
NAVIRUS 19 (COVID-19; SARS-COV-2) 
PANDEMIC AND T. GONDII INFECTION 
MAY EVENTUALLY LEAD TO REACTIVATION 
OF CHRONIC LATENT TOXOPLASMOSIS, IN-
VOLVEMENT OF INTERNAL ORGANS IN THE 
HOST, AND INCREASED PRODUCTION OF 
AUTOANTIBODIES EVEN WITHOUT SEVERE 
INITIAL DISEASE 
The outbreak of COVID-19 severe acute respiratory syndrome was 
first identified in Wuhan, Hubei province, China, in December 2019 
[874]. Interestingly, similar abnormalities in the vWF production and 
secretion together with low ADAMTS-13 activity levels presented 
earlier in this work, have been also reported in the endothelial cells 
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exposed to COVID-19[875] and denga virus NS1 infections[876,877]. The 
comorbidity of T. gondii infection with the hand, foot and mouth 
disease (HFMD) caused by Coxsackievirus A16 (CoxA16) and 
enterovirus 71 (EV71, one of the leading causes of child mortality in 
China)  may be another good example[878,879]. Interestingly, the overall 
anti-T. gondii  IgG antibody prevalence among HFMD patients was 
12.46%, which was markedly higher than in control children without 
CoxA16, EV71 or other enterovirus infections (1.80%). In these 
children the highest seroprevalence of the pathogen was detected in 
critical patients (22.58 %), followed by severe cases (11.50%), and 
the lowest was found in children with mild manifestations (8.33%)
[878]. On the other hand, the overall anti-Toxoplasma seropositivity 
studied by these authors four years later in primary school children 
aged 6 to 11 years, was 9.51% (233/2451), of which 7.59% 
(186/2451) had IgG positivity[879]. One cannot therefore exclude that 
a concomitant chronic latent T. gondii infection with viral infections 
may exacerbate their clinical course, especially that these three 
pathogens have special predilection to attack vascular endothelial 
cells. 
    COVID-19-infected patients  often have neurologic, 
neurodegenerative and neuropsychiatric conditions[880-884], (e.g. 
anosmia[881]), cardiovascular[885,886], ocular[887-889] and neurological and 
musculoskeletal manifestations[890-892]. Similar clinical manifestations 
and clinical entities have been reported in T. gondii-infected 
individuals[50,51,61,73,484,893-900]. Frequently observed aging-related 
neuroinflammation complications during COVID-19 pandemic[901] 

Table 16 Effects of 1,25-dihydroxyvitamin D3 on innate immune system 
(acc. to Pelajo et al [827]; with own modification)
Vitamin D actions Refs
Decreases the antigen-presenting activity of 
macrophages to lymphocytes 828, 830

Increases apoptosis induced by DCs and T 
lymphocytes - tolerance 831-833

Inhibits the maturation of monocytes into DCs 834, 835

Induces the activation of Tregs and NK T cells 836, 837

Inhibits TH1 type profile 783, 834, 835, 837

Decreases IL-2 and IFN-γ synthesis 830, 834, 835, 838

Stimulates the TH2 type dominance 783, 834, 835, 837

Increases IL-4, IL-5, IL-10, and TGF-β a synthesis 830, 831, 834

Inhibits the synthesis of IL-12, IL-1, IL-6 and TNF-α 828, 838-840
Inhibits B cell proliferation, plasma cell 
differentiation, and antibody production 830, 834, 835, 841, 842

Induces NOS in a human monocyte/macrophage 
cell line b 843

DCs, dendritic cells; NK, natural killer T cells; NOS, nitric oxide synthase; 
TGF-β, transforming growth factor β; Tregs, regulatory T cells;. a This 
cytokine is well known for its immunosuppressive action on leukocyte 
cell lines [844], and may favor growth of T. gondii [845, 846]. b NO is an 
effector molecule of parasite killing [97].
 

Table 17 Effect of vitamin D3 and IFN-γ on proliferation of T. gondii (RH 
strain) tachyzoites per infected peritoneal macrophage of BALB/c mice 
after incubation for 96 hrs in RPMI1640 cells culture (acc. to Ghaffarifar et 
al [512]; with own modification).

Experiment 
No. Controls Solvent a Vit D3 

(1000 IU)
IFN-γ  
(100 IU)

Vit D3 
(1000 IU) plus 
IFN-γ (100 IU)

1 3.01±0.14 2.93±0.16 2.49±0.19 b 2.6±0.2 b 2.37±0.19 b

2 3.15±0.12 3.03±0.16 2.74±0.16 2.5±0.15 b 2.58±0.13 b

3 3.05±0.15 3.04±0.14 2.82±0.17 2.57±0.16 b 2.69±0.2 b

4 3.16±0.14 3.0±0.14 2.39±0.19 b 2.59±0.2 b 2.03±0.19 b

Numbers of tachyzoites are given as a mean±SD. a Ethanol 95. 
b Statistically significant differences compared with controls (p ≤ 0.05).

Table 18 Effect of vitamin D3 and IFN-γ on NO production by peritoneal 
macrophages of BAL:B/c mice infected with T. gondii (RH strain) after 
incubation for 24 hrs in RPMI1640 cells culture (acc. to Ghaffarifar et al 
[512]; with own modification).

Experiment 
No. Controls Solvent a Vit D3 

(1000 IU)
IFN-γ 
(100 IU)

Vit D3 
(1000 IU) 
plus IFN-γ 
(100 IU)

1 109±8.02 108.2±12.45 165±11.30 b 146±7.22 b 187.8±9.82 b

2 108±9.46 108.9±6.93 121.2±6.68 139.5±5.76 b 136.2±10.21 b

3 109.6±7.35 108.2±4.96 139±7.01 b 146±4.93 b 146.9±9.62 b

4 109±7.03 108.6±4.26 166±7.01 b 146.2±5.60 b 191.5±9.62 b

Values are given as mean±SD. a Ethanol 95. b Statistically significant 
results compared with controls (p ≤ 0.05). NO production was estimated 
as a nitrite release from infected macrophages (μM).

Table 19 Effect of pretreatment with 1,25(OH)2D3 (0.5 μg/kg/2 days) on 
tissue  pathology caused by T. gondii avirulent ME49 strain infection with 
20 cysts administered intraperitoneally in BALB/c mice (acc. to Rajapakse 
et al[513]; with own modification).

Tissue Pathology No treatment Treatment 
with Vit D3

Lung
Alveolar macrophages 1 0

Inflammatory foci 2 1

Liver

Inflammatory foci 3 2

Hemorrhage 2 0

Mitosis 1 0

Small intestine
Inflammatory infiltrates 1 0

Necrotic mucosal cells 2 1

Brain Presence of the parasite 2 0

Spleen Granulocytes 2 1
Histopathologic examination of the tissues was performed 7 days post 
inoculation. Numbers are based on severity of the lesions (0, no lesion; 
1, mild; 2, slight; 3, moderate changes) and the total was divided the 
number of animals in the group. Also, in vitro studies with incubated 
intestinal epithelial cells showed a significant dose-dependent inhibition 
of intracellular T. gondii tachyzoites (RH strain, type I) proliferation at 10-7 
M of 1,25(OH)2D3 concentration.

are in line with the markedly increased seroprevalence of T. gondii 
infection reported in persons aged 66-75 years[51,61]. Moreover, the 
cytokine storm diagnosed in some SARS-CoV2 patients[902]and/or 
multisystem inflammatory syndrome reported in the virus-infected 
children[903,904] may be enhanced by an overlapping inflammation 
associated with latent T. gondii infection. In children with this 
syndrome, serum cardiac and coagulation markers were considerably 
abnormal[642,648]. This suggestion is consistent with frequent heart 
diseases described during latent T. gondii infection[894,897,905], and 
blood coagulation disorders due to the increased TNF-α and PAI-1 
levels produced mainly in endothelial cells and probably associated 
with proinflammatory cytokine(s) produced during infection with 
that pathogen[617,642,646-648]. The above-presented reasoning may also 
serve as an explanation for the recent data that Oxford-AstraZeneca 
COVID-19 vaccine was linked to a number of thromboembolic 
events observed in vaccinated persons[906]. This is an important issue 
because COVID-19 infection was found to be associated with arterial 
and venous thrombotic complications[907] in both non-critically 
ill patients (2.5 % of 229 hospitalized individuals) and critically 
ill individuals (35.3% of 170 treated patients)[908]. Thus, all these 
individuals, especially elderly people with increased markers of blood 
clots (D-dimer), excessive inflammation (C-reactive protein), tissue 
damage (lactate dehydrogenase), and thrombocytopenia, perhaps 
should be carefully analyzed in this respect before administration of 
the vaccine against COVID-19[909,910].
    An increasing number of reports also identify obesity as a risk 
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factor for COVID-19 related morbidity and mortality[911,912], probably 
because despite impaired breathing efficiency in such individuals, 
they frequently have low-grade inflammation and immune activation 
due to the concomitant T. gondii infection[81,82]. It must be added 
that arterial blood oxygen desaturation characteristic for severely 
ill patients may trigger reactivation of cerebral toxoplasmosis 
(hypoxia-inducing factor 1 is important for the parasite’s growth 
and survival), enhances expression of PAI-1, finally leading to blood 
hypercoagulability and paradoxical microembolism[913]. 
    Interestingly, there is an increasing evidence suggesting 
induction of immune responses to self-antigens generated during 
acute, severe SARS-CoV-2 infection with autoimmune prone 
B cell hyperactivation, as well as the preponderance and then 
persistence for few months of increased levels of several different 
IgG autoantibodies among convalescent individuals even without 
severe initial disease [914,915]. Importantly, autoantibodies against type 
I IFNs in patients with life-threatening COVID-19[916], as well as 
prothrombotic autoantibodies have also been demonstrated in patients 
hospitalized from SARS-CoV-2[917]. Moreover, inborn errors of type 
I IFNs immunity were found in some patients with life-threatening 
infection[918]. All these findings are in a good agreement with the 
reports on possible critical role of T. gondii infection in patients with 
several autoimmune diseases[73,83], abundance of antigens generated 
in the host after reactivation of the pathogen[100], and the fact that 
approximately 30-50% of human global population is infected with 
the parasite[50].
    Several studies provided evidence that the use of  CCBs, such 
as amlodipine and nifedipine, was associated with markedly lower 
case fatality rates (14.6% vs 50%, p < 0.01), and lower rates of 
mechanical ventilation (4.2% vs 39%, p < 0.01) during SARSCoV-2 
infection [919-921]. It was found that amlodipine had significant anti-
viral effects against SARS-CoV-2 in Vero E6 green monkey cells[920]. 
Also Straus et al[922] demonstrated in Vero E6 cells and in epithelial 
kidney cells that amlodipine, nifedipine and felodipine limited the 
growth of SARS-CoV-2. Moreover, it was reported that amlodipine 
significantly reduced levels of viral transcription in stem cell-derived 
pancreatic organoids, and also caused selective differential expression 
of IFNs type 1 pathway signaling genes, which play central roles in 
coronavirus-host interactions[919,923]. 
    It must be noted that hypocalcemia was reported in 60% or more 
of patients at hospital admission[924-926], and severe hypocalcemia has 
been strongly positively associated with COVID-19 infection severity 
and a worse outcome in such patients[924,925,927-930]. [Nb. earlier studies 
reported  that Ca2+ played a central role also in other viral infectious 
and replicative mechanisms[919,924]. Individuals with hypocalcemia 
had significantly lower hemoglobin, hematocrit and red blood cell 
count (all p < 0.01)[927], leukocytopenia and thrombocytopenia[929], 
and higher circulating IL-6 levels[930]. Moreover, treatment with 
glucocorticoids increased the risk of progression from not severe 
to severe clinical state[929]. All these abnormalities are in line with 
similar disturbances observed in patients with acute and chronic 
latent T. gondii infection described in this work, as well as with 
hypocalcemia found in women with toxoplasmosis and repeated 
abortion[931,932], and in children with autism[94,933]. 
    The effectiveness of amlodipine, nifedipine and other CCBs in 
SARSCoV-2 infection, and on the other hand, positive associations 
of marked hypocalcemia with mortality, have been sending opposing 
signals to clinicians, especially that a considerable evidence 
supports the idea of Crespi and Alcock[919] that hypocalcemia may 
reflect a host defense and therefore requires not too precise calcium 
supplementation in such patients. Interestingly, a significantly 

decreased serum calcium level has also been found even in patients 
with non-severe SARS-CoV-2 infection, and Pal et al[934] suggested 
that this abnormality may be intrinsic to the disease. These two fine 
theories are well in line with my argumentation concerning the acute 
and chronic latent T. gondii infection in humans because the parasite 
requires a lot of Ca2+ for its many endogenous bioprocesses necessary 
to survive in the host, including microneme protein secretion during 
invasion of host cells (preferentially endothelial cells), gliding 
motility[132-134,332,342,361,379-382], calcium signaling, intracellular growth, 
replication, and lytic cycle[217,365,366,383,385,386]. 
    SARS-CoV-2 infection may cause a various degree of liver 
damage in 14-53% of affected individuals, especially in those 
with gastrointestinal symptoms and underlying chronic hepatic 
disease[935-937]. In one study, Xu et al[938] reported that moderate 
microvesicular steatosis and mild lobular and portal activity were 
detected in the postmortem liver biopsy of a patient with COVID-19, 
and the authors suggested that either SARS-CoV-2 infection or 
other factor(s) may be responsible for the liver injury. In another 
study, hepatocyte degeneration, focal necrosis, and cholestasis of 
cholangioles have been found[939]. A meta-analysis of such patients 
described three main abnormal processes: hepatocellular injury, 
cholestasis, and hepatocellular dysfunction[940,941]. These findings 
may be in line with several histopathologic abnormalities reported in 
patients with acute and chronic latent T. gondii infection[942,943]. The 
most common pre-existing non-alcoholic fatty liver disease having 
more severe clinical course in   patients with COVID-19 strongly 
supports these data[943a].
    Recently, several adjunctive treatment options for SARS-CoV-
2-associated neuro-psychiatric manifestations have been suggested 
because many proinflammatory cytokines, such as IL-2, IL-6, IL-
7, IL-10, IL-18, IFN-γ, TNF-α were positively associated with 
symptom severity, with IL-6 and TNF-α levels acting as predictors of 
disease severity and survival rates of infected patients[944]. Moreover, 
various medications have been proposed to be included into such 
therapeutic anti-COVID-19 armamentarium, including antibiotics, 
antipsychotics, antidepressants (e.g. calcium channel blockers), 
tryptophan/kynurenine pathway modulators, and α2-adrenergic 
receptor modulators[944-946], and many of them have antitoxoplasmic 
activity. Moreover, some authors administer orally or intravenously 
dexamethasone to reduce rapidly developing inflammation, 
especially during proinflammatory cytokine storm[935,947,948]. Despite 
many beneficial anti-inflammatory and immune modulating actions 
of corticosteroids it seems however that treatment with these 
preparations in COVID-19 patients should be carefully considered 
because they may increase growth rate of T. gondii tachyzoites 
and inhibit the expression of iNOS in macrophages[949,950], impair 
phagocytosis and intracellular killing of different pathogens [951,952], 
and augment parasite load in the brain, and/or cause reactivation of 
toxoplasmosis[953,954].
    It must be emphasized that COVID-19 infection has been also 
associated with development of RP[955-957], and positive nailfold 
capillaroscopy findings in such patients documented microvascular 
involvement[958]. Moreover, some reports suggested that RP may 
develop in visceral organs involving heart, lung, and kidneys. For 
example, Yamashita et al[959] described a patient with changes similar 
to RP observed on colonoscopy and it was suggested that RP as a 
systemic disorder may affect also several body organs in addition 
to fingers and toes (e.g. pulmonary RP?[960]). Finally, severe acute 
respiratory syndrome reported in some individuals with coronavirus 
disease may be consistent with the airborn infections associated with 
environmental T. gondii oocysts burden in the soil, water and cat 
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feces[65,961-968], probably intensified by changes in global climate (e.g. 
rising temperature, forest cutting, water shortage). 
    All these data strongly suggest that SARS-CoV-2 may activate 
acute and/or chronic latent T. gondii infection and lead to worsening 
of clinical course in some patients with this undiagnosed comorbidity.

REFERENCEES
1. Raynaud M. Local asphyxia and symmetrical gangrene of the 

extremities 1862. New researches on the nature and treatment of 
local asphyxia of the extremities 1874. Translated by Barlow T. 
London: New Sydenham Society, 1888.

2. Herr ick AL. Pathogenesis  of  Raynaud’s  phenomenon. 
Rheumatology 2005; 44: 587-596. [DOI: 10.1093/rheumatology/
keh552]

3. Goldman RD. Raynaud phenomenon in children. Can Family 
Phys 2019; 65(4): 264-265. [PMID: 30979757]

4. Davis EP (ed.) The American Journal of the Medical Sciences. 
Vol. 108. Philadelphia, PA: J.B. Lippincott; 1894.

5. Prabhu AV, Oddis CV. The legacy of Maurice Raynaud. JAMA 
Dermatol 2016; 152(11): 1253.

6. Katada Y, Tanaka T. Lingual Raynaud's phenomenon. New Engl J 
Med 2012; 366: e12. [DOI: 10.1056/NEJMicm1104140]

7. Pereira M, Thable A. Raynaud's phenomenon of the nipple. 
Ensuring timely diagnosis. J Am Assoc Nurse Pract 2020. [DOI: 
10.1097/JXX.0000000000000407]

8. Herrick AL. The pathogenesis, diagnosis and treatment of 
Raynaud’s phenomenon. Nat Rev Rheumatol 2012; 8: 469-479. 
[DOI: 10.1038/nrrheum.2012.96]

9. Wigley FM, Flavahan NA. Raynaud’s phenomenon. New Engl J 
Med 2016; 375(6): 556-565. [DOI: 10.1056/NEJMra1507638]

10. Bakst R, Merola JF, Franks AG Jr, Sanchez M. Raynaud’s 
phenomenon: pathogenesis and management. J Am Acad Dermatol 
2008; 59(4): 633-653. [DOI: 10.1016/j.jaad.2008.06.004]

11. Lis-Świety A. Recent advances in the workup and management 
of Raynaud’s phenomenon. Pol Arch Intern Med 2019; 129 (11): 
798-808. [DOI: 10.20452/pamw.15008]

12. Pope JE. Raynaud's phenomenon (primary). BMJ Clin Evid 2013; 
2013: 1119. [PMID: 24112969]

13. Heidrich H, Helmis J, Fahrig C, Hövelmann R, Martini N. Clinical 
characteristics of primary, secondary and suspected secondary 
Raynaud’s syndrome and diagnostic transition in the long-term 
follow-up. A retrospective study in 900 patients. Vasa 2008; 
37(Suppl 73): 3-25. [DOI: 10.1024/0301-1526.37.S73.3]

14. Prete  M, Fatone MC, Favoino E,Perosa F.  Raynaud’s 
phenomenon: from molecular pathogenesis to therapy. Autoimmun 
Rev 2014; 13(6): 655-667. [PMID: 24418302]; [DOI: 10.1016/
j.autrev.2013.12.001]

15. Ascherman DP, Zang Y, Fernandez I, Clark ES, Khan WN, 
Martinez L, Greidinger EL. An autoimmune basis for Raynaud’s 
phenomenon: murine model and human disease. Arthritis 
Rheumatol 2018; 70(9): 1489-1499. [PMID: 29569858]; [DOI: 
10.1002/art.40505]

16. Haque A, Hughes M. Raynaud’s phenomenon. Clin Med 
2020; 20(6): 580-587. [PMID: 33199324]; [DOI: 10.7861/
clinmed.2020-0754]

17. Maricq HR, Carpentier PH, Weinrich MC, Keil JE, Palesch 
Y, Biro C, Vionnet-Fuasset M, Jiguet M, Valter I. Geographic 
variation in the prevalence of Raynaud’s phenomenon: a 5 region 
comparison. J Rheumatol 1997; 24(5): 879-889. [PMID: 9150076]

18. Garner R, Kumari R, Lanyon P, Doherty M, Zhang W. Prevalence, 
risk factors and associations of primary Raynaud’s phenomenon: 
systematic review and meta-analysis of observational studies. 
BMJ Open 2015; 5(3): e006389. [PMID: 25776043]; [DOI: 
10.1136/bmjopen-2014-006389]

19. Brand FN, Larson MG, Kannel WB, McGuirk JM. The 
occurrence of Raynaud's phenomenon in a general population: 

the Framingham Study. Vasc Med 1997; 2: 296-301. [DOI: 
10.1177/1358863X9700200404]

20. Harada N, Ueda A, Takegata S. Prevalence of Raynaud's 
phenomenon in Japanese males and females. J Clin Epidemiol 
1991; 44(7): 649-655. [DOI: 10.1016/0895-4356(91)90026-6]

21. Voulgari PV, Alamanos Y, Papazisi D, Christou K, Papanikolaou 
C, Drosos AA. Prevalence of Raynaud’s phenomenon in a healthy 
Greek population. Ann Rheum Dis 2000; 59: 206-210. [DOI: 
10.1136/ard.59.3.206]

22. Onbasi K, Sahin I, Onbasi O, Ustun Y, Koca D. Raynaud’s 
phenomenon in a healthy Turkish population. Clin Rheumatol 
2005; 24: 365-369. [DOI: 10.1007/s10067-004-1045-x]

23. Aljohani R, Abuzaid HI, Alhazmi RE, Sdaqir AA, Amer SM. 
Prevalence of primary Raynaud’s phenomena among healthy 
medical students in the Western region of Saudi Arabia. Int J 
Med Develop Countries 2020; 4(3): 706-710. [DOI: 10.24911/
IJMDC.51-1578239190]

24. Wollina U, Verma SB. Acute digital gangrene in a newborn. Arch 
Dermatol 2007; 143(1): 121-122. [PMID: 17224560]; [DOI: 
10.1001/archderm.143.1.121]

25. Sharathkumar AA, Castillo-Caro P. Primary Raynaud’s 
phenomenon in an infant: a case report and review of literature. 
Pediatr Rheumatol Online J 2011; 9: 16. [DOI: 10.1186/1546-
0096-9-16]

26. DiMaio AM, Singh J. The infant with cyanosis in the emergency 
room. Pediatr Clin North Am 2006; 39: 987-1006. 27. 

27. Kobayashi M, Takano K, Kamizono J, Ichikawa K. A serious case 
of primary Raynaud’s phenomenon in an infant. Clin Case Rep 
2018; 6: 2089-2091. [DOI: 10.1002/ccr3.1819]

28. Jones GT, Herrick AL, Woodham SE, Baildam EM, Macfarlane 
GJ, Silman AJ. Occurrence of Raynaud’s phenomenon in children 
ages 12-15 years. Prevalence and association with other common 
symptoms. Arthritis Rheumatism 2003; 48(12): 3518-3521 
[PMID: 14674003]; [DOI: 10.1002/art.11340]

29. Nigrovic PA, Fuhlbrigge RC, Sundel RP. Raynaud’s phenomenon 
in children: a retrospective review of 123 patients. Pediatrics 
2003; 111(4): 715-721. [DOI: 10.1542//peds.111.4.715]

30. Pain CE, Constantin T, Toplak N, Moll M, Iking-Konert C, 
Piotto DP, Ayaz NA, Nemcova D, Hoeger PH, Cutolo M, Smith 
V, Foeldvari I. Raynaud’s syndrome in children: systematic 
review and development of recommendations for assessment and 
monitoring. Clin Exp Rheumatol 2016; 34 Suppl 100(5): 200-206. 
[PMID: 27494080]

31. Turan E, Sebnem Kilic S. Retrospective view of primary 
Raynaud's phenomenon in childhood. Reumatol Clín 2019; 15(6): 
e92-e95. [DOI: 10.1016/j.reumae.2017.12.007]

32. Esteireiro AS, Bicho A. Raynaud's phenomenon in paediatric 
age. BMJ Case Rep 2020; 13: e233596. [DOI: 10.1136/bcr-2019-
233596]

33. Shah J, Billington AR, Elston JB, Payne WG. Raynaud’s 
phenomenon. Eplasty 2013; 13: ic58. [PMID: 24106567]

34. Overbury R, Murtaugh MA, Fischer A, Frech TM. Primary care 
assessment of capillaroscopy abnormalities in patients with 
Raynaud’s phenomenon. Clin Rheumatol 2015; 34(12): 2135-
2140. [DOI: 10.1007/s10067-015-3062-3]

35. Abdulle AE, Arends S, van Goor H, Brouwer E, van Roon AM, 
Westra J, Herrick AL, de Leeuw K, Mulder DJ. Low body weight 
and involuntary weight loss are associated with Raynaud’s 
phenomenon in both men and women. Scand J Rheumatol 2020. 
[DOI: 0.1080/03009742.2020.1780310]

36. Giurgea GA, Mlekusch W, Charwat-Resl S, Mueller M, Hammer 
A, Gschwandtner ME, Koppensteiner R, Schlager O. Relationship 
of age and body mass index to skin temperature and skin perfusion 
in primary Raynaud’s phenomenon. Arthritis Rheumatol 2015; 
67(1): 238-242. [DOI: 10.1002/art.38923]

37. Tirri R, Barba M, Formica R, Irace R, Ciccia F. Relationship 
between body mass index and nailfold capillary microscopy in 



295

Prandota J. Raynaud’s phenomenon and latent Toxoplasma gondi  infection

primary and secondary Raynaud’s phenomenon. Ann Rheum Dis 
2020; Scientific Abstracts SAT0601, p. 1260. [DOI: 10.1136/
annrheumdis-2020-eular.4367]

38. Kasai T, Hirose M, Matsukawa T, Takamata A, Tanaka Y. The 
vasoconstriction threshold is increased in obese patients during 
general anaesthesia. Acta Anaesthesiol Scand 2003; 47(5): 588-
592. [DOI: 10.1034/j.1399-6576.2003.00097.x]

39. Freedman RR, Mayes MD. Familial aggregation of primary 
Raynaud’s disease. Arthritis Rheum 1996; 39(7): 1189-1191. 
[DOI: 10.1002/art.1780390717]

40. Cherkas LF, Williams FM, Carter L, Howell K, Black CM, Spector 
TD, MacGregor AJ. Heritability of Raynaud's phenomenon and 
vascular responsiveness to cold: a study of adult female twins. 
Arthritis Rheum 2007; 57(3): 524-528. [PMID: 17394182]; [DOI: 
10.1002/art.22626]

41. Pistorius MA, Planchon B, Schott JJ, Lemarec H. Aspects 
héréditaires et génétiques de la maladie de Raynaud. J Mal Vasc 
2006; 31(1): 10-15. [PMID: 16609626]; [DOI: 10.1016/s0398-
0499(06)76512-x]

42. Maundrell A, Proudman SM. Epidemiology of Raynaud’s 
phenomenon. In: Wigley FM, Herrick AL, Flavahan NA (eds). 
Raynaud’s phenomenon. New York: Springer, 2015: 21-35. [ 
ISBN 978-1-4939-1526-2]

43. Munir S, Freidin MB, Brain S, Williams FM. Association of 
Raynaud's phenomenon with a polymorphism in the NOS1 gene. 
PLoS ONE 2018; 13(4): e0196279. [PMID: 29698501]; [DOI: 
10.1371/journal.pone.0196279]

44. Bando H, Lee Y, Sakaguchi N, Pradipta A, Ma JS, Tanaka S, 
Cai Y, Liu J, Shen J, Nishikawa Y, Sasai M, Yamamoto M. 
Inducible nitric oxide synthase is a key host factor for Toxoplasma 
GRA15-dependent disruption of the gamma interferon-induced 
antiparasitic human response. mBio 2018; 9(5): e01738-1718. 
[DOI: 10.1128/mBio.01738-18]

45. Nietert PJ, Shaftman SR, Silver RM, Wolf BJ, Egan BM, Hunt 
KJ, Smith EA. Raynaud phenomenon and mortality: 20+ years of 
follow-up of the Charleston Heart Study cohort. Clin Epidemiol 
2015; 7: 161-168. [PMID: 25678814]; [DOI: 10.2147/CLEP.
S75482]

46. Mueller M, Gschwandtner ME, Gamper J, Giurgea GA, 
Charwat-Resl  S,  Kiener  HP,  Smolen JS,  Perkmann T, 
Koppensteiner R, Steiger O. Relation of nailfold capillaries 
and autoantibodies to mortality in patients with Raynaud 
phenomenon. Circulation 2016; 133(5): 509-517. [DOI: 10.1161/
CIRCULATIONAHA.115.017816]

47. Mueller M, Gschwandtner ME, Gamper J, Giurgea GA, 
Kiener HP, Perkman T, Koppensteiner R, Schlager O. Chronic 
inflammation predicts long-term mortality in patients with 
Raynaud’s phenomenon. J Intern Med 2018; 283: 293-302. [DOI: 
10.1111/joim.12705]

48. Pappas G, Roussos N, Falagas ME. Toxoplasmosis snapshots: 
global status of Toxoplasma gondii seroprevalence and 
implications for pregnancy and congenital toxoplasmosis. Int 
J Parasitol 2009; 39: 1385-1394. [PMID: 19433092]; [DOI: 
10.1016/j.ijpra.2009.04.003]

49. Furtado JM, Smith JR, Belfort R Jr, Gattey D, Winthrop KL. 
Toxoplasmosis: a global threat. J Glob Infect Dis 2011; 3(3): 281-
284. [PMID: 21887062]; [DOI: 10.4103/0974-777X.83536]

50. Flegr J, Prandota J, Sovičková M, Israili ZH. Toxoplasmosis 
- a global threat. Correlation of latent toxoplasmosis with 
specific diseases burden in a set of 88 countries. PLoS ONE 
2014; 9(3): e90203. [PMID: 24662942]; [DOI: 10.1371/journal.
pone.0090203]

51. Klaren VN, Kijlstra A. Toxoplasmosis, an overview with emphasis 
on ocular involvement. Ocul Immunol Inflamm 2002; 10(1): 1-26. 
[PMID: 12461700]

52. Shin DW, Cha DY, Hua QJ, Cha GH, Lee YH. Seroprevalence of 
Toxoplasma gondii infection and characteristics of seropositive 

patients in general hospitals in Daejeon, Korea. Korean J 
Parasitol 2009; 47: 125-130. [PMID: 19488418]; [DOI: 10.3347/
kjp.2009.47.2.125]

53. Fromont EG, Riche B, Rabilloud M. Toxoplasma seroprevalence 
in a rural population in France: detection of a household 
effect. BMC Infect Dis 2009; 9: 76. [PMID: 19476609]; [DOI: 
10.1185/1471-2334-9-76]

54. Pleyer U, Gross U, Schlüter  D,  Wilking H, Seeber F: 
Toxoplasmosis in Germany - epidemiology, diagnosis, risk factors, 
and treatment. Dtsch Arztebl Int 2019; 116(25): 435-444. [PMID: 
31423982]; [DOI: 10.3238/arztebl.2019.0435]

55. Silveira C, Belfort R, Jr, Burnier M, Jr, Nussenblatt R. Acquired 
toxoplasmic infection as the cause of toxoplasmic retinochoroiditis 
in families. Am J Ophthalmol 1988; 106(3): 362-364. [PMID: 
3262308]

56. Jones JL, Kruszon-Moran D, Elder S, Rivera HN, Press C, 
Montoya JG. Toxoplasma gondii infection in the United States, 
2011-2014. Am J Trop Med Hyg 2018; 98(2): 551-557. [PMID: 
29260660]; [DOI: 10.4269/ajtmh.17-0677]

57. Owusu-Dommey A, Pogreba-Brown K, Villa-Zapata L. 
Seroprevalence of Toxoplasma gondii in the U.S.: Evidence from 
a representative cross-sectional survey. Parasitol Int 2020; 79: 
102175. [PMID: 32763362]; [DOI: 10.1016/j.parint.2020.102175]

58. Torgerson R, Mastroiacovo P. The global burden of congenital 
toxoplasmosis: a systematic review. Bull World Health Organ 
2013; 91(7): 501-508. [PMID: 23825877]; [DOI: 10.2471/
BLT.12.111732]

59. Boyer K, Hill D, Mui E, Wroblewski K, Karrison T, Dubey JP, 
Sautter M, Noble AG, Withers S, Swisher C, Heydemann P, 
Hosten T, Babiarz J, Lee D, Meier P, McLeod R. Unrecognized 
ingestion of T. gondii oocysts leads to congenital toxoplasmosis 
and causes epidemics in North America. Clin Infect Dis 2011; 
53(11): 1081-1089. [PMID 22021924]; [DOI: 10.1093/cid/cir667]

60. Torgerson PR, Devieesschauwer B, Praet N, Speybroeck N, 
Willingham AL, Kasuga F, Rokni MB, Zhou XN, Fevre EM, Sripa 
B, Gargouri N, Fürst T, Budke CM, Carabin H, Kirk MD, Angulo 
FJ, Havelaar A, de Silva N. World Health Organization estimates 
of the global and regional disease burden of 11 foodborne 
parasitic diseases. A data synthesis. PLoS Medicine 2010; 
12(12): e1001920. [PMID: 26633705]; [DOI: 10.1371/journal.
pmed.1001920]

61. Hinze-Selch D, Däubener W, Erdag S, Wilms S. The diagnosis of 
a personality disorder increases the likelihood for seropositivity to 
Toxoplasma gondii in psychiatric patients. Folia Parasitol (Praha) 
2010; 57(2): 129-135. [PMID: 20608475]

62. Montoya JG, Liesenfeld O. Toxoplasmosis. Lancet 2004; 
363(9425): 1965-1976. [PMID: 15194258]; [DOI: 10.1016/
S0140-6736(04)16412-X]

63. Halonen SK, Weiss LM. Toxoplasmosis. In: Handbook of Clinical 
Neurology 2013; 114: 125-145. [PMID: 23829904]; DOI: 
10.1016/B978-0-444-440-3.00008-X]

64. McLeod R, Van Tubbergen C, Montoya JG, Petersen E. Human 
Toxoplasma Infection. In: LM Weiss, K Kim (eds) Toxoplasma 
gondii (Second Ed.), Academic Press, Amsterdam 2014; pp. 99-
159.

65. Jones JL, Dargelas V, Roberts J, Press C, Remington JS, Montoya 
JG. Risk factors for Toxoplasma gondii in the United States. 
Clin Infect Dis 2009; 49(6): 878-884. [PMID: 19663709]; [DOI: 
10.1086/605433]

66. Aramini JJ, Stephen C, Dubey JP, Engelstoft C, Schwantje 
H, Ribble CS. Potential contamination of drinking water with 
Toxoplasma gondii oocysts. Epidemiol Infect 1999; 122(2): 305-
315. [PMID: 10355797]

67. Weight CM, Carding SR. The protozoan pathogen Toxoplasma 
gondii targets the paracellular pathway to invade the intestinal 
epithelium. Ann N Y Acad Sci 2012; 1258: 135-142. [PMID: 
22731726]; [DOI: 10.1111/j.1749-6632.2012.06534.x]



296

Prandota J. Raynaud’s phenomenon and latent Toxoplasma gondi  infection

68. Saeij JP, Boyle JP, Boothroyd JC. Differences among the three 
major strains of Toxoplasma gondii and their specific interactions 
with the infected host. Trends Parasitol 2005; 21(10): 476-481. 
[PMID: 16098810]; [DOI: 10.1016/j.pt.2005.08.001]

69. Arsenijevic D, Bilbao FD, Giannakopoulos P, Girardier L, Samec 
S, Richard D. A role for interferon-gamma in the hypermetabolic 
response to murine toxoplasmosis. Eur Cytokine Net 2001; 12(3): 
518-527. 

70. S t a h l  W,  Tu r e k  G .  C h r o n i c  m u r i n e  t o x o p l a s m o s i s : 
clinicopathologic characterization of a progressive wasting 
syndrome. Ann Trop Med Parasitol 1988; 82(1): 35-48. [DOI: 
10.1080/00034983.1988.11812206]

71. Hatter JA, Kouche YM, Melchor SJ, Ng K, Bouley DM, 
Boothroyd JC, Ewald SE. Toxoplasma gondii infection triggers 
chronic cachexia and sustained commensal dysbiosis in mice. 
PLoS ONE 2018; 13(10): e0204895. [DOI: 10.1371/journal.
pone.0204895]

72. Prandota J. Autism spectrum disorders may be due to cerebral 
toxoplasmosis associated with chronic neuroinflammation causing 
persistent hypercytokinemia that resulted in an increased lipid 
peroxidation, oxidative stress, and depressed metabolism of 
endogenous and exogenous substances. Res Autism Spectr Disord 
2010; 4: 119-155. [DOI: 10.1016/j.rasd.2009.09.011]

73. Prandota J. Possible critical role of latent chronic Toxoplasma 
gondii infection in triggering, development and persistence of 
autoimmune diseases. Int J Neurol Res 2018; 4(1): 379-463. [DOI: 
10.17554/j.issn.2313-5611.2018.04.79]

74. Prandota J. Gastrointestinal tract abnormalities in autism, 
inflammatory bowel disease and many other clinical entities may 
be due to T. gondii infection. Sci Rep 2012; 1: 4. [DOI: 10.4172/
scientificreports.256]

75. Haddad F, Zaldivar F, Cooper DM, Adams GR. IL-6-induced 
skeletal muscle atrophy. Appl Physiol 2005; 98: 911-917. [DOI: 
10.1152/japplphysiol.01026.2004]

76. Beaman MH, Hunter CA, Remington JS. Enhancement of 
intracellular replication of Toxoplasma gondii by IL-6. Interactions 
with IFN-gamma and TNF-alpha. J Immunol 1994; 153: 4583-
4587. [PMID: 7963530]

77. Melo MB, Jensen KD, Saeij JP. Toxoplasma gondii effectors are 
master regulators of the inflammatory response. Trends Parasitol 
2011; 27(11): 487-495. [DOI: 10.1016/j.pt.2011.08.001]

78. Nielsen S, Anckarsater H, Gillberg C, Gillberg C, Rastam M, Wentz 
E. Effects of autism spectrum disorders on outcome in teenage-
onset anorexia nervosa evaluated by the Morgan-Russell outcome 
assessment schedule: a controlled community-based study. Mol 
Autism 2015; 6: 14. [DOI: 10.1186/s1322 9-015-0013-4]

79. Westwood H, Tchanturia K. Autism spectrum disorder in anorexia 
nervosa: an updated literature review. Curr Psychiatry Rep 2017; 
19(7): 41. [DOI: 10.1007/s11920-017-0791-9]

80. Toulany A, Katzman DK, Kauffman M, Hiraki LT, Silverman 
ED. Chicken or the egg: anorexia nervosa and systemic lupus 
erythematosus in children and adolescents. Pediatrics 2014; 133 
(2): 447-450. [DOI: 10.1542/peds.2012-3048]

81. Reeves GM, Mazaheri S, Snitker S, Langenberg P, Giegling 
I, Hartmann AM, Konte B, Friedl M, Okusaga O, Groer MW, 
Mangge H, Weghuber D, Allison DB, Rujescu D, Postolache 
TT. A positive association between T. gondii seropositivity and 
obesity. Front Public Health 2013; 1: 73. [PMID: 24400300]; 
[DOI: 10.3389/fpubh.2013.00073]

82. Wilking H, Thamm M, Stark K, Aebischer T, Seeber F. Prevalence, 
incidence estimations, and risk factors of Toxoplasma gondii 
infection in Germany: a representative, cross-sectional, serological 
study. Sci Rep 2016; 6: 22551. [DOI: 10.1038/srep22551]

83. Shapira Y, Agmon-Levin N, Selmi  C, Petríková J, Barzilai O, 
Ram M, et al. Prevalence of anti-toxoplasma antibodies in patients 
with autoimmune diseases. J Autoimmun 2012; 39(1-2): 112-116. 
[PMID: 22297145]; [DOI: 10.1016/j.jaut.2012.01.001]

84. Carter CJ. Toxoplasmosis and polygenic disease susceptibility 
genes: Extensive Toxoplasma gondii host/pathogen interactome 
enrichment in nine psychiatric or neurological disorders. J Pathog 
2013; 965046. [PMID: 23533776]; [DOI: 10.1155/2013/965046]

85. Nasyrova RF, Moskaleva PV, Vaiman EE, Shnayder NA, Blatt 
NL, Rizvanov AA. Genetic factors of nitric oxide’s system in 
psychoneurologic disorders. Int J Mol Sci 2020; 21: 1604. [DOI: 
10.3390/ijms21051604]

86. Sutterland AL, Fond G, Kuin A, Koeter MW, Lutter R, van 
Gool T, Yolken R, Szoke A, Leboyer M, de Haan L. Beyond 
the association. Toxoplasma gondii in schizophrenia, bipolar 
disorder, and addiction: systematic review and meta-analysis. 
Acta Psychiatr Scand 2015: 132(3): 161-179. [DOI: 10.1111/
acps.12423]

87. Shinkai T, Ohmori O, Hori H, Nakamura J. Allelic association 
of the neuronal nitric oxide synthase (NOS1) gene with 
schizophrenia. Mol Psychiatry 2002; 7: 560-563. [DOI: 10.1038/
sj.mp.4001041]

88. Cui H, Nishiguchi N, Yanagi M, Fukutake M, Mouri  K, Kitamura 
N, Hashimoto T, Shirakawa O, Hishimoto A. A putative cis-acting 
polymorphism in the NOS1 gene is associated with schizophrenia 
and NOS1 immunoreactivity in the postmortem brain. Schizophr 
Res 2010; 121(1-3): 172-178. [PMID: 20605417]; [DOI: 10.1016/
j.schres.2010.05.003]

89. Suzuki Y, Orellana MA, Schreiber RD, Remington JS. Interferon 
gamma: the major mediator of resistance against Toxoplasma 
gondii. Science 1988; 240: 516-518. [PMID: 3128869]; [DOI: 
10.1126/science.3128869]

90. Langermans JA, Van Der Hulst ME, Nibbering PH, Hiemstra 
PS, Fransen L, Van Hurth R. IFN-gamma-induced L-arginine-
dependent toxoplasmastatic activity in murine peritoneal 
macrophages is mediated by endogenous tumor necrosis factor. J 
Immunol 1992; 148(2): 568-574. [PMID: 1729374]

91. Sa Q, Ochiai E, Tiwari A, Perkins S, Mullins J, German M, 
Huckle W, Eyestone WH, Saunders TL, Shelton BJ, Suzuki Y. 
Cutting edge: IFN-γ produced by brain-resident cells is crucial 
to control cerebral infection with Toxoplasma gondii. J Immunol 
2015; 195(3): 796-800. [DOI: 10.4049/jimmunol.1500814]

92. Sturge CR, Yarovinsky F. Complex immune cell interplay in the 
gamma interferon response during Toxoplasma gondii infection. 
Infect Immun 2014; 82(8): 3090-3097. [DOI: 10.1128/IAI.01722-
14]

93. Woodman JP, Dimier IH, Bout DT. Human endothelial cells are 
activated by IFN-g to inhibit Toxoplasma gondii replication. 
Inhibition is due to a different mechanism from that existing in 
mouse macrophages and human fibroblasts. J Immunol 1991; 
147(6): 2019-2023. [PMID: 1909738]

94. Prandota J, Elleboudy AF, Ismail KA, Zaki OK, Shehata HH. 
Increased seroprevalence of chronic toxoplasmosis in autistic 
children: special reference to the pathophysiology of IFN-γ and 
NO overproduction. Int J Neurol Res 2015; 1(3): 102-122. [DOI: 
10.17554/j.issn.2313-5611.2015.01.30]

95. Scharton-Kersten TM, Yap G, Magram J, Sher A. Inducible nitric 
oxide is essential for host control of persistent but not acute 
infection with the intracellular pathogen Toxoplasma gondii. J Exp 
Med 1997; 185(7); 1261-1273. [PMID: 9104813]; [DOI: 10.1084/
jem.185.7.1261]

96. Hayashi S, Chan CC, Gazzinelli RT, Pham NT, Cheung 
MK, Roberge FG. Protective role of nitric oxide in ocular 
toxoplasmosis. Br J Ophthalmol 1996; 80: 644-648. [DOI: 
10.1136/bjo.80.7.644]

97. Oswald IP, Wynn TA, Sher A, James SL. NO as an effector 
molecule of parasite killing: modulation of its synthesis by 
cytokines. Comp Biochem Physiol Pharmacol Toxicol Endocrinol 
1994; 108(1): 11-18. [PMID: 7520338]

98. Khan IA, Schwartzman JD, Matsuura T, Kasper LA. A 
dichotomous role for nitric oxide during acute Toxoplasma gondii 



297

Prandota J. Raynaud’s phenomenon and latent Toxoplasma gondi  infection

infection in mice. Proc Natl Acad Sci USA 1997; 94(25): 13955-
13960. [PMID: 9391134]; [DOI: 10.1073/pnas.94.25.13955]

99. Schlüter D, Deckert-Schlüter M, Lorenz E, Meyer T, Röllinghoff 
M, Bogdan C. Inhibition of inducible nitric oxide synthase 
exacerbates chronic cerebral toxoplasmosis in Toxoplasma gondii-
susceptible C57BL/6 mice but does not reactivate the latent 
disease in T. gondii-resistant BALB/c mice. Infect Immun 2014; 
82(8): 3090-3097. [DOI: 10.1128/IAI.01722-14]

100. Prandota J. Increased generation of antibodies and autoantibodies 
directed against brain proteins in patients with autism and their 
families may be caused by T. gondii infection. Maternal and 
fetal microchimerisms probably play an important role in these 
processes acting as a “Trojan horse” in dissemination of the 
parasite. In: Gemma C (ed.). Neuroinflammation. Pathogenesis, 
Mechanisms, and Management. Nova Science Publishers, New 
York 2012; pp. 441-538.

101. Al-Soudi A, Kaaij MH, Tas SW. Endothelial cells: from 
innocent bystanders to activate participants in immune 
responses. Autoimmun Rev 2017; 16: 951-962. [DOI: 10.1016/
j.autorev.2017.07.008]

102. Smith JR, Franc DT, Carter NS, Zamora D, Planck SR, 
Rosenbaum JT. Susceptibility of retinal vascular endothelium to 
infection with Toxoplasma gondii tachyzoites. Invest Ophthalmol 
Visual Sci 2004; 45(4): 1157-1161. [PMID: 15037582]; [DOI: 
10.1167/iovs.03-1105]

103. Channon JY, Seguin RM, Kasper LH. Differential infectivity 
and division of Toxoplasma gondii in human peripheral blood 
leukocytes. Infect Immun 2000; 68(8): 4822-4826. [PMID: 
10899898]; [DOI: 10.1128/iai.68.8.4822-4826.2000]

104. Nakao M, Konishi E. Proliferation of Toxoplasma gondii in 
human neutrophils in vitro. Parasitology 1991; 103 Pt 1: 23-27. 
[PMID: 1658717]; [DOI: 10.1017/s0031182000050242]

105. Wilson CB, Remington JS. Activity of human blood leukocytes 
against Toxoplasma gondii. J Infect Dis 1979; 140(6): 890-895. 
[PMID: 541523]; [DOI: 10.1093/infdis/140.6.890]

106. Delemarre FG, Stevenhagen A, Kroon FP, Vaneer MY, Meenhorst 
PL, van Furth R. Effect of IFN-gamma on the proliferation 
of Toxoplasma gondii in monocytes and monocyte-derived 
macrophages from AIDS patients. Immunology 1994; 83(4): 646-
650. [PMID: 7875745]

107. Fadul CE, Channon JY, Kasper LH. Survival of immunoglobulin 
G-opsonized Toxoplasma gondii in nonadherent human 
monocytes. Infect Immun 1995; 63(11): 4290-3294. [PMID: 
7591060]

108. McLeod R, Bensch KG, Smith SM, Remington JS. Effects 
of humanperipheral blood monocytes, monocyte-derived 
macrophages, and spleen mononuclear phagocytes on Toxoplasma 
gondii. Cell Immunol 1980; 54(2): 330-350. [PMID: 7418010]

109. Murray HW, Rubin BY, Carriero SM, Harris AM, Jaffee EA. 
Human mononuclear phagocyte antiprotozoal mechanisms: 
oxygen-dependent vs oxygen-independent activity against 
intracellular Toxoplasma gondii. J Immunol  1985; 134(3): 1982-
1988. [PMID: 2981929]

110. Murray HW, Szuro-Sudol A, Wellner D, Oca MJ, Granger 
AM, Libby DM, Rothermel CD, Rubin BY. Role of tryptophan 
degradation in respiratory burst-independent activity antimicrobial 
activity of gamma interferon-stimulated human macrophages. 
Infect Immun 1989; 57(3): 845-849. [PMID: 2492973]; [DOI: 
10.1128/iai.57.3.845-849.1989]

111. Wilson CB, Westall J. Activation of neonatal and human 
macrophages by alpha, beta, and gamma interferons. Infect 
Immun 1985; 49(2): 351-356. [PMID: 3926648]

112. Anderson SE, Bautista S, Remington SJ. Induction of resistance to 
Toxoplasma gondii in human macrophages by soluble lymphocyte 
products. J Immunol 1976; 117(2): 381-387. [PMID: 950460]

113. Halonen SK, Lyman WD, Chiu FC. Growth and development 
of Toxoplasma gondii in human neurons and astrocytes. J 

Neuropathol Exp Neurosci 1996; 55(11): 1150-1156. [PMID: 
8939198]; [DOI: 10.1091/00005072-199611000-00006]

114. Pfefferkorn ER. Interferon-g blocks the growth of Toxoplasma 
gondii in human fibroblasts by inducing the host cells to degrade 
tryptophan. Proc Natl Acad Sci USA 1984; 81(3): 908-912. 
[PMID: 6422465]; [DOI: 10.1073/pnas.81.3.908]

115. Pfefferkorn ER, Guyre PM. Inhibition of growth of Toxoplasma 
gondii in cultured fibroblasts by human recombinant gamma 
interferon. Infect Immun 1984; 44(2): 211-216. [PMID: 6425215]

116. Nagineni CN, Pardhasaradhi K, Martins MC, Detrick B, Hooks JJ. 
Mechanism of interferon-induced inhibition of Toxoplasma gondii 
replication in human retinal pigment epithelial cells. Infect Immun 
1996; 64(10): 4188-4196. [PMID: 8926087]

117. Peterson PK, Gekker G, Hu S, Chao CC. Human astrocytes inhibit 
intracellular multiplication of Toxoplasma gondii by a nitric 
oxide-mediated mechanism. J Infect Dis 1995; 171(2): 516-518. 
[PMID: 7844409]

118. Chao CC, Gekker RG, Hu S, Peterson PK. Human microglial 
cell defense against Toxoplasma gondii. The role of cytokines. J 
Immunol 1994; 152(3): 1246-1252. [PMID: 8301129]

119. Zamora DO, Rosenbaum JT, Smith JR. Invasion of human retinal 
vascular endothelial cells by Toxoplasma gondii tachyzoites. Brit 
J Ophthalmol 2008; 92: 852-855. [DOI.10.1136/bjo.2007.133314]

120. Harker KS, Jivan E, McWhorter FY, Liu WF, Lodoen MB. 
Shear forces enhance Toxoplasma gondii motility on vascular 
endothelium. mBio 2014; 5(2): e01111-01113. [PMID: 24692639]; 
[DOI: 10.1128/mBio.01111-13]

121. Konradt C, Ueno N, Christian DA, Delong JH, Pritchard HG, Herz 
J, Bzik DJ, Koshy AA, McGavern DB, Lodoen MB, Hunter CA. 
Endothelial cells are a replicative niche for entry of Toxoplasma 
gondii to the central nervous system. Nat Microbiol 2016; 1: 
16001. [PMID: 27572166]; [DOI: 10.1038/nmicrobiol.2016.1]

122. Prandota J .  Possible  pivotal  role  of  la tent  chronic  T. 
gondii infection in the pathogenesis of atherosclerosis. 
J  Cardiol  Ther 2017;  4(2):  611-663.  [DOI:  10.17554/
j.issn.2309-6861.2017.04.130]

123. Canedo-Solares I, Calzada-Ruiz M, Ortiz-Alegria LB, Ortiz-
Muniz AR, Correa D. Endothelial cell invasion by Toxoplasma 
gondii: differences between cell types and parasite strains. 
Parasitol Res 2013; 112(8): 3029-3033. [PMID: 23749089]; [DOI: 
10.1007/s00436-013-3476-2]

124. Lachenmaier SM, Deli MA, Meissner M, Liesenfeld O. 
Intracellular transport of Toxoplasma gondii through the blood 
brain barrier. J Neuroimmunol 2011; 232: 119-130. [PMID: 
21106256]; [DOI: 10.1016/j.neuroim.2010.10.029]

125. Murray HW, Granger AM, Teitelbaum RF. Gamma interferon-
activated human macrophages and Toxoplasma gondii, Chlamydia 
psittaci, and Leishmania donovani: antimicrobial role of limiting 
intracellular iron. Infect Immun 1991; 59(12): 4684-4686. [PMID: 
1937829]

126. Ross EC, Olivera GC, Barragan A. Dysregulation of focal 
adhesion kinase upon Toxoplasma gondii infection facilitates 
parasite translocation across polarised primary brain endothelial 
cell monolayers. Cell Microbiol 2019; 21(9): e13048. [PMID: 
31099453]; [DOI: 10.1111/cmi.13048]

127. Dellacasa-Lindberg I, Hitziger N, Barragan A. Localized 
recrudescence of Toxoplasma infections in the central nervous 
system of immunocompromised mice assessed by in vivo 
bioluminescence imaging. Microbes Infect 2007; 9(11): 1291-
1298. [PMID: 17897859]; [DOI: 10.1016/j.micinf.2007.06.003]

128. Elsheikha HM, Khan NA. Protozoa traversal of the blood-brain 
barrier to invade the central nervous system. FEMS Microbiol Rev 
2010; 34: 532-553. [PMID: 20337721]; [DOI: 10.1111/j.1574-
6976.2010.00215.x]

129. Estato V, Stipursky J, Gomes F, Mergener TC, Frazao-Teixeira 
E, Allodi S, Tibirica E, Barbosa HS, Adesse D. The neurotropic 
parasite Toxoplasma gondii induces sustained neuroinflammation 



298

Prandota J. Raynaud’s phenomenon and latent Toxoplasma gondi  infection

with microvascular dysfunction in infected mice. Am J Pathol 
2018; 188(11): 2674-2687. [PMID: 30121257]; [DOI: 10.1016/
j.ajpath.2018.07.007]

130. Sanfelice RA, da Silva SS, Bosqui LR, Miranda-Sapla MM, 
Barbosa BF, Silva RJ, Ferro EAV, Panagio LA, Navarro IT, 
Bordignon J, Conchon-Costa I, Pavanelli WR, Almeida RS, Costa 
IN. Pravastatin and simvastatin inhibit the adhesion, replication 
and proliferation of Toxoplasma gondii (RH strain) in HeLa 
cells. Acta Trop 2017; 167: 208-215. [PMID: 28012901]; [DOI: 
10.1016/j.actatropica.2016.12.006]

131. Al-sandaqchi  AT, Marsh V, Williams HE, Stevenson CW, 
Elsheikha HM. Structural, functional, and metabolic alterations in 
human cerebrovascular endothelial cells during Toxoplasma gondii 
infection and amelioration by verapamil in vitro. Microorganisms 
2020; 8: 1386. [DOI: 10.3390/microorganisms8091386]

132. Sibley LD. How apicomplexan parasites move in and out of cells. 
Curr Opin Biotechnol 2010; 21(5): 592-598. [PMID: 20580218]; 
[DOI: 10.1016/j.copbio.2010.05.009]

133. Bullen HE, Jia Y, Yamaryo-Botte Y, Carruthers V, Botte CY, 
Soldati-Favre D. Phosphatidic acid-mediated signaling regulates 
microneme secretion in Toxoplasma. Cell Host Microbe 
2016; 19(3): 349-360. [PMID: 26962945]; [DOI: 10.1016/
j.chom.2016.02.006]

134. Nagamune K, Moreno SN, Chini EN, Sibley LD. Calcium 
regulation and signaling in apicomplexan parasites. Subcell 
Biochem 2008;  47:  70-81.  [PMID: 18512342];  [DOI: 
10.1007/978-0-387-78267-6_5]

135. Al-Kuraishy  HM, Al-Kuraishi AH, Al-Windy S, Al-Gareeb 
AI. Toxoplasmosis and risk of endothelial dysfunction: role of 
oxidative stress and pro-inflammatory mediators. Arch Clin Infect 
Dis 2019; 14(6): e95563. [DOI: 0.581/archcid.95563]

136. Karaman U, Celik T,  Kiran TR, Colak C,  Daldal  NU. 
Malondialdehyde, glutathione, and nitric oxide levels in 
Toxoplasma gondii seropositive patients. Korean J Parasitol 
2008; 46(4): 293-295. [PMID: 19127340]; [DOI: 10.3347/
kip.2008.46.4.293]

137. Al-Azzauy AAM. Evaluation of erythrocyte malondialdehyde, 
glutathione concentration and serum nitric oxide levels in patients 
with Toxoplasma gondii. Ibn Al-Haitham J For Pure & Appl Sci 
2011; 24(1). 

138. Soeki T, Sata M. Inflammatory biomarkers and atherosclerosis. Int 
Heart J 2016; 57(2): 134-139. [PMID: 26973275]; [DOI: 10.1536/
ihj.15-346]

139. Bahrami S, Shahriari A, Tavalla M, Azadmanesh S, Hamidinejat 
H. Blood levels of oxidant/antioxidant parameters in rats infected 
with Toxoplasma gondii. Oxid Med Cell Longev 2016; 8045969. 
[DOI: 10.1155/2016/8045969]

140. Feustel SM, Meissner M, Liesenfeld O. Toxoplasma gondii and 
the blood-brain barrier. Virulence 2012; 3(2): 182-192. [DOI: 
10.4161/viru.19004]

141. O’Carroll SJ, Kho DT, Wiltshire R, Nelson V, Rotimi O, Johnson 
R, Angel CE, Graham ES. Pro-inflammatory TNFα and IL-
1b differentially regulate the inflammatory phenotype of brain 
microvascular endothelial cells. J Neuroinflamm 2015; 12: 131. 
[DOI: 10.1186/s12974-015-0346-0]

142. James SL. Role of nitric oxide in parasitic infections. Microbiol 
Rev 1995; 59(4): 533-547. [PMID: 8531884]

143. Bogdan C. Nitric oxide synthase in innate and adaptive immunity: 
an update. Trends Immunol 2015; 36(3): 161-178. [DOI: 10.1016/
j.it.2015.01.003]

144. Chao CC, Anderson WR, Hu S, Gekker G, Martella A, Peterson 
PK. Activated microglia inhibit multiplication of Toxoplasma 
gondii via a nitric oxide mechanism. Clin Immunol Immunopathol 
1993; 67(2): 178-183. [DOI: 10.1006/clin.1993.1062]

145. Furtado JM, Bharadwaj AS, Chipps TJ, Pan Y, Ashander 
LM, Smith JR. Toxoplasma gondii tachyzoites cross retinal 
endothelium assisted by intercellular adhesion molecule-1 in vitro. 

Immunol Cell Biol 2012; 90(9): 912-915. [PMID: 22525368]; 
[DOI: 10.1038/icb.2012.21]

146. Lambert H, Hitziger N, Dellacasa I, Svensson M, Barragan A. 
Induction of dendritic cell migration upon Toxoplasma gondii 
infection potentiates parasite dissemination. Cell Microbiol 2006; 
8: 1611-1623. [DOI: 10.1111/j.1462-5822.2006.00735.x]

147. Ólafsson EB, Barragan A. The unicellular eukaryotic parasite 
Toxoplasma gondii hijacks the migration machinery of 
mononuclear phagocytes to promote its dissemination. Biol Cell 
2020; 112(9): 239-250. [DOI: 10.1111/boc.202000005]

148. Czupryniak A, Kałużyńska A., Nowicki M, Więcek B, Bald E, 
Owczarek D. Raynaud’s phenomenon and endothelial dysfunction 
in end-stage renal disease patients treated with hemodialysis. 
Kidney Blood Press Res 2005; 28: 27-31. [PMID: 15452382]; 
[DOI: 10.1159/000081059]

149. Clarke R, Daly L, Robinson K, Naughten E, Cahalane S, Fowler 
B, Graham I. Hyperhomocysteinemia: an independent risk factor 
for vascular disease. New Engl J Med 1991; 324(17): 1149-1155. 
[PMID: 2011158]; [DOI: 10.1056/NEJM199104253241701]

150. Marasini B, Casari S, Bestetti A, Maioli C, Cugno M, Zeni S, et 
al. Homocysteine concentration in primary and systemic sclerosis 
associated Raynaud’s phenomenon. J Rheumatol 2000; 27(11): 
2621-2623. [PMID:11093443]

151. Arab-Mazar Z, Fallahi S, Yadegarynia D, Mamaghani AJ, Tabaei 
SJ, Rajaeian S, Roodsari SR. Immunodiagnosis and molecular 
validation of Toxoplasma gondii infection among patients with 
end-stage renal disease undergoing haemodialysis. Parasitology 
2019; 146(13): 1683-1689. [PMID: 31397237]; [DOI: 10.1017/
S0031182019001033]

152. Saki J, Khademvatan S, Soltani S, Shahbazian H. Detection 
of toxoplasmosis in patients with end-stage renal disease by 
enzyme-linked immunosorbent assay and polymerase chain 
reaction methods. Parasitol Res 2013; 112(1): 163-168. [PMID: 
22992896]; [DOI: 10.1007/s00436-012-3120-6]

153. Foroutan M, Rostami A, Majidiani H, Riali SM, Khazaei S, 
Badri M, Yousefi E. A systematic review and meta-analysis of 
the prevalence of toxoplasmosis in hemodialysis patients in Iran. 
Epidemiol Health 2018; 40: e2018016. [PMID: 29748456]; [DOI: 
10.4178/epih.e2018016]

154. Insall RH, Machesky LM. Actin dynamics at the leading 
edge: from simple machinery to complex networks. Dev Cell 
2009; 17(3): 310-322. [PMID: 19758556]; [DOI: 10.1016/
j.devcel.2009.08.012]

155. Disanza A, Steffen A, Hertzog M, Frittoli E, Rottner K, Scita 
G. Actin polymerization machinery: the finish line of signaling 
networks, the starting point of cellular movement. Cell Mol Life 
Sci 2005;.62: 955-970. [DOI: 10.1007/s00018-004-4472-6]

156. Patterson CE, Lum H.. Update on pulmonary edema: the role and 
regulation of endothelial barrier function. Endothelium 2001; 8(2): 
75-105. [PMID: 11572478]; [DOI: 10.3109/10623320109165319]

157. Hall A, Nobes CD. Rho GTPases: molecular switches that control 
the organization and dynamics of the actin cytoskeleton. Phil 
Trans R Soc Lond B 2000; 355: 965-970. [PMID: 11128990]; 
[DOI: 10.1098/rstb.2000.0632]

158. Carson M, Weber A, Zigmond SH. An actin-nucleating activity 
in polymorphonuclear leukocytes is modulated by chemotactic 
peptides. J Cell Biol 1986; 103(6 Pt 2): 2707-2714. [PMID: 
3793753]; [DOI: 10.1083/jcb.103.6.2707]

159. Hall AL, Warren V, Dharmawardhane S, Condeelis J. Identification 
of actin nucleation activity and polymerization inhibitor in 
ameboid cells: their regulation by chemotactic stimulation. J Cell 
Biol 1989; 109(5): 2207-2213. [PMID: 2553744]; [DOI: 10.1083/
jcb.109.5.2207]

160. Howard TH, Meyer WH. Chemotactic peptide modulation of actin 
assembly and locomotion in neutrophils. J Cell Biol 1984; 98(4): 
1265-1271. [DOI: 10.1083/jcb.98.4.1265]

161. Machesky LM, Hall A. Role of actin polymerization and adhesion 



299

Prandota J. Raynaud’s phenomenon and latent Toxoplasma gondi  infection

to extracellular matrix in Rac- and Rho-induced cytoskeletal 
reorganization. J Cell Biol 1997; 138(4): 913-926. [PMID: 
9265656]; [DOI: 10.1083/jcb.138.4.913]

162. Hall A. Ras-related GTPases and the cytoskeleton. Mol Biol Cell 
1992; 3: 475-479.

163. Nobes CD, Hall A. Rho GTPases control polarity, protrusion and 
adhesion during cell movement. J Cell Biol 1999; 144(6): 1235-
1244. [DOI: 10.1083/jcb.144.6.1235]

164. Clark EA, King WG, Brugge JS, Symons M, Hynes RO. Integrin-
mediated signals regulated by members of the Rho family of 
GTPases. J Cell Biol 1998; 142(2): 573-586. [PMID: 9679153]; 
[DOI: 10.1083/jcb.142.2.573]

165. Hall A. Rho GTPases and the actin cytoskeleton. Science 
1998; 279 (5350): 509-514. [PMID 9438836]; [DOI: 10.1126/
science.279.5350.509]

166. Bros M, Haas K, Moll L, Grabbe S. RhoA as a key regulator of 
innate and adaptive immunity. Cells 2019; 8(7): 733. [PMID: 
31319592]; [DOI: 10.3390/cells8070733]

167. Burridge K, Wennerberg K. Rho and Rac take center stage. Cell 
2004; 116(2): 167-179. [PMID: 14744429]; [DOI: 10.1016/s0092-
8674(04)00003-0]

168. Aktories K, Barbieri J. Bacterial cytotoxins: targeting eukaryotic 
switches. Nat Rev Microbiol 2005; 3(5): 397-410. [PMID: 
15821726]; [DOI: 10.1038/nrmicro1150]

169. King WG, Mattaliano MD, Chan TO, Tsichlis PN, Brugge JS. 
Phosphatidylinositol 3-kinase is required for integrin-stimulated 
Akt and Raf-1/mitogen-activated protein kinase pathway 
activation. Mol Cell Biol1997; 17(8): 4406-4418. [PMID: 
9234699]; [DOI: 10.1128/mcb.17.8.4406]

170. Ridley AJ, Hall A.The small GTP-binding protein Rho regulates 
the assembly of focal adhesions and actin stress fibers in response 
to growth factors. Cell 1992; 70(3): 389-399. [PMID: 1643657]; 
[DOI: 10.1016/0092-8674(92)90163-7]

171. Hotchin NA, Hall A. The assembly of functional integrin 
complexes requires both extracellular matrix and intracellular rho/
rac GTPases. J Cell Biol 1995; 131(6 Pt 2): 1857-1865. [PMID: 
8557752]; [DOI: 10.1083/jcb.131.6.1857]

172. Kozma R, Ahmed S, Best A, Lim L. The Ras-related protein 
Cdc42Hs and bradykinin promote formation of peripheral actin 
microspikes and filopodia in Swiss 3T3 fibroblasts. Mol Cell 
Biol 1995; 15(4): 1942-1952. [PMID: 7891688]; [DOI: 10.1128/
mcb.15.4.1942]

173. Nobes CD, Hall A. Rho, Rac and Cdc42 GTPases regulate the 
assembly of multimolecular focal complexes associated with actin 
stress fibers, lamellipodia and filopodia. Cell 1995; 81(1): 1-20. 
[PMID: 7536630]; [DOI: 10.1016/0092-8674(95)90370-4]

174. Etienne-Manneville S, Hall A. Rho GTPases in cell biology. 
Nature 2002; 420(6916); 629-635. [PMID: 12478284]; [DOI: 
10.1038/nature01148]

175. Bailey SR, Mitra S, Flavahan S, Flavahan NA. Reactive oxygen 
species from smooth muscle mitochondria initiate cold-induced 
constriction of cutaneous arteries. Am J Physiol Heart Circ Physiol 
2005; 289(1): H243-H250. [PMID: 15764673]; [DOI: 10.1152/
ajpheart.01305.2004]

176. Gavard J. Endothelial permeability and VE-cadherin. A wacky 
comradeship. Cell Adhesion Migration 2013; 7(6): 455-461. [DOI: 
10.4161/cam.27330]

177. Dejana E, Orsenigo F, Lampugnani MG. The role of adherens 
junctions and VE-cadherin in the control of vascular permeability. 
J Cell Sci 2008; 121(Pt 13): 2115-2122. [PMID: 18565824]; 
[DOI: 10.1242/jcs.017897]

178. Broman MT, Kouklis P, Gao X, Ramchandran R, Neamu RF, 
Minshall RD, Malik AB. Cdc42 regulates adherens junction 
stability and endothelial permeability by inducing alpha-catenin 
interaction with the vascular endothelial cadherin complex. Circ 
Res 2006; 98(1): 73-80. [PMID:16322481]; [DOI: 10.1161/01.
RES.0000198387.44395.e9]

179. Noda K, Zhang J, Fukuhara S, Kunimoto S, Yoshimura M, 
Mochizuki N. Vascular endothelialcadherin stabilizes at cell-cell 
junctions by anchoring to circumferential actin bundles through 
alpha- and beta-catenins in cyclic AMP-Epac-Rap1 signal-
activated endothelial cells. Mol Biol Cell 2010; 21(4): 584-596. 
[PMID:20032304]; [DOI: 10.1091/mbc.E09-07-0580]

180. Dejana E. Endothelial cell-cell junctions: happy together. Nat 
Rev Mol Cell Biol 2004; 5(4):261-270. [PMID:15071551]; [DOI: 
10.1038/nrm1357]

181. Timmerman I, Hoogenboezem M, Bennett AM, Geerts D, Hordijk 
PL, van Buul JD. The tyrosine phosphatase SHP2 regulates 
recovery of endothelial adherens junctions through control of 
β-catenin phosphorylation. Mol Biol Cell 2012; 23(21): 4212-
4225. [PMID:22956765]; [DOI: 10.1091/mbc.E12-01-0038]

182. Braga VM, Machesky LM, Hall A, Hotchin N. The small GTPases 
Rho and Rac are required for the establishment of cadherin-
dependent cell-cell contacts. J Cell Biol 1997; 137(6): 1421-1431. 
[PMID: 9182672]; [DOI: 10.1083/jcb.137.6.1421]

183. Barry AK, Wang N, Leckband DE. Local VE-cadherin 
mechanotransduction triggers long-ranged remodeling of 
endothelial monolayers. J Cell Sci 2015; 128: 1341-1351. [DOI: 
10.1242/jcs.159954]

184. Andresen Eguiluz RC, Kaylan KB, Underhill GH, Leckband 
DE .  Subs t r a t e  s t i f f ne s s  and  VE-cadhe r in  mechano -
transduction coordinate to regulate endothelial monolayer 
integrity. Biomaterials 2017; 140: 45e57. [PMID: 28624707]; 
[DOI:10.1016/j.biomaterials.2017.06.010]

185. Stringer T, Femia AN. Raynaud’s phenomenon: current concepts. 
Clin Dermatol 2018; 36(4): 498-507. [PMID: 30047433]; [DOI: 
10.1016/j.clindermatol.2018.04.007]

186. Meli M, Gitzelmann G, Koppensteiner R, Amann-Vesti BR. 
Predictive value of naitfold capillaroscopy in patients with 
Raynaud’s phenomenon. Clin Rheumatol 2006; 25(2): 153-158. 
[PMID: 15951918]; [DOI: 10.1007/s10067-005-1146-1]

187. Gorski S, Bartnicka M, Citko A, Zelazowska-Rutkowska 
B, Jabłoński K, Gorska A. Microangiopathy in naifold 
videocapillaroscopy and its relations to sE-selectin, endothelin-1, 
and hsCRP as putative endothelium dysfunction markers among 
adolescents with Raynaud’s phenomenon. J Clin Med 2019; 8(5): 
567. [PMID: 31027378]; [DOI: 10.3390/jcm8050567]

188. Pavlov-Dolijanovic S, Damjanov NS, Stojanovic RM, Stupar 
NZ, Stanisavljevic DM. Scleroderma pattern of nailfold capillary 
changes as predictive value for the development of a connective 
tissue disease: A follow-up study of 3,029 patients with primary 
Raynaud’s phenomenon. Rheumatol Int 2012; 32(10): 3039-3045. 
[PMID: 21901350]; [DOI: 10.10007/s00296-011-2109-2]

189. Hirschl M, Hirschl K, Lenz M, Katzenschlager R, Hutter, HP, 
Kundi M. Transition from primary Raynaud’s phenomenon 
to secondary Raynaud’s phenomenon identified by diagnosis 
of an associated disease: Results of ten years of prospective 
surveillance. Arthritis Rheum 2006; 54(6): 1974-1981. [PMID: 
16732585]; [DOI: 10.1002/art.21912]

190. Martini G, Foeldvari I, Russo R, Cuttica R, Eberhard A, Ravelli 
A, Lehman TJA, de Oliveira SKF, Susic G, Lyskina G, Nemcova 
D, Sundel R, Falcini F, Girschick H, Lotito AP, Buoncompagni 
A, Sztajnbok F, Al-Mayouf SM, Orban I, Ferri C, Athreya BH, 
Woo P, Zulian F. Systemic sclerosis in childhood: clinical and 
immunologic features of 153 patients in an international database. 
Arthritis Rheum 2006; 54(12): 3971-3978. [PMID: 17133611]; 
[DOI: 10.1002/art.22207]

191. Torok KS. Pediatric scleroderma - systemic and localized forms. 
Pediatr Clin North Am 2012; 59(2): 381-405. [PMID: 22560576]; 
[DOI: 10.1016/j.pcl.2012.03.011]

192. Scalapino K, Arkachaisri T, Lucas M, Fertig N, Helfrich DJ, 
Londino AV Jr, Steen VD, Medsger TA. Childhood onset systemic 
sclerosis: classification, clinical and serologic features, and 
survival in comparison with adult onset disease. J Rheumatol 



300

Prandota J. Raynaud’s phenomenon and latent Toxoplasma gondi  infection

2006; 33(5): 1004-1013. [PMID: 16583463]
193. Maricq HR. Wide-field capillary microscopy. Arthritis Rheum 

1981; 24(9): 1159-1165. [PMID: 7306237]; [DOI: 10.1002/
art.1780240907]

194. Rodnan GP, Myerowitz RL, Justh GO. Morphologic changes 
in the digital arteries of patients with progressive systemic 
sclerosis (scleroderma) and Raynaud phenomenon. Medicine 
(Baltimore) 1980; 59(6): 393-408. [PMID: 7442530]; [DOI: 
10.1097/00005792-198011000-00001]

195. Cutolo M, Melsens K, Wijnant S, Ingegnoli F, Thevissen K, 
De Keyser F, Decuman S, Müller-Ladner U, Piette Y, Riccieri 
V, Ughi N, Vandecasteele E, Vanhaecke A, Smith V. Nailfold 
capillaroscopy in systemic lupus erythematosus: A systematic 
review and critical appraisal. Autoimmun Rev 2018; 17(4): 344-
352. [PMID: 29427827]; [DOI: 10.1016/j.autrev.2017.11.025]

196. Radke JR, Behnke MS, Mackey AJ, Radke JB, Roos DS, White 
MW. The transcriptome of Toxoplasma gondii. BMC Biol 2005; 
3: 26. [PMID: 16324218]; [DOI: 10.1186/1741-7007-3-26]

197. Morgado P, Sudarshana DM, Gov L, Harker KS, Lam T, Casali 
P, Boyle JP, Lodoen MB. Type II Toxoplasma gondii induction 
of CD40 on infected macrophages enhances interleukin-12 
responses. Infect Immun 2014; 82(10): 4047- 4055. [PMID: 
25024369]; [DOI: 10.1128/IAI.01615-14]

198. Blader IJ, Manger ID, Boothroyd JC. Microarray analysis reveals 
previously unknown changes in Toxoplasma gondii-infected 
human cells. J Biol Chem 2001; 276(26): 24223-24231. [PMID: 
11294868]; [DOI: 10.1074/jbc.M100951200]

199. Franklin-Murray AL, Mallya S, Jankeel A, Sureshchandra S, 
Messaoudi I, Lodoen MB. Toxoplasma gondii dysregulates barrier 
function and mechanotransduction signaling in human endothelial 
cells. mSphere 2020; 5(1): e00550-19. [PMID: 31996420]; [DOI: 
10.1128/mSphere.00550-19]

200. Bisio H, Lunghi M, Brochet M, Soldati-Favre D. Phosphatidic 
acid governs natural egress in Toxoplasma gondii via a guanylate 
cyclase receptor platform. Nat Microbiol 2019; 4(3): 420-428. 
[PMID: 30742070]; [DOI: 10.1038/s41564-018-0339-8]

201. Welti R, Mui E, Sparks A, Wernimont S, Isaac G, Kirisits M, Roth 
M, Roberts CW, Botte C, Marechal E, McLeod R. Lipidomic 
analysis of Toxoplasma gondii reveals unusual polar lipids. 
Biochemistry 2007; 46(48): 13882-13890. [PMID: 18988103]; 
[DOI: 10.1021/bi7011993]

202. Postma FR, Jalink K, Hengeveld T, Moolenaar WH. Sphingosine-
1-phosphate rapidly induces Rho-dependent neurite retraction: 
action through a specific cell surface receptor. EMBO J (Eur Mol 
Biol Organ J) 1996; 15(10): 2388-2392. [PMID: 8665846]; [DOI: 
10.1002/j.1460-2075.1996.tb00595.x]

203. Nobes CD, Hall A. Rho, rac and cdc42 regulate the assembly 
of multi-molecular focal complexes associated with actin stress 
fibers, lamellipodia and filopodia. Cell 1995; 81(1): 53-62. 
[PMID: 7536630]; [DOI: 10.1016/0092-8674(90370-4]

204. Spiegel S, Milstien S. The outs and the ins of sphingosine-1-
phosphate in immunity. Nat Rev Immunol 2011; 11(6): 403-415. 
[PMID: 21546914]; [DOI: 10.1038/nri2974]

205. Kim L, Denkers EY. Toxoplasma gondii triggers Gi-dependent PI 
3-kinase signaling required for inhibition of host cell apoptosis. 
J Cell Sci 2006; 119(Pt10): 2119-2126. [PMID: 16638808]; 
[DOI:10.1242/jcs.02934]

206. King WG, Mattaliano MD, Chan TO, Tsichlis PN, Brugge JS. 
Phosphatidylinositol 3-kinase is required for integrin-stimulated 
Akt and Raf-1/mitogen-activated protein kinase pathway 
activation. Mol Cell Biol 1997; 17(8): 4406-4418. [PMID: 
9234699]; [DOI: 10.1128/mcb.17.8.4406]

207. Charron AJ, Sibley LD. Host cells: mobilizable lipid resources for 
the intracellular parasite Toxoplasma gondii. J Cell Sci 2002; 115 
(Pt 15): 3049-3058. [PMID: 12118061]

208. Ramakrishnan S, Docampo MD, Macrae JI, Pujol FM, Brooks 
CF, van Dooren GG, Hiltunen JK, Kastaniotis AJ, McConville 

MJ, Striepen B. Apicoplast and endoplasmic reticulum cooperate 
in fatty acid biosynthesis in apicomplexan parasite Toxoplasma 
gondii. J Biol Chem 2012; 287(7): 4957-4971. [PMID: 22179608]; 
[DOI: 10.1074/BBC.M111.310144]

209. Amiar S, Macrae JI, Callahan DL, Dubois D, van Dooren GG, 
Shears MJ, Cesbron-Delauw MF, Marechal E, McConville MJ, 
McFadden MI, Yamaryo-Botte Y, Botte C. Apicoplast-localized 
lysophosphatidic acid precursor assembly is required for bulk 
phospholipid synthesis in Toxoplasma gondii and relies on an 
algal/plant-like glycerol 3-phosphate acyltransferase. PLoS Pathog 
2016; 12(8): e1005765. [PMID: 27490259]; [DOI: 10.1371/
journal.ppat.1005765]

210. Dubois D, Fernandes S, Amiar S, Dass S, Katris NJ, Botté CY, 
Yamaryo-Botte Y. Toxoplasma gondii acetyl-CoA synthetase is 
involved in fatty acid elongation (of long fatty acid chains) during 
tachyzoite life stages. J Lipid Res 2018; 59(6): 994-1004. [PMID: 
29678960]; [DOI: 10.1194/jlr.M082891]

211. Mazumdar J, Wilson EH, Masek K, Hunter CA, Striepen 
B. Apicoplast fatty acid synthesis is essential for organelle 
biogenesis and parasite survival in Toxoplasma gondii. PNAS 
2006; 103(35): 13192-13197. [PMID: 16920791]; [DOI: 10.1073/
pnas.0603391103]

212. Bisanz C, Bastien O, Grando D, Jouet J, Marechal E, Cesbron-
Delauw MF. Toxoplasma gondii acyl-lipid metabolism: de novo 
synthesis from apicoplast-generated fatty acids versus scavenging 
of host cell precursors. Biochem J 2006; 394(Pt 1): 197-205. 
[DOI: 10.1042/BJ20050609] [PMID: 16246004]

213. Gras S, Jimenez-Ruiz J, Klinger CM, Lemgruber L, Meissner M. 
Apicomplexan motility depends on the operation of an endocytic-
secretory cycle. BioRxiv 2018. [DOI: 10.1101/450080]

214. Garib V, Lang K, Niggemann B, Zanker KS, Brandt L, Dittmar 
T. Propofol-induced calcium signalling and actin reorganization 
within breast carcinoma cells. Eur J Anaesthesiol 2005; 22(8): 609-
615. [PMID: 16119598]; [DOI: 10.1017/S026502150500102X]

215. Weidner JM, Kanatani S, Hernandez-Castaneda MA, Fuks JM, 
Rethi B, Wallin RP, Barragan A. Rapid cytoskeleton remodelling 
in dendritic cells following invasion by Toxoplasma gondii 
coincides with the onset of a hypermigratory phenotype. Cell 
Microbiol 2013; 15(10): 1735-1752. [PMID: 23534541]; [DOI: 
10.1111/cmi.12145]

216. Pezzella-D’Alessandro N, Le Moal H, Bonhomme A, Valere A, 
Klein C, Gomez-Marin J, et al. Calmodulin distribution and the 
actomyosin cytoskeleton in Toxoplasma gondii. J Histochem 
Cytochem 2001; 49(4): 445-453. [PMID: 11259447]; [DOI: 
10.1177/002215540104900404]

217. Bullen HE, Bisio H, Soldami-Favre D. The triumvirate of 
signaling molecules controlling Toxoplasma microneme 
exocytosis: cyclic GMP, calcium, and phosphatidic acid. 
PLoS Pathog 2019; 15(5): e1007670. [DOI: 10.1371/journal.
ppat.1007670]

218. Dubey JP, Lindsay DS, Speer CA. Structures of Toxoplasma 
gondii tachyzoites, bradyzoites, and sporozoites and biology and 
development of tissue cysts Clin Microbiol Rev 1998; 11(2): 267-
299. [PMID: 9564564]

219. Liu Q, Li FC, Zhou CX, Zhu XQ. Research advances in 
interactions related to Toxoplasma gondii microneme proteins. Exp 
Parasitol 2017; 176: 1-10. [DOI: 10.1016/j.exppara.2017.03.001]

220. Khouri C, Blaise S, Carpentier P, Villier C, Cracowski JL, Roustit 
M. Drug-induced Raynaud’s phenomenon: beyond b-adrenoceptor 
blockers. Br J Clin Pharmacol 2016; 82(1): 6-16. [PMID: 
26949933]; [DOI: 10.1111/bcp.12912]

221. Brecht T, Hengstmann JH. Therapeutic effects of intraarterial 
phentolamine in "Raynaud's syndrome". Klin Wochenschr 1981; 
59(8): 397-401. [PMID: 7289447]; [DOI: 10.1007/BF01698518]

222. Freedman RR, Baer RP, Mayes MD. Blockade of vasospastic 
attacks by α2-adrenergic but not α1-adrenergic antagonists in 
idiopathic Raynaud’s disease. Circulation 1995; 92(6): 1448-1451. 



301

Prandota J. Raynaud’s phenomenon and latent Toxoplasma gondi  infection

[DOI: 10.1161/01.CIR.92.6.1448] [PMID: 7664425]
223. Johnson S, Iazzetta J, Dewar C. Severe Raynaud's phenomenon 

with yohimbine therapy for erectile dysfunction. J Rheumatol 
2003; 30(11): 2503-2505. [PMID: 14677199]

224. Avila-Vega J, Urrea-Mendoza E, Christy Lee C. Raynaud's 
phenomenon of the nipple as a side-effect of labetalol: case 
report and literature review. Case Rep Women’s Health 2019; 23: 
e00135. [PMID: 31388502]; [DOI: 10.1016/j.crwh.2019.e00135]

225. McGuinness N, Cording V. Raynaud's phenomenon of the nipple 
associated with labetalol use. J Hum Lact 2012; 29 (1): 17-19. 
[PMID: 23212937]; [DOI: 10.1177/0890334412467509]

226. Benedetto N, Folgore A, Ferrara C, Molitierno M, Galdiero 
F. Effects of alpha-adrenergic agonists on Toxoplasma gondii 
replication in human umbilical vein endothelial cells. Pathol Biol 
(Paris)1997; 45(1): 9-18. [PMID: 9097840]

227. Getz J, Monroy FP. Effects of α- and β-adrenergic agonists on 
Toxoplasma gondii infection in murine macrophages. J Parasitol 
2005; 91(1): 193-195. [PMID: 15856901]; [DOI: 10.1645/GE-
3242RN]

228. Nathan C,  Shi loh MU. React ive oxygen and ni t rogen 
intermediates in the relationship between mammalian hosts and 
microbial pathogens. Proc Natl Acad Sci USA 2000; 97: 8841-
8848. [PMID: 10922044]; [DOI: 10.1073/pnas.97.16.8841]

229. Moreira-Souza AC, Almeida-da-Silva CL, Rangel TP, Rocha 
GC, Bellio M, Zamboni DS, Vommaro RC, Coutinho-Silva 
R. The P2X7 receptor mediates Toxoplasma gondii control in 
macrophages through canonical NLRP3 inflammasome activation 
and reactive oxygen species production. Front Immunol 2017; 8: 
1257. [PMID: 29075257]; [DOI: 10.3389/fimmu.2017.01257]

230. Sena LA, Chandel NS. Physiological roles of mitochondrial 
reactive oxygen species. Mol Cell 2012; 48(2): 158-167. [PMID: 
23102266]; [DOI: 10.1016/j.molcel.2012.09.025]

231. Alday PH, Doggett JS. Drugs in development for toxoplasmosis: 
advances, challenges, and current status. Drug Design Dev Ther 
2017; 11: 273-293. [PMID: 8182168]; [DOI: 10.2147/DDDT.
S60973]

232. Lin SC, Chueh SC, Hsiao CJ, Li TK, Chen TH, Liao CH, Lyu 
PC, Guh JH. Prazosin displays anticancer activity against human 
prostate cancers: targeting DNA and cell cycle. Neoplasia 2007; 
9(10): 830-839. [PMID: 17971903]; [DOI 10.1593/neo.07475]

233. Krivogorsky B, Grundt P, Yolken R, Jones-Brando L. Inhibition 
of Toxoplasma gondii by indirubin and tryptanthrin analogs. 
Antimicrob Agents Chemother 2008; 52(12): 4466-4469. [PMID: 
18824607]; [DOI: 10.1128/AAC.00903-08]

234. Krivogorsky B, Nelson AC, Douglas KA, Grundt P. Tryptanthrin 
derivatives as Toxoplasma gondii inhibitors - structure-activity-
relationship of the 6-position. Bioorg Med Chem Lett 2013; 
23(23): 1032-1035. [PMID: 23321561]; [DOI: 10.1016/
j.bmcl.2012.12.024]

235. Vida G, Pena G, Kanashiro A, Thompson-Bonilla M, Palange 
D, Deitch EA, Ulloa L. b2-Adrenoreceptors of regulatory 
lymphocytes are essential for vagal neuromodulation of the innate 
immune system. FASEB J 2011; 25(12): 4476-4485. [PMID: 
21840939]; [DOI: 10.1096/fj.11-191007]

236. Vida G, Pena G, Deitch E A, Ulloa L. α7-Cholinergic receptor 
mediates vagal induction of splenic norepinephrine. J Immunol 
2011; 186(7): 4340-4346. [PMID: 21339364]; [DOI: 10.4049/
jimmunol.1003722]

237. Pyykko I, Farkkila M. Clonidine in the treatment of vibration-
induced white fingers. Scand J Work Environ Health 1982; 8(4): 
294-299. [PMID: 6763333]

238. Arbouw ME, Movig KLL, Guchelaar HJ, Neef C, Egberts TC. 
Dopamine agonists and ischemic complications in Parkinson’s 
disease: a nested case-control study. Eur J Clin Pharmacol 2012; 
68(1): 83-88. [PMID: 21779969]; [DOI: 10.1007/s00228-011-
1084-6]

239. Lei S. Cross interaction of dopaminergic and adrenergic systems 

in neural modulation. Int J Physiol Pathophysiol Pharmacol 2014; 
6(3): 137-142. [PMID: 25349636]

240. Chen JL, O’Shea M. Extravasation injury associated with low-
dose dopamine. Ann Pharmacother 1998; 32(5): 545-548. [PMID: 
9606475]; [DOI: 10.1345/aph.17184]

241. Anfossi G, Massucco P, Mularoni E, Mattiello L, Cavalot 
F, Burzacca S, Trovati M. Effect of dopamine on adenosine 
3’,5’-cyclic monophosphate levels in human platelets. Gen 
Pharmacol 1993; 24(2): 435-438. [PMID: 8387055]; [DOI: 
10.1016/0306-3623(93)90329-v]

242. Strobl JS, Goodwin DG, Rzigalinski BA, Lindsay DS. Dopamine 
stimulates propagation of Toxoplasma gondii tachyzoites in 
human fibroblast and primary neonatal rat astrocyte cell cultures. 
J Parasitol 2012; 98(6): 1296-1299. [PMID: 22512377]; [DOI: 
10.1645/GE-2760.1]

243. Montazeri M, Ebrahimzadeh MA, Ahmadpour E, Sharif M, Sarvi 
S, Daryani A. Evaluation of propranolol effect on experimental 
acute and chronic toxoplasmosis using quantitative PCR. 
Antimicrob Agents Chemother 2016; 60(12): 7128 -7133. [PMID: 
27645234]; [DOI: 10.1128/AAC.01323-16]

244. Martin HL, Alsaady I, Howell G, Prandovszky E, Peers C, 
Robinson P, McConkey GA. Effect of parasitic infection on 
dopamine biosynthesis in dopaminergic cells. Neuroscience 
2015; 306: 50-62. [PMID: 26297895]; [DOI: 10.1016/
j.neuroscience.2015.08.005]

245. Prandovszky E, Gaskell EA, Peers C, Robinson P, McConckey 
GA. The neurotropic parasite Toxoplasma gondii increases 
dopamine metabolism. PLoS ONE 2011; 6(9): e232866. [PMID: 
21957440]; [DOI: 10.1371/journal.pone.0023866]

246. Balbir-Gurman A, Braun-Moscovici Y, Nahir AM. Cocaine-
induced Raynaud’s phenomenon and ischaemic finger necrosis. 
Clin Rheumatol 2001; 20(5): 376-378. [PMID: 11642523]; [DOI: 
10.1007/s100670170031]

247. Noel B. Cocaine- and arsenic-induced Raynaud’s phenomenon. 
Clin Rheumatol 2002; 21(4): 343-344. [PMID: 12296288]; [DOI: 
10.1007/s100670200091]

248. Kaushik KS, Kapila K, Praharaj AK. Shooting up: the interface of 
microbial infections and drug abuse. J Med Microbiol 2011, 60(Pt 
4): 408-422. [PMID: 21389334]; [DOI 10.1099/jmm.0.027540-0]

249. Gazzinelli RT, Hakim FT, Hieny S, Shearer GM, Sher A. 
Synergistic role of CD4+ and CD8+ T lymphocytes in IFN-γ 
production and protective immunity induced by an attenuated 
Toxoplasma gondii vaccine. J Immunol 1991; 146(1): 286-292. 
[PMID: 1670604]

250. Silva JL, Rezende-Oliveira K, da Silva MV, Gómez-Hernández 
C, Peghini BC, Silva NM, Mineo JR, Rodrigues Junior V. IL-
17-expressing CD4+ and CD8+ T lymphocytes in human 
toxoplasmosis. Mediators Inflamm 2014; art. ID 573825. [PMID: 
25214715]; [DOI: 10.1155/2014/573825]

251. Heesch CM, Wilhelm CR, Ristich J, Adnane J, Bontempo FA, 
Wagner WR. Cocaine activates platelets and increases the 
formation of circulating platelet containing microaggregates in 
humans. Heart 2000; 83(6): 688-695. [PMID: 10814631]; [DOI: 
10.1136/hart.83.6.688]

252. Rezkalla SH, Mazza JJ, Kloner RA, Tillema V, Chang SH. Effects 
of cocaine on human platelets in healthy subjects. Am J Cardiol 
1993; 72(2): 243-246. [PMID: 8328397]; [DOI: 10.1016/0002-
9149(93)90173-a]

253. Chumpitazi BF, Simon J, Polack B, Peyron F, Picot S, Ricard J. 
Human platelet inhibition of Toxoplasma gondii growth. Clin 
Exp Immunol 1998; 111(2): 325-333. [PMID: 9486399]; [DOI: 
10.1046/j.1365-2249.1998.00499.x]

254. Yong EC, Chi EY, Fritsche TR, Henderson WR Jr. Human 
platelet-mediated cytotoxicity against Toxoplasma gondii: role of 
thromboxane. J Exp Med 1991; 173(1): 65-78. [PMID: 1808664]; 
[DOI: 10.1084/jem.173.1.65]

255. Elmorsy E, Mahmoud E, Rakha S, Shoaib M. An association 



302

Prandota J. Raynaud’s phenomenon and latent Toxoplasma gondi  infection

between latent toxoplasmosis and substance abuse: an Egyptian 
Center Study. J Addict Dis 2019; 37(3-4): 165-172. [PMID: 
31328700]; [DOI: 10.1080/10550887.2019.1641378]

256. Garcia-Porrua C, Margarinos CC, Gonzalez-Gay MA. Raynaud’s 
phenomenon and serotonin reuptake inhibitors. J Rheumatol 2004; 
31(10): 2090. [PMID: 15468384]

257. Rudnick A, Modai I, Zelikovski A. Fluoxetine-induced Raynaud’s 
phenomenon. Biol Psychiatry 1997; 41(12): 1218-1221. [PMID: 
9171912]; [DOI: 10.1016/s0006-3223(97)00188-1]

258. Arreola R, Becerril-Villanueva E, Cruz-Fuentes C, Velasco-
Velázquez MA, Garcés-Alvarez ME, Hurtado-Alvarado G, 
Quintero-Fabian S, Pavon L. Immunomodulatory effects mediated 
by serotonin. J Immunol Res 2015; art. ID 354957. [DOI: 
10.1155/2015/354957]

259. Castello A, Bruschetta G, Giunta RP, Marino AM, Ferlazzo 
AM. The effect of Toxoplasma gondii on plasma serotonin 
concentration in sheep. Vet World 2018; 11(10): 1500-1505. 
[PMID: 30532508]; [DOI: 10.14202/vetworld.2018.1500-1505]

260. Arzt E, Costas M, Finkielman S, Nahmod VE. Serotonin 
inhibition of tumor necrosis factor-α synthesis by human 
monocytes. Life Sci 1991; 48(26): 2557-2562. [PMID: 2046478]; 
[DOI: 10.1016/0024-3205(91)90612-F]

261. Kubera M, Maes M, Kenis G, Kim YK, Lason W. Effects of 
serotonin and serotonergic agonists and antagonists on the 
production of tumor necrosis factor alpha and interleukin-6. 
Psychiatry Res 2005; 134(3): 251-258. [PMID: 15892984]; [DOI: 
10.1016/j.psychres.2004.01.014]

262. Slużewska A, Rybakowski JK, Laciak M, Mackiewicz A, Sobieska 
M, Wiktorowicz K. Interleukin-6 serum levels in depressed 
patients before and after treatment with fluoxetine. Ann New York 
Acad Sci 1996; 762: 474-476. [DOI: 10.1111/j.1749-6632.1995.
tb32372.x]

263. Benedetto N, Folgore A, Romano-Carratelli C, Galdiero F. Effects 
of cytokines and prolactin on the replication of Toxoplasma gondii 
in murine microglia. Eur Cytokine Netw 2001; 12(2): 348-358. 
[PMID: 11399525]

264. Rami M, Guillamat-Prats R, Rinne P, Salvermoser M, Ring L, 
Bianchini M, Blanchet S, Megens RT, Döring Y, Walzog B, 
Soehnlein O, Weber C, Faussner A, Steffens S. Chronic intake 
of the selective serotonin reuptake inhibitor fluoxetine enhances 
atherosclerosis. Arterioscler Thromb Vasc Biol 2018; 38: 1007-
1019. [DOI: 10.1161/ATVBAHA.117.310536]

265. Dahlöf C, Maassen Van Den Brink A. Dihydroergotamine, 
ergotamine, methysergide and sumatriptan - basic science in 
relation to migraine treatment. Headache 2012; 52: 707-714. 
[PMID: 22444161]; [DOI: 10.1111/j.1526-4610.2012.02124.x]

266. Hahne T, Balda BR. [Finger tip necroses after dihydroergotamine 
medication in limited systemic scleroderma]. Hautarzt Z Dermatol 
Venerol Verwandte Geb 1998; 49: 722-724.

267. Baldim I, Oliveira WP, Kadian V, Rao R, Yadav N, Mahant S, 
Lucarini M, Durazzo A, Da Ana R, Capasso R, Souto SB, Santini 
A, Souto EB. Natural ergot alkaloids in ocular pharmacotherapy: 
known molecules for novel nanoparticle-based delivery systems. 
Biomolecules 2020; 10(7): 980. [DOI: 10.3390/biom10070980]

268. Amirkia V, Heinrich M. Alkaloids as drug leads - A predictive 
structural and biodiversity-based analysis. Phytochem Lett 2014; 
10(16): xlviii-liii. [DOI: 10.1016/j.phytol.2014.06.015]

269. Ahmad S, Garg M, Tamboli ET, Abdin MZ, Ansari SH. In 
vitro production of alkaloids: factors, approaches, challenges 
and prospects. Pharmacogn Rev 2013; 7(13): 27-33. [PMID: 
23922453]; [DOI: 10.4103/0973-7847.112837]

270. Adamski Z, Blythe LL, Milella L, Bufo SA. Biological activities 
of alkaloids: from toxicology to pharmacology. Toxins 2020; 
12(4): 210. [PMID: 32224853]; [DOI: 10.3390/toxins12040210]

271. Goldman W, Seltzer R, Reuman P. Association between treatment 
with central nervous system stimulants and Raynaud’s syndrome 
in children. A: retrospective case-control study of rheumatology 

patients. Arthritis Rheum 2008; 58(2): 563-566. [DOI 10.1002/
art.23301]

272. Syed RH, Moore TL. Methylphenidate and dextroamphetamine-
induced  pe r iphe ra l  vascu lopa thy.  J  C l in  Rheumato l 
2008; 14(1): 30-33. [PMID: 18431096]; [DOI: 10.1097/
RHU.0b013e3181639aaa]

273. Bayram O, Hergüner S. OROS-methylphenidate-induced 
Raynaud's phenomenon: A dose-related side effect (Letter to the 
Editor). J Child Adolesc Psychopharmacol 2015; 25(6): 521-522. 
[DOI: 10.1089/cap.2015.0033]

274. Monteerarat Y, Pariwatcharakul P. Methylphenidate-induced 
Raynaud phenomenon developed after increasing methylphenidate 
in an adult with attention-deficit hyperactivity disorder. J 
Clin Psychopharmacol 2019; 39(2): 178-179. [DOI: 10.1097/
JCP.0000000000001007]

275. Yu ZJ, Parker-Kotler C, Tran K, Weller  RA, Weller EB. 
Peripheral vasculopathy associated with psychostimulant 
treatment in children with attention-deficit/hyperactivity disorder. 
Curr Psychiatry Rep 2010; 12: 111-115. [DOI: 10.1007/s11920-
010-0093-y]

276. Gnanavel S. Lisdexamfetamine and secondary Raynaud’s 
phenomenon. Prim Care Companion CNS Disord 2018; 20(5): 
17l02240. [PMID: 30256542]; [DOI: 10.4088/PCC.17I02240]

277. Auci DL, Fikrig S, Rodriquez J. Methylphenidate and the 
immune system (Letter to Editor). J Am Acad Child Adolesc 
Psychiatry 1997; 36(8): 1015-1016. [PMID: 9256577]; [DOI: 
10.1097/00004583-199708000-00004]

278. Ridel PR, Auriault C, Darcy F, Pierce RJ, Leite P, Santoro F, 
Neyrinck JL, Kusnierz JP, Capron A. Protective role of IgE in 
immunocompromised rat toxoplasmosis. J Immunol 1988; 141(3): 
978-983. [PMID: 3397537]

279. Richards JR, Farias VF, Clingan CS. Association of leukocytosis 
with amphetamine and cocaine use. Sci World J 2014, art. ID 
207651. [DOI: 10.1155/2014/207651]

280. Glac W, Borman A, Radtke P, Stojek W, Orlikowska A, Tokarski J. 
Amphetamine enhances natural killer cytotoxic activity via beta-
adrenergic mechanism. J Physiol Pharmacol 2006; 57(Suppl 11): 
125-132. [PMID: 17244944]

281. Lam AP, de Sordi D, Müller HH, Lam MC, Carl A, Kohse KP, 
Philipsen A. Aggravation of symptom severity in adult attention-
deficit/hyperactivity disorder by latent Toxoplasma gondii 
infection: a case-control study. Sci Rep  2020: 10: 14382  [DOI: 
10.1038/s41598-020-71084-w]

282. Arinsoy T, Derici U, Yuksel A, Reis KA, Sindel S. Cyclosporine-a 
treatment and a rare complication: Raynaud’s phenomenon. Int 
J Clin Pract 2005; 59(7): 863-864. [PMID: 15963220]; [DOI: 
10.1111/j.1368-5031.2005.00566a.x]

283. Davenport A. The effect of renal transplantation and treatment 
with cyclosporin A on the prevalence of Raynaud’s phenomenon. 
Clin Transplant 1993; 7(1 I): 4-8.

284. Deray G, Le Hoang P, Achour L, Hornych A, Landault C, 
Caraillon A. Cyclosporin and Raynaud phenomenon. Lancet 1986; 
2(8515): 1092-1093. PMID: 2877238]; [DOI: 10.1016/s0140-
6736(86)90484-8]

285. Sharma AK, Sunil S, Rustom R, Bone JM, Hammad A, Bakran 
A, Sells RA. Cyclosporin A-related Raynaud’s phenomenon in a 
renal transplant recipient. Transpl Int 2002; 15: 517-518. [PMID: 
12389086]; [DOI: 10.1007/s00147-002-0422-0]

286. Marumo T, Nakaki T, Hishikawa K, Suzuki H, Kato R, Saruta T. 
Cyclosporin A inhibits nitric oxide synthase induction in vascular 
smooth muscle cells. Hypertension 1995; 25(4 Pt 2): 764-768. 
[PMID: 7536714]; [DOI: 10.1161/01.hyp.25.4.764]

287. McCabe RE, Luft BJ, Remington JS. The effects of cyclosporine 
on Toxoplasma gondii in vivo and in vitro. Transplantation 1986; 
41(5): 611-615. [PMID: 3705159]; [DOI: 10.1097/00007890-
198605000-00012]

288. Barrs VR, Martin P, Beatty JA. Antemortem diagnosis and 



303

Prandota J. Raynaud’s phenomenon and latent Toxoplasma gondi  infection

treatment of toxoplasmosis in two cats on cyclosporine therapy. 
Australian Vet J 2006; 84(1-2): 30-35. [PMID: 16498831]; [DOI: 
10.1111/j.1751-0813.2006.tb13119.x]

289. Lappin MR, Van Lare KA, Seewald W, Roycroft LM, Scorza AV, 
King S, Roberts ES. Effect of oral administration of cyclosporine 
on Toxoplasma gondii infection status of cats. Am J Vet Res 2015; 
76(4): 351-357. [PMID: 25815576]; [DOI: 10.2460/ajvr.76.4.351]

290. Miyazaki Y, Inaoka DK, Shiba T, Saimoto H, Sakura T, Amalia 
E, Kido Y, Sakai C, Nakamura M, Moore AL, Harada S, Kita K. 
Selective cytotoxicity of dihydroorotate dehydrogenase inhibitors 
to human cancer cells under hypoxia and nutrient-deprived 
conditions. Front Pharmacol 2018; 9: 997. [DOI: 10.3389/
fphar.2018.00997]

291. Bouquet É, Urbanski G, Lavigne C, Laine-Cessac P. Unexpected 
drug-induced Raynaud phenomenon: analysis from the French 
national pharmacovigilance database. Therapie 2017; 72(5): 547-
554. [PMID: 28336160]; [DOI: 10.1016/j.therap2017.01.008] [

292. Vyas VK, Ghate M. Recent developments in the medicinal 
chemistry and therapeutic potential  of  dihydroorotate 
dehydrogenase (DHODH) inhibitors. Mini Rev Med Chem 
2011;  11(12) :  1039-1055.  [PMID:  21861807] ;  [DOI: 
10.2174/138955711797247707]

293. Hortua Triana MA, Cajiao Herrera D, Zimmermann BH, Fox 
BA, Bzik DJ. Pyrimidine pathway-dependent and -independent 
functions of the Toxoplasma gondii mitochondrial dihydroorotate 
dehydrogenase. Infect Immun 2016; 84: 2974-2981. [DOI: 
10.1128/IAI.00187-16]

294. Korn T, Toyka K, Hartung HP, Jung S. Suppression of 
experimental autoimmune neuritis by leflunomide. Brain 2001; 
124(Pt 9): 1791-1802. [PMID: 11522581]; [DOI: 10.1093/
brain/124.9.1791]

295. Sierra Pagan ML, Zimmermann BH. Cloning and expression 
of the dihydroorotate dehydrogenase from Toxoplasma gondii. 
Biochim Biophys Acta 2003; 1637: 178-181. [DOI: doi:10.1016/
S0925-4439(02)00226-0]

296. Reid J, Holt S, Housley E, Sneddon DJ. Raynaud's phenomenon 
induced by sulphasalazine. Postgrad Med J 1980; 56(652): 106-
107. [PMID: 6104805]; [DOI: 10.1136/pgmj.56.652.106]

297. Ahmad J, Siddiqui MA, Khan AS, Afzall S. Raynaud’s 
phenomenon induced by sulphasalazine in a case of chronic 
ulcerative colitis. J Assoc Physicians India 1984; 32(4): 370. 
[PMID: 6146597]

298. Meneceur P, Bouldouyre MA, Aubert D, Villena I, Menotti J, 
Sauvage V, Garin JF, Derouin F. In vitro susceptibility of various 
genotypic strains of Toxoplasma gondii to pyrimethamine, 
sulfadiazine, and atovaquone. Antimicrob Agents Chemother 
2008; 52(4):1269-1277. [PMID: 18212105]; [DOI: 10.1128/
AAC.01203-07]

299. Grossman PL, Remington JS. The effect of trimethoprim and 
sulfamethoxazole on Toxoplasma gondii in vitro and in vivo. Am 
J Trop Med Hyg 1979; 28(3): 445-455. [PMID: 453442]; [DOI: 
10.4269/ajtmh.1979.28.445]

300. Allegra CJ, Boarman D, Kovacs JA, Morrison P, Beaver J, 
Chabner BA, Masur H.. Interaction of sulfonamide and sulfone 
compounds with Toxoplasma gondii dihydropteroate synthase. 
J Clin Invest 1990; 85(2): 371-379. [PMID: 2298911]; [DOI: 
10.1172/JCI114448]

301. van der Ven Ajam M, Schoondermark-van der Ven Eme, 
Camps W, Melchers WJ, Koopmans PP, van der Meer JW, et 
al. Anti-toxoplasma effect of pyrimethamine, trimethoprim and 
sulphonamides alone and in combination: implications for therapy. 
J Antimicrob Chemother 1996; 38(1): 75-80. [PMID: 8858459]; 
[DOI: 10.1093/jac/38.1.75]

302. Sabbagh N, Delaporte E, Marez D, Lo-Guidice JM, Piette F, Broly 
F. NAT2 genotyping and efficacy of sulfasalazine in patients with 
chronic discoid lupus erythematosus. Pharmacogenetics 1997; 
7(2): 131-135. [PMID: 9170150]; [DOI: 10.1097/00008571-

199704000-00006]
303. Griffith ID, Kane SP. Sulphasalazine-induced lupus syndrome in 

ulcerative colitis. Brit Med J 1977; 2(6096): 1188-1189. [PMID: 
22375]; [DOI: 10.1136/bmj.2.6096.1188]

304. Lappas M, Yee K, Permezel M, Rice GE. Sulfasalazine and BAY 
11-7082 interfere with the nuclear factor-κB and IκB kinase 
pathway to regulate the release of proinflammatory cytokines from 
human adipose tissue and skeletal muscle in vitro. Endocrinology 
2005; 146(3): 1491-1497. [PMID: 15564333]; [DOI: 10.1210/
en.2004-0809]

305. Hazenberg CL, Ossenkoppele GJ, Smit WM. Raynaud-
like phenomenon in two patients on nilotinib. Br J Haematol 
2012; 158(4): 431. [PMID: 22765239]; [DOI: 10.1111/j.1365-
2141.2012.09215.x]

306. Yang Z, Ahn HJ, Nam HW. Gefitinib inhibits the growth of 
Toxoplasma gondii in HeLa cells. Korean J Parasitol 2014; 52(4): 
439-442. [PMID: 25246725]; [DOI: 10.3347/kjp.2014.52.4.439]

307. Yang Z, Ahn HJ, Park YH, Nam HW. Afatinib reduces STAT6 
signaling of host ARPE-19 cells infected with Toxoplasma gondii. 
Korean J Parasitol 2016; 54(1): 31-38. [PMID: 26951976]; [DOI: 
10.3347/kjp.2016.54.1.31]

308. Kim YH, Bhatt L, Ahn HJ, Yang Z, Lee WK, Nam HW. 
Suppressors for human epidermal growth factor receptor 2/4 
(HER2/4): a new family of anti-toxoplasmic agents in ARPE-
19 cells. Korean J Parasitol 2017; 55(5): 491-503. [PMID: 
29103264]; [DOI: 10.3347/kjp.2017.55.5.491]

309. Lopez Corcino Y, Gonzalez Ferrer S, Mantilla LE, Trikeriotis S, 
Yu JS, Kim S, Hansen S, Portillo JA, Subauste CS. Toxoplasma 
gondii induces prolonged host epidermal growth factor receptor 
signalling to prevent parasite elimination by autophagy: 
perspectives for in vivo control of the parasite. Cell Microbiol 
2019; 21(10): e13084. [DOI: 10.1111/cmi.13084]

310. Ferreira S, De Carvalho TM, De Souza W. Protein phosphorylation 
during the process of interaction of Toxoplasma gondii with host 
cells. J Submicroscop Cytol Pathol 2003; 35(3): 245-252. [PMID: 
14690172]

311. Caldas LA, Seabra SH, Attias M, de Souza W. The effect of 
kinase, actin, myosin and dynamin inhibitors on host cell egress 
by Toxoplasma gondii. Parasitol Int 2013; 62(5): 475-482. [PMID: 
23624149]; [DOI: 10.1016/j.parint.2013.04.006]

312. Kobak S. Secukinumab-induced Raynaud’s phenomenon: first 
report in the literature. Ther Adv Drug Saf 2020; 11: 1-4. [DOI: 
10.1177/2042098620905976]

313. Jaleel  T,  Elmets C, Weinkle A, Kassira S,  Elewski B. 
Secukinumab (AIN-457) for the treatment of psoriasis. 
Expert Rev Clin Pharmacol 2016; 9(2): 187-202. [DOI: 
10.1586/17512433.2016.1129894]

314. Deodhar A, Mease PJ, McInnes IB, Baraliakos X, Reich K, 
Blauvelt A, Leonardi C, Porter B, Das Gupta A, Widmer A, 
Pricop L, Fox T. Long-term safety of secukinumab in patients 
with moderate-to-severe plaque psoriasis, psoriatic arthritis, and 
ankylosing spondylitis: integrated pooled clinical trial. and post-
marketing surveillance data. Arthritis Res Ther 2019; 21: 111. 
[DOI: 10.1186/s13075-019-1882-2]

315. Muslimani MA, Di Palma-Grisi J. Severe acute toxoplasmosis 
infection following ustekinumab treatment in a patient with 
psoriasis vulgaris. BMJ Case Rep 2019; 12(8): e230415. [PMID: 
31420435]; [DOI: 10.1136/bcr-2019-230415]

316. Saheb EJ, Al-Issa YA, Mussa IS, Zghair KH. Incidence of 
toxoplasmosis in psoriasis patients and possible correlation with 
tumor necrosis factor-α. Bagdad Sci J 2020; 17(1) Suppl: 214-
219. [DOI: 10.21123/bsj.2020.17.1(Suppl.).0214]

317. Teixeira AR, Hecht MM, Guimaro MC, Sousa AO, Nitz N. 
Pathogenesis of Chagas’ disease: parasite persistence and 
autoimmunity. Clin Microbiol Rev 2011; 24(3): 592-630. [PMID: 
21734249]; [DOI: 10.1128/CMR.00063-10]

318. Guiton R, Vasseur V, Charron S,  Torres Arias M, Van 



304

Prandota J. Raynaud’s phenomenon and latent Toxoplasma gondi  infection

Langendonck N, Buzoni-Gatel D, Ryffel B, Dimier-Poisson I. 
Interleukin 17 receptor signaling is deleterious during Toxoplasma 
gondii infection in susceptible BL6 mice. J Infect Dis 2010; 
202(3): 427-435. [DOI: 10.1086/653738]

319. Passos ST, Silver JS, O'Hara AC, Sehy D, Stumhofer JS, 
Hunte CA. IL-6 promotes NK cell production of IL-17 during 
toxoplasmosis  J Immunol 2010; 184(4): 1776-1783. [DOI: 
10.4049/jimmunol.0901843]

320. Moroda M, Takamoto M, Iwakura Y, Nakayama J, Aosai 
F. Interleukin-17A- deficient mice are highly susceptible to 
Toxoplasma gondii infection due to excessively induced T. gondii 
HSP70 and interferon gamma production. Infect Immun 2017; 85: 
e00399-17. [DOI: 10.1128/IAI.00399-17]

321. Freudiger H, Bounameaux H, Garcia J. Acroosteolysis and 
Raynaud’s phenomenon after vinyl chloride exposure. Vasa 1988; 
17(3): 216-218. [PMID: 3176646]

322. Langauer-Lewowicka H, Dudziak Z, Byczkowska Z, Marks 
J. Cryoglobulinemia in Raynaud's phenomenon due to vinyl 
chloride. Int Arch Occup Environ Heath 1976; 36: 197-207. 
[PMID: 1248884]; [DOI: 10.1007/BF00378274]

323. Berkun Y, Zandman-Goddard G, Barzilai O, Boaz M, Sherer 
Y, Larida B, et al. Infectious antibodies in systemic lupus 
erythematosus patients. Lupus 2009; 18(13): 1129-1135. [PMID: 
19880558]; [DOI: 10.1177/0961203309345729]

324. Lidar M, Lipschitz N, Agmon-Levin N, Langevitz P, Barzilai O, 
Ram M, Porat-Katz BS, Bizzaro N, Damoiseaux J, Tervaert JW, 
deVita S, Bombardieri S, Shoenfeld Y. Infectious serologies and 
autoantibodies in hepatitis C and autoimmune disease-associated 
mixed cryoglobulinemia. Clinic Rev Allerg Immunol 2012; 42: 
238-246. [DOI: 10.1007/s12016-011-8275-x]

325. Miralles López JC, López Andreu FR, Sánchez-Gascón F, López 
Rodríguez C, Negro Alvarez JM. Cold urticaria associated 
with acute serologic toxoplasmosis. Allergol Immunopathol 
(Madr) 2005; 33(3):  172-4. [PMID: 15946632]; [DOI: 
10.1157/13075702]

326. Chaparro JD, Cheng T, Tran UP, Andrade RM, Brenner SBT, 
Hwang G, Cohn S, Hirata K, McKerrow JH, Reed SL. Two key 
cathepsins, TgCPB and TgCPL, are targeted by the vinyl sulfone 
inhibitor K11777 in in vitro and in vivo models of toxoplasmosis. 
PLoS ONE 2018; 13(3): e0193982. [DOI: 10.1371/journal.
pone.0193982]

327. Larson ET, Parussini F, Huynh MH, Giebel JD, Kelley AM, 
Zhang L, Bogyo M, Merritt EA, Carruthers VB. Toxoplasma 
gondii cathepsin L is the primary target of the invasion-inhibitory 
compound morpholinurea-leucylhomophenyl-vinyl sulfone 
phenyl. J Biol Chem 2009; 284: 39: 26839-26850. [DOI 10.1074/
jbc.M109.003780]

328. Lagerkvist BE, Linderholm H, Nordberg GF. Arsenic and 
Raynaud's phenomenon. Vasospastic tendency and excretion of 
arsenic in smelter workers before and after the summer vacation. 
Int Arch Occup Environ Health 1988; 60(5): 361-364. [PMID: 
3384494]; [DOI: 10.1007/BF00405671]

329. Rocha RA, Gimeno-Alcañiz JV, Martín-Ibañez R, Canals JM, 
Vélez D, Devesa V. Arsenic and fluoride induce neural progenitor 
cell apoptosis. Toxicol Lett 2011; 203(3): 237-244. [PMID: 
21439358]; [DOI: 10.1016/j.toxlet.2011.03.023]

330. Hwang IY, Quan JH, Ahn MH, Ahmed HA, Cha GH, Shin DW, 
Lee YH. Toxoplasma gondii infection inhibits the mitochondrial 
apoptosis through induction of Bcl-2 and HSP70. Parasitol Res 
2010; 107(6): 1313-1321. [PMID: 20680337]; [DOI: 10.1007/
s00436-010-1999-3]

331. Mammari N, Halabi MA, Yaacoub S, Chlala H, Dardé ML, 
Courtioux B. Toxoplasma gondii modulates the host cell 
responses: an overview of apoptosis pathways. BioMed 
Res Int 2019; art. ID 6152489. [PMID: 31080827]; [DOI: 
10.1155/2019/6152489]

332. Lovett JL, Sibley LD. Intracellular calcium stores in Toxoplasma 

gondii govern invasion of host cells. J Cell Sci 2003; 116(Pt 14): 
3009-3016. [PMID: 12783987]; [DOI: 10.1242/jcs.00596]

333. Suzuki Y. Immunopathogenesis of cerebral toxoplasmosis. J Infect 
Dis 2002; 186 (Suppl 2): S234-S240. [PMID: 12424703]; [DOI: 
10.1086/344276]

334. Butcher BA, Kim L, Johnson PF, Denkers EY. Toxoplasma 
gondii tachyzoites inhibit proinflammatory cytokine induction in 
infected macrophages by preventing nuclear translocation of the 
transcription factor NF-κB. J Immunol 2001; 167(4): 2193-2201. 
[DOI: 10.4049/jimmunol.167.4.2193]

335. Ma Y, Niu R, Sun Z, Wang J, Luo G, Zhang J, Wang J. 
Inflammatory responses induced by fluoride and arsenic at toxic 
concentration in rabbit aorta. Arch Toxicol 2012; 86: 849-856. 
[DOI: 10.1007/s00204-012-0803-9]

336. Furspan PB, Chatterjee S, Freedman RR. Increased tyrosine 
phosphorylation mediates the cooling-induced contraction and 
increased vascular reactivity of Raynaud’s disease. Arthritis 
Rheum 2004; 50(5): 1578-1585. [DOI: 10.1002/art.20214]

337. Tamaki Z, Asano Y, Hatano M, Yao A, Kawashima T, Tomita 
M, et al. Efficacy of low-dose imatinib mesylate for cutaneous 
involvement in systemic sclerosis: a preliminary report of three 
cases. Mod Rheumatol Jpn Rheum Assoc 2012; 22(1): 94-99. 
[PMID: 21633912]; [DOI: 10.1007/s10165-011-0472-1]

338. Quintás-Cardama A, Kantarjian H, Cortes J. Nilotinib-associated 
vascular events. Clin Lymphoma Myeloma Leuk 2012; 12(5): 
337-340. [PMID: 22633167]; [DOI: 10.1016/j.clml.2012.04.005]

339. Ballardini P, Margutti G, Manfredini R. Digital necrosis induced 
by erlotinib treatment in metastatic adenocarcinoma of the lung. 
Curr Oncol 2011; 18(3): 109-110. [PMID: 21655156]; [DOI: 
10.3747/co.v18i3.782]

340. Reese ML, Zeiner GM, Saeij JP, Boothroyd JC, Boyle JP. 
Polymorphic family of injected pseudokinases is paramount in 
Toxoplasma virulence. Proc Natl Acad Sci USA 2011; 108(23): 
9625-9630. [PMID: 21436047]; [DOI: 10.1073/pnas.1015980108]

341. Lourido S, Tang K, Sibley LD. Distinct signaling pathways 
control Toxoplasma egress and host-cell invasion. EMBO J 2012; 
31: 4524-4534. [DOI: 10.1038/emboj.2012.299]

342. McCoy JM, Whitehead L, van Dooren GG, Tonkin CJ. TgCDPK3 
regulates calcium-dependent egress of Toxoplasma gondii from 
host cells. PLoS Pathog 2012; 8: e1003066. [DOI: 10.1371/
journal.ppat.1003066]

343. Garrison E, Treeck M, Ehret E, Butz H, Garbuz T, Oswald BP, 
Settles M, Boothroyd J, Arrizabalaga G. A forward genetic 
screen reveals that calcium-dependent protein kinase 3 regulates 
egress in Toxoplasma. PLoS Pathog 2012; 8: e1003049. [PMID: 
23209419]; [DOI: 10.1371/journal.ppat.1003049]

344. Varberg JM, Coppens I, Arrizabalaga G, Gaji RY. TgTKL1 is a 
unique plant-like nuclear kinase that plays an essential role in 
acute toxoplasmosis. mBio 2018; 9: e00301-18. [DOI: 10.1128/
mBio.00301-18]

345. Peixoto L, Chen F, Harb OS, Davis PH, Beiting DP, Small 
Brownback C, Ouloguem D, Roos DS. Integrative genomic 
approaches highlight a family of parasite-specific kinases that 
regulate host responses. Cell Host Microbe 2010; 8(2): 208-218. 
[PMID: 20709297]; [DOI: 10.1016/j.chom.2010.07.004]

346. Miranda-Saavedra D, Gabaldon T, Barton GJ, Langsley G, Doerig 
C. The kinomes of apicomplexan parasites. Microbes Infect 
2012; 14(10): 796-810. [PMID: 22587893]; [DOI: 10.1016/
j.micinf.2012.04.007]

347. Taylor S, Barragan A, Su C, Fux B, Fentress SJ, Tang K, Beatty 
WL, Hajj HE, Jerome M, Behnke MS, White M, Wooton JC, 
Sibley LD. A secreted serine-threonine kinase determines 
virulence in the eukaryotic pathogen Toxoplasma gondii. Science 
2006; 314(5806): 1776-1780. [PMID: 17170305]; [DOI: 10.1126/
science.1133643]

348. Carruthers VB, Giddings OK, Sibley LD. Secretion of micronemal 
proteins is associated with Toxoplasma invasion of host cells. 



305

Prandota J. Raynaud’s phenomenon and latent Toxoplasma gondi  infection

Cell Microbiol 1999; 1(3): 225-235. [PMID: 11207555]; [DOI: 
10.1046/j.1462-5822.1999.00023.x]

349. Ong YC, Reese ML, Boothroyd JC. Toxoplasma rhoptry 
protein 16 (ROP16) subverts host function by direct tyrosine 
phosphorylation of STAT6. J Biol Chem 2010; 285(37): 28731-
28740. [PMID: 20624917]; [DOI: 10.1074/BBC.M110.112359]

350. Yamamoto M, Standley DM, Takashima S, Saiga H, Okuyama M, 
Kayama H, Kubo E, Ito H, Takaura M, Matsuda T, Soldati-Favre 
D, Takeda K. A single polymorphic amino acid on Toxoplasma 
gondii kinase ROP16 determines the direct and strain-specific 
activation of Stat3. J Exp Med 2009; 206(12): 2747-2760. [DOI: 
10.1084/jem.20091703]

351. Butcher BA, Fox BA, Rommereim LM, Kim SG, Maurer KJ, 
Yarovinsky F, Herbert DR, Bzik DJ, Denkers EY. Toxoplasma 
gondii rhoptry kinase ROP16 activates STAT3 and STAT6 
resulting in cytokine inhibition and arginase-1-dependent growth 
control. PLoS Pathog 2011; 7(9): e1002236. [DOI: 10.1371/
journal.ppat.1002236]

352. Saeij JP, Coller S, Boyle JP, Jerome ME, White MW, Boothroyd 
JC. Toxoplasma co-opts host gene expression by injection of a 
polymorphic kinase homologue. Nature 2007; 445(7125): 324-
327. [PMID: 17183270]; [DOI: 10.1038/nature05395]

353. Kemp LE, Yamamoto M, Soldati-Favre D. Subversion of 
host cellular functions by the apicomplexan parasites. FEMS 
Microbiol Rev  2013; 37(4): 607-631. [PMID: 23186105]; [DOI: 
10.1111/1574-6976.12013]

354. Ennis H, Hughes M, Anderson ME, Wilkinson J, Herrick AL. 
Calcium channel blockers for primary Raynaud’s phenomenon. 
Cochrane Database Syst Rev 2016; Issue 2: art. no. CD002069. 
[DOI: 10.1002/14651858.CD002069.pub5]

355. Hinze AM, Wigley FM. Pharmacotherapy options in the 
management of Raynaud’s phenomenon. Curr Treat Opt 
Rheumatol 2018; 4(3): 235-254. [DOI: 10.1007/s40674-018-
0102-6]

356. Weber A, Bounameaux H. Effects of low-dose nifedipine on a cold 
provocation test in people with Raynaud’s disease. J Cardiovasc 
Pharmacol 1990; 15(5): 853-855. [PMID: 1692948]; [DOI: 
10.1097/00005344-199005000-00023]

357. S t u rg i l l  M G ,  S e i b o l d  J R .  R a t i o n a l  u s e  o f  c a l c i u m -
channel antagonists in Raynaud’s phenomenon. Curr Opin 
Rheumatol 1998; 10(6): 584-588. [PMID: 9812220]; [DOI: 
10.1097/00002281-199811000-00013]

358. Thompson AE, Pope JE. Calcium channel blockers for primary 
Raynaud’s phenomenon: a meta-analysis. Rheumatology 
2005; 44(2): 145-150. [PMID: 15546967]; [DOI: 10.1093/
rheumatology/keh390]

359. Baumhäkel M, Böhm M. Recent achievements in the management 
of Raynaud’s phenomenon. Vasc Health Risk Manage 2010; 6: 
207-214. [PMID: 20407628]; [DOI: 10.2147/vhrm.s5255]

360. Rirash F, Tingey PC, Harding SE, Maxwell LJ, Tanjong Ghogomu 
E, Wells GA, Tugwell P, Pope J. Calcium channel blockers 
for primary and secondary Raynaud’s phenomenon (Review). 
Cochrane Database Syst Rev 2017; 12(12): CD000467. [PMID: 
29237099]; [DOI: 10.1002/14651858.CD000467.pub2]

361. Pezzella N, Bouchot A, Bonhomme A, Pingret L, Klein C, 
Burlet H, Bonhomme P, Pinon JM. Involvement of calcium and 
calmodulin in Toxoplasma gondii tachyzoite invasion. Eur J Cell 
Biol 1997; 74(1): 92-101. [PMID: 9309395]

362. Tempone AG, Taniwaki NN, Reimao JQ. Antileishmanial activity 
and ultrastructural alterations of Leishmania (L.) chagasi treated 
with the calcium channel blocker nimodipine. Parasitol Res 2009; 
105(2): 499-505. [PMID: 19352709]; [DOI: 10.1007/s00436-009-
1427-8]

363. Prole DL, Taylor CW. Identification of intracellular and plasma 
membrane calcium channel homologues in pathogenic parasites. 
PLoS ONE 2011; 6(10): e26218. [PMID: 22022573]; [DOI: 
10.1371/journal.pone.0026218]

364. Pace DA, McKnight CA, Liu J, Jimenez V, Moreno SN. Calcium 
entry in Toxoplasma gondii and its enhancing effect of invasion-
linked traits. J Biol Chem 2014; 289(28): 19637-19647. [DOI 
10.1074/jbc.M114.565390]

365. Hortua Triana MA, Marquez-Nogueras KM, Vella SA, Moreno 
SN. Calcium signaling and the lytic cycle of the Apicomplexan 
parasite Toxoplasma gondii. Biochim Biophys Acta Mol Cell 
Res 2018; 1865 (11 Pt B): 1846-1856. [PMID: 30992126]; [DOI: 
10.1016/j.bbamcr.2018.08.004]

366. Márquez-Nogueras KM, Chasen NM, Hortua Triana MA, Kuo 
IY, Moreno SN. Calcium signaling through a transient receptor 
channel is important for Toxoplasma gondii growth. BioRxiv 
2020. [DOI: 10.1101/2020.10.09.332593]

367. Clarkson AB Jr, Amole BO. Role of calcium in trypanocidal drug 
action. Science 1982; 216(4552): 1321-1323. [DOI: 10.1126/
science.6805075]

368. Serrano-Martin X, Garcia-Marchan Y, Fernandez A, Rodriguez 
N, Rojas H, Visbal G, Benaim G. Amiodarone destabilizes 
intracellular Ca2+ homeostasis and biosynthesis of sterols in 
Leishmania mexicana. Antimicrob Agents Chemother 2009; 53(4): 
1403-1410. [PMID: 19164149]; [DOI: 10.1128/AAC.01215-08]

369. Reimao JQ, Scotti MT, Tempone AG. Anti-leishmanial and 
antitrypanosomal activities of 1,4-dihydropyridines: in vitro 
evaluation and structure-activity relationship study. Bioorg Med 
Chem 2010; 18(22): 8044-8053. [PMID: 20934347]; [DOI: 
10.1016/j.bmc.2010.09.015]

370. Scheibel LW, Colombani PM, Hess AD, Aikawa M, Atkinson CT, 
Milhous WK. Calcium and calmodulin antagonists inhibit human 
malaria parasites (Plasmodium falciparum): implications for drug 
design. Proc Natl Acad Sci USA 1987; 84(20): 7310-734. [PMID: 
3313391]; [DOI: 10.1073/pnas.84.20.7310]

371. Johnson SM, Murphy RC, Geiger JA, DeRocher AE, Zhang Z, 
Ojo KK, et al. Development of Toxoplasma gondii calcium-
dependent protein kinase 1 (TgCDPK1) inhibitors with potent 
anti-toxoplasma activity. J Med Chem 2012; 55(5): 2416-2426. 
[PMID: 22320388]; [DOI: 10.1021/jm201713h]

372. Das R, Roy A, Dutta N, Majumder HK. Reactive oxygen species 
and imbalance of calcium homeostasis contributes to curcumin 
induced programmed cell death in Leishmania donovani. 
Apoptosis 2008; 13(7): 867-882. [PMID: 18506627]; [DOI: 
10.1007/s10495-008-0224-7]

373. Cheraghipour K, Marzan A, Ezatpour B, Khanizadeh S, Koshki J. 
Antiparasitic properties of curcumin: A review. AIMS Agriculture 
Food 2018; 4(1): 1-18. [DOI:10.3934/agrfood.2019.1.1]

374. Azami SJ, Teimouri A, Keshavarz H, Amani A, Esmaeili F, 
Hasanpour H, Elikaee S, Salehiniya H, Shojaee S. Curcumin 
nanoemulsion as a novel chemical for the treatment of acute and 
chronic toxoplasmosis in mice. Int J Nanomed  2018: 13: 7363-
7374. [PMID: 30519020]; [DOI: 10.2147/IJN.S181896]

375. Shima E, Katsube M, Kato T, Kitagawa M, Hato F, Hino M, 
Takahashi T, Fujita H, Kitagawa S. Calcium channel blockers 
suppres scytokine-induced activation of human neutrophils. 
Am J Hypertens 2008; 21(1): 78-84. [PMID: 18091746]; [DOI: 
10.1038/ajh.2007.13]

376. Hattori Y, Kasai K, So S, Hattori S, Banba N, Shimoda S. Effects 
of calcium channel antagonists on the induction of nitric oxide 
synthase in cultured cells by immunostimulants. Life Sci 1995; 
57(20): 1833-1840. [PMID: 7475930]; [DOI: 10.1016/0024-
3205(95)02163-d]

377. Fisslthalter B, Hinsch N, Chataigneant T, Popp R, Kiss L, Busse 
R, Fleming I. Nifedipine increases cytochrome P4502C expression 
and endothelium-derived hyperpolarizing factor-mediated 
responses in coronary arteries. Hypertension 2000; 36(2): 270-
275. [PMID: 10948089]; [DOI: 10.1161/01.hyp.36.2.270]

378. Chou TC, Yang SP, Pei D. Amlodipine inhibits proinflammatory 
cytokines and free radical production and inducible nitric oxide 
synthase expression in lipopolysaccharide/interferon-gamma-



306

Prandota J. Raynaud’s phenomenon and latent Toxoplasma gondi  infection

stimulated cultured vascular smooth muscle cells. Jpn J Pharmacol 
2002; 89(2): 157-163. [PMID: 12120758]; [DOI: 10.1254/
jjp.89.157]

379. Wetzel DM, Chen LA, Ruiz FA, Moreno SN, Sibley LD. Calcium-
mediated protein secretion potentiates motility in Toxoplasma 
gondii. J Cell Sci 2004; 117(Pt 24): 5739-5748. [PMID: 
15507483]; [DOI: 10.1242/jcs.01495]

380. Arrizabalaga G, Boothroyd JC. Role of calcium during 
Toxoplasma gondii invasion and egress. Int J Parasitol 
2004; 34(3): 361-368. [PMID: 15003496]; [DOI: 10.1016/
j.ijpara.2003.11.017]

381. Coleman BI, Saha S, Sato S, Engelberg K, Ferguson DJ, Coppens 
I, Lodoen MB, Gubbels MJ. A member of the ferlin calcium 
sensor family is essential for Toxoplasma gondii rhoptry secretion. 
mBio 2018; 9(5): e01510-18. [DOI: 10.1128/mBio.01510-18]

382. Vella SA, Moore CA, Li ZH, Hortua Triana MA, Potapenko E, 
Moreno SN. The role of host calcium signaling in Toxoplasma 
gondii egress. BioRxiv 2020. [DOI: 10.1101/2020.03.06.980508v]

383. Docampo R, Moreno SN, Plattner H. Intracellular calcium 
channels in protozoa. Eur J Pharmacol 2014; 739: 4-18. [PMID: 
24291099]; [DOI: 10.1016/j.ejphar.2013.11.015]

384. Sinai AP, Webster P, Joiner KA. Association of host cell 
endoplasmic reticulum and mitochondria with the Toxoplasma 
gondii parasitophorous vacuole membrane: a high affinity 
interaction. J Cell Sci 1997; 110(Pt 17): 2117-2128. [PMID: 
9378762]

385. Song HO, Ahn MH, Ryu JS, Min DY, Joo KH, Lee YH. Influence 
of calcium ion on host cell invasion and intracellular replication 
by Toxoplasma gondii Korean J Parasitol 2004; 42(4): 185-193. 
[PMID: 15591836]; [DOI: 10.3347/kjp.2004.42.4.185]

386. Borges-Pereira L, Budu A, McKnight CA, Moore CA, Vella SA, 
Hortua Triana MA, Liu J, Garcia CR, Pace DA, Moreno SN. 
Calcium signaling throughout the Toxoplasma gondii lytic cycle: 
a study using genetically encoded calcium indicators. J Biol Chem 
2015; 290(45): 26914-26926. [PMID: 26374900]; [DOI: 10.1074/
jbc.M115.652511]

387. Moudy R, Manning TJ, Beckers CJ. The loss of cytoplasmic 
potassium upon host cell breakdown triggers egress of 
Toxoplasma gondii. J Biol Chem 2001; 276(44): 41492-41501. 
[PMID: 11526113]; [DOI: 10.1074/BBC.M106154200]

388. Endo T, Sethi KK, Piekarski G. Toxoplasma gondii: calcium 
ionophore A23187-mediated exit of trophozoites from infected 
murine macrophages. Exp Parasitol 1982; 53(2): 179-188. [PMID: 
6800836]; [DOI: 10.1016/0014-4894(82)90059-5]

389. Frenal K, Dubremetz JF, Lebrun M, Soldati-Favre D. Gliding 
motility powers invasion and egress in Apicomplexa. Nat Rev 
Microbiol 2017; 15(11): 645-660. [PMID: 28867819]; [DOI: 
10.1038/nrmicro.2017.86]

390. Jones-Brando L, Torrey EF, Yolken R. Drugs used in the treatment 
of schizophrenia and bipolar disorder inhibit the replication of 
Toxoplasma gondii. Schizophr Res 2003; 62(3): 237-244. [PMID: 
12837520]; [DOI: 10.1016/S0920-9964(02)00357-2]

391. Ito K, Nakazawa K, Koizumi S, Liu M, Takeuchi K, Hashimoto 
T, Ohno Y, Inoue K. Inhibition by antipsychotic drugs of L-type 
Ca2+ channel current in PC12 cells. Eur J Pharmacol 1996; 
314(1-2): 143-150. [PMID: 8957230]; [DOI: 10.1016/s0014-
2999(96)00500-6]

392. Wu SN, Jan CR, Li HF, Chiang HT. Characterization of inhibition 
by risperidone of the inwardly rectifying K(+) current in pituitary 
GH(3) cells. Neuropsychopharmacology 2000; 23(6): 676-689. 
[PMID: 11063923]; [DOI: 10.1016/S0893-133X(00)00151-2]

393. Carruthers VB, Moreno SNJ, Sibley LD. Ethanol and acetaldehyd 
elevate intracellular Ca2+ and stimulate microneme discharge in 
Toxoplasma gondii. Biochem J 1999; 342 (Pt 2): 379-386. [PMID: 
10455025]

394. Fond G, Macgregor A, Tamouza R, Hamdani N, Meary A, 
Leboyer M, Dubremetz JF. Comparative analysis of anti-

toxoplasmatic activity of antipsychotic drugs and valproate. Eur 
Arch Psychiatry Clin Neurosci 2014; 264(2): 179-183. [PMID: 
23771405]; [DOI: 10.1007/s00406-013-0413-4]

395. Kirchherr H, Kuhn-Velten WN. Quantitative determination of 
forty-eight antidepressants and antipsychotics in human serum 
by hplc tandem mass spectrometry: a multi-level, single-sample 
approach. J Chromatogr B Analyt Technol Biomed Life Sci 
2006; 843(1): 100-113. [PMID: 16798119]; [DOI 10.1016/
j.chromb.2006.05.031]

396. Sampedro MC, Unceta N, Gomez-Caballero A, Callado LF, 
Morentin B, Goicolea MA, Meana JJ, Barrio RJ. Screening and 
quantification of antipsychotic drugs in human brain tissue by 
liquid chromatography-tandem mass spectrometry: Application 
to postmortem diagnostics of forensic interest. Forensic Sci Int 
2012; 219(1-3): 172-178. [PMID: 22265463]; [DOI: 10.1016/
j.forsciint.2012.01.002]

397. Goodwin DG, Strobl JS, Lindsay DS. Evaluation of five 
antischizophrenic agents against Toxoplasma gondii in human 
cultures. J Parasitol 2011; 97(1): 148-151. [PMID: 21348624]; 
[DOI: 10.1645/GE-2536.1]

398. Murata Y, Sugi T, Weiss LM, Kato K. Identification of compounds 
that suppress Toxoplasma gondii tachyzoites and bradyzoites. 
PLoS ONE 2017: 12(6): e017803. [PMID: 28609444]; [DOI: 
10.1371/journal.pone.0178203]

399. Watts E, Zhao Y, Dhara A, Eller B, Patwardhan A, Sinai AP. 
Novel approaches reveal that Toxoplasma gondii bradyzoites 
within tissue cysts are dynamic and replicating entities in vivo. 
mBio 2015; 6(5): e01155-15. [PMID: 26350965]; [DOI: 10.1128/
mBio.01155-15]

400. Ramadan JW, Steiner SR, O’Neill CM, Nunemaker CS. The 
central role of calcium in the effects of cytokines on beta-cell 
function: implications for type 1 and type 2 diabetes. Cell Calcium 
2011; 50(6): 481-490. [PMID: 21944825]; [DOI: 10.1016/
j.ceca.2011.08.005]

401. Giovannini L, Panichi V, Migliori M, De Pietro S, Bertelli AA, 
Fulgenzi A, Filippi C, Sarnico I, Taccola D, Palla R, Bertelli A. 
1,25-dihydroxyvitamin D(3) dose-dependently inhibits LPS-
induced cytokines production in PBMC modulating intracellular 
calcium. Transplant Proc 2001; 33(3): 2366-2368. [PMID: 
11377561]; [DOI: 10.1016/s0041-1345(01)02023-1]

402. Cheung WY. Calmodulin plays a pivotal role in cellular 
regulation. Science 1980; 207(4426): 19-27. [PMID: 6243188]; 
[DOI: 10.1126/science.6243188]

403. Ranugha P, Betkerur JB. Antihypertensives in dermatology Part 
II - Cutaneous adverse reactions to antihypertensives. Indian 
J Dermatol Venereol Leprol 2018; 84(2): 137-147. [PMID: 
29405133]; [DOI: 10.4103/ijdvl.IJDVL_992_16]

404. Ioulios P, Charalampos M, Efrossini T. The spectrum of cutaneous 
reactions associated with calcium antagonists: A review of the 
literature and the possible etiopathogenic mechanisms. Dermatol 
Online J 2003; 9(5): 6. [PMID: 14996379]

405. Ioulios P, Kyriakis K. Calcium antagonists in dermatology: a 
review of the evidence and research-based studies. Dermatol 
Online J 2005; 11(2): 8. [PMID: 16150216]

406. Desai N, Alexis AF, DeLeo VA. Facial hyperpigmentation caused 
by diltiazem hydrochloride. Cutis 2010; 86(2): 82-84. [PMID: 
20919601]

407. Tuchinda P, Kulthanan K, Khankham S, Jongjarearnprasert 
K, Dhana N. Cutaneous adverse reactions to calcium channel 
blockers. Asian Pac J Allergy Immunol 2014; 32(3): 246-250. 
[PMID: 25268343]; [DOI: 10.12932/AP0380.32.3.2014]

408. Lobo Y, Holland T, Spelman L. Toxoplasmosis in a patient 
receiving ixekizumab for psoriasis. JAAD Case Rep 2020; 6(3): 
204-206. [PMID: 32149179]; [DOI: 10.1016/j.jdcr.2020.01.005]

409. Gisondi P, Vedove CD, Girolomoni G. Efficacy and safety of 
secukinumab in chronic plaque psoriasis and psoriatic arthritis 
therapy. Dermatol Ther (Heidelb) 2014; 4: 1-9. [DOI 10.1007/



307

Prandota J. Raynaud’s phenomenon and latent Toxoplasma gondi  infection

s13555-014-0042-5]
410. Laliberte J, Carruthers VB. Host cell manipulation by the human 

pathogen Toxoplasma gondii. Cell Mol Life Sci 2008; 65(12): 
1900-1915. [PMID: 18327664]; [DOI: 10.1007/s00018-008-
7556-x]

411. Blader IJ, Saeij JP. Communication between Toxoplasma gondii 
and its host: impact on parasite growth, development, immune 
evasion, and virulence. APMIS 2009; 117(5-6): 458-476. [PMID: 
28404792]; [DOI: 10.1111/j.1600-0463.2009.02453.x.]

412. Hakimi MA, Olias P, Sibley LD. Toxoplasma effectors targeting 
host signaling and transcription. Clin Microbiol Rev 2017; 30(3): 
615-645. [DOI: 10.1128/CMR.00005-17]

413. Gokcen C, Kutuk MO, Coskun S. Dose-dependent Raynaud’s 
phenomenon developing from use of atomoxetine in a girl. J Child 
Adolesc Psychoparmacol 2013; 23(6): 428-430. [DOI: 10.1089/
cap.2012.0131]

414. Yazici  IP,  Yazici  UY. Atomoxetine-induced Raynaud’s 
phenomenon: a case report (Abstract: 0361, p. 189). Psychiatry 
Clin Psychopharmacol2018; 28 (Suppl 1): 114-270. [DOI: 
10.1080/24750573.2018.1467600]

415. Gülle ZN, Karayagmurlu A, Coskun M. Raynaud's phenomenon 
related with atomoxetine treatment in a child with autism 
and attention-deficit/hyperactivity disorder. J Child Adolesc 
Psychopharmacol 2019; 29(8): 649-650. [PMID: 31264893]; 
[DOI: 10.1089/cap.2019.0025]

416. Bolte MA, Avery D. Case of fluoxetine-induced remission 
of Raynaud's phenomenon -a case report. Angiology 1993; 
44(2): 161-163. [DOI: 10.1177/000331979304400213] [PMID: 
8434812]

417. Coleiro B, Marshall SE, Denton CP, Howell K, Blann A, Welsh 
KI, Black CM. Treatment of Raynaud’s phenomenon with the 
selective serotonin reuptake inhibitor fluoxetine. Rheumatology 
(Oxford) 2001; 40(9): 1038-1043. [PMID: 11561116]; [DOI: 
10.1093/rheumatology/40.9.1038]

418. Güneş  S,  Ekinci  O,  Teke H,  Yı ldı r ım V.  Risper idone 
related Raynaud’s phenomenon: an adolescent case. Clin 
Psychopharmacol Neurosci 2018; 16(1): 118-121. [DOI: 10.9758/
cpn.2018.16.1.118]

419. Taner HA, Sari BA. Atomoxetine associated red ear: A case report 
Turkish J Clin Psychiatry 2020; 23: 232-235. [DOI: 10.5505/
kpd.2020.49932]

420. Willcutt EG. The prevalence of DSM-IV attention-deficit/
hyperactivity disorder: a meta-analytic review. Neurotherapeutics 
2012; 9(3): 490-499. [PMID: 22976615]; [DOI: 10.1007/s13311-
012-0135-8]

421. Biederman J, Petty CR, Evans M, Small J, Faraone S V. How 
persistent is ADHD? A controlled 10-year follow-up study of 
boys with ADHD. Psychiatry Res 2010; 177(3): 299-304. [PMID: 
20452063]; [DOI: 10.1016/j.psychres.2009.12.010]

422. Fayyad J, De Graaf R, Kessler R, Alonso J, Angermeyer M, 
Demyttenaere K, De Girolamo G, Haro JM, Karam EG, Lara 
C, Lepine JP, Ormel J, Posada-Villa J, Zaslavsky AM, Jin R. 
Cross-national prevalence and correlates of adult attention-deficit 
hyperactivity disorder. Br J Psychiatry 2007; 190: 402-409. 
[PMID: 17470954]; [DOI: 10.1192/bjp.bp.106.034389]

423. Kratochvil CJ, Newcorn JH, Arnold LE, Duesenberg D, Emslie 
GJ, Quintana H, Sarkis EH, Wagner KD, Gao H, Michelson D, 
Biedermann J. Atomoxetine alone or combined with fluoxetine for 
treating ADHD with comorbid depressive or anxiety symptoms. 
Am Acad Child Adolesc Psychiatry 2005; 44(9): 915-924. [PMID: 
16113620]; [DOI: 10.1097/01.chi.0000169012.81536.38]

424. Hammerness P, McCarthy K, Mancuso E, Gendron C, Geller D. 
Atomoxetine for the treatment of attention-deficit/hyperactivity 
disorder in children and adolescents: a review. Neuropsychiatric 
Dis Treat 2009; 5(1): 215-226. [PMID: 19557116]; [DOI: 
10.2147/ndt.s3896]

425. Patra S, Nebhinani N, Viswanathan A, Kirubakaran R. 

Atomoxetine for attention deficit hyperactivity disorder in children 
and adolescents with autism: a systematic review and meta-
analysis. Autism Res 2019; 12(4): 542-552. [PMID: 30653855]; 
[DOI: 10.1002/aur.2059]

426. Obregon D, Parker-Athill EC, Tan J, Murphy T. Psychotropic 
effec ts  of  ant imicrobia ls  and immune modula t ion by 
psychotropics: implications for neuroimmune disorders. 
Neuropsychiatry (London) 2012; 2(4): 331-343. [PMID: 
23148142]; [DOI: 10.2217/npy.12.41]

427. O’Sullivan JB, Ryan KM, Curtin NM, Harkin A, Connor TJ. 
Noradrenaline reuptake inhibitors limit neuroinflammation 
in rat cortex following a systemic inflammatory challenge: 
implications for depression and neurodegeneration. Int J 
Neuropsychopharmacol 2009; 12: 687-699. [PMID: 19046481]; 
[DOI: 10.1017/S146114570800967X]

428. O’Sullivan JB, Ryan KM, Harkin A, Connor TJ. Noradrenaline 
reuptake inhibitors inhibit expression of chemokines IP-10 and 
RANTES and cell adhesion molecules VCAM-1 and ICAM-
1 in the CNS following a systemic inflammatory challenge. J 
Neuroimmunol 2010; 220(1-2): 34-42. [PMID: 20061033]; [DOI: 
10.1016/j.jneuroim.2009.12.007]

429. Goodman and Gilman’s The Pharmacological Basis of 
Therapeutics, 8th ed. A Goodman Gilman, TW Rall, AS Nies, P 
Taylor, eds. Pergamon Press, New York 1990, p.1681. ISBN 0-08-
040296-8

430. P rando ta  J .  Fundamenta l s  o f  Pha rmacogene t i c s  and 
Pharmacogenomics in Clinical Practice. How to Treat More 
Effectively and Safely. Urban & Partner, Wroclaw 2003. [ISSN 
83-87944-69-6]

431. Todor I, Popa A, Neag M, Muntean D, Bocsan C, Buzoianu 
A, Vlase L, Gheldiu AM, Chira R, Briciu C. The influence of 
paroxetine on the pharmacokinetics of atomoxetine and its main 
metabolite. Clujul Medical 2015; 88(4): 513-520. [DOI: 10.15386/
cjmed-488]

432. Pereira CA, Ferreira NS, Mestriner FL, Antunes-Rodrigues J, 
Evora PR, Resstel LB, Carneiro FS, Tostes FC. Chronic fluoxetine 
treatment increases NO bioavailability and calcium-sensitive 
potassium channels activation in rat mesenteric resistance arteries. 
Europ J Pharmacol 2015; 765: 375-383. [PMID: 26362752]; 
[DOI: 10.1016/j.ejphar.2015.09.002]

433. Osimo EF, Pillinger T, Rodriguez IM, Khandaker GM, Pariante 
CM, Howes OD. Inflammatory markers in depression: A meta-
analysis of mean differences and variability in 5,166 patients and 
5,083 controls. Brain Behav Immun 2020; 87: 901-909. [PMID: 
32113908]; [DOI: 10.1016/j.bbi.2020.02.010]

434. Ondicova K, Tillinger A, Pecenak J, Mravec B. The vagus nerve 
role in antidepressants action: Efferent vagal pathways participate 
in peripheral anti-inflammatory effect of fluoxetine. Neurochem 
Int 2019; 125: 47-56. [PMID: 30738079]; [DOI: 10.1016/
j.neuint.2019.02.003]

435. Song C, Halbreich U, Han C, Leonard BE, Luo H. Imbalance 
between pro- and anti-inflammatory cytokines, and between 
Th1 and Th2 cytokines in depressed patients: the effect of 
electroacupuncture or fluoxetine treatment. Pharmacopsychiatry 
2009; 42(5): 182-188. [PMID: 19724980]; [DOI: 10.1055/s-0029-
1202263]

436. Amitai M, Taler M, Carmel M, Michaelovsky E, Eilat T, 
Yablonski M, Orpaz N, Chen A, Apter A, Weizman A, Fennig S. 
The relationship between plasma cytokine levels and response 
to selective serotonin reuptake inhibitor treatment in children 
and adolescents with depression and/or anxiety disorders. J 
Child Adolesc Psychopharmacol 2016; 26(8): 727-732. [PMID: 
26771135]; [DOI: 10.1089/cap.2015.0147]

437. Pérez-Sánchez G, Becerril-Villanueva E, Arreola R, Martínez-
Levy G, Hernández-Gutiérrez ME, Velasco-Velásquez MA, 
Alvarez-Herrera S, Cruz-Fuentes C, Palacios L, de la Pena F, 
Pavon L. Inflammatory profiles in depressed adolescents treated 



308

Prandota J. Raynaud’s phenomenon and latent Toxoplasma gondi  infection

with fluoxetine: an 8-week follow-up open study. Mediators 
Inflamm 2018; art. ID 4074051. [PMID: 30662368]; [DOI: 
10.1155/2018/4074051]

438. Antonioli M, Rybka J, Carvalho LA. Neuroimmune endocrine 
effects of antidepressants. Neuropsychiatr Dis Treat 2012; 8: 65-
83. [PMID: 22347798]; [DOI: 10.2147/NDT.S16409]

439. Roberts CW, Ferguson DJ, Jebbari H, Satoskar A, Bluethmann H, 
Alexander J. Different roles for interleukin-4 during the course of 
Toxoplasma gondii infection. Infect Immun 1996; 64(3): 897-904. 
[PMID: 8641798]

440. Ha E, Yung KH, Choe BK, Bae JH, Shin DH, Yim SV, Baik 
HH. Fluoxetine increases the nitric oxide production via nuclear 
factor kappa B-mediated pathway in BV2 murine microglial 
cells. Neurosci Lett 2006; 397(3): 185-189. [DOI: 10.1016/
j.neulet.2005.12.022]

441. Stone TW, Darlington LG. Endogenous kynurenines as targets 
for drug discovery and development. Nat Rev Drug Discov 2002; 
1(8): 609-620. [PMID: 12402501]; [DOI: 10.1038/nrd870]

442. Eskelund A, Li Y, Budac DP, Müller HK, Gulinello M, Sanchez C, 
Wegener G. Drugs with antidepressant properties affect tryptophan 
metabolites differently in rodent models with depression-
like behavior. J Neurochem 2017; 142(1): 118-131. [PMID: 
28407315]; [DOI: 10.1111/jnc.14043]

443. L a  To r r e  D ,  F a l o r n i  A .  P h a r m a c o l o g i c a l  c a u s e s  o f 
hyperprolactinemia. Ther Clin Risk Manag 2007; 3(5): 929-951. 
[PMID: 18473017]

444. Mondal S, Saha I, Das S, Ganguly A, Das D, Tripathi SK. A new 
logical insight and putative mechanism behind fluoxetine-induced 
amenorrhea, hyperprolactinemia and galactorrhea in a case 
series. Ther Adv Psychopharmacol 2013; 3(6): 322-334. [PMID: 
24294485]; [DOI: 10.1177/045125313490305]

445. Dzitko K, Gatkowska J, Plocinski P, Dziadek B, Dlugonska H. 
The effect of prolactin (PRL) on the growth of Toxoplasma gondii 
tachyzoites in vitro. Parasitol Res 2010; 107: 199-204. [DOI: 
10.1007/s00436-010-1849-3]

446. Kenis G, Maes M. Effects of antidepressants on the production 
of cytokines. Int J Neuropsychopharmacol 2002; 5(4): 401-412. 
[PMID: 12466038]; [DOI: 10.1017/S1461145702003164]

447. Hannestad J, DellaGioia N, Bloch M. The effect of antidepressant 
medication treatment on serum levels of inflammatory cytokines: 
A meta-analysis. Neuropsychopharmacology 2011; 36: 2452-
2459. [DOI: 10.1038/npp.2011.132]

448. McNally L, Bhagwagar Z, Hannestad J.  Inflammation, 
glutamate, and glia in depression: a literature review. CNS Spectr 
2008; 13(6): 501-510. [PMID: 18567974]; [DOI: 10.1017/
s1092852900016734]

449. Bonanno G, Giambelli R, Raiteri L. Chronic antidepressants 
reduce depolarization-evoked glutamate release and protein 
interactions favoring formation of SNARE complex in 
hippocampus. J Neurosci 2005; 25(13): 3270-3279. [PMID: 
15800181]; [DOI: 10.1523/JNEUROSCI.5033-04,2005]

450. Musazzi L, Milanese M, Farisello P, Zappettini S, Tardito D, 
Barbiero VS Bonifacino T, Mallei A, Baldelli P, Racagni G, Raiteri 
M, Benfenati F, Bonanno G, Popoli M. Acute stress increases 
depolarization-evoked glutamate release in the rat prefrontal/
frontal cortex: the dampening action of antidepressants. PLoS 
ONE 2010; 5(1): e8566. [PMID: 20052403]; [DOI: 10.1371/
journal.pone.0008566]

451. Park DI, Dournes C, Sillaber I, Ising M, Asara JM, Webhofer 
C, Filiou MD, Müller MB, Turck CW. Delineation of molecular 
pathway activities of the chronic antidepressant treatment 
response suggests important roles for glutamatergic and ubiquitin-
proteasome systems. Transl Psychiatry 2017; 7: e1078. [DOI: 
10.1038/tp.2017.39]

452. Ozkan Y, Sapmaz SY, Sen S, Ozturk M, Kandemir H. Treatment-
resistant depression that recovered after Toxoplasma gondii 
treatment: A case report. Psychiatry Behav Sci 2020; 10(4): 207-

209. [DOI: 10.5455/PBS.20200628055329]
453. Fagard R, Van Tan H, Creuzet C, Pelloux H. Differential 

development of Toxoplasma gondii in neural cells. Parasitol Today 
1999; 15(12): 504-507. [PMID: 10557153]; [DOI: 10.1016/s0169-
4758(99)01568-9]

454. Stibbs HH. Changes in brain concentrations of catecholamines 
and indoleamines in Toxoplasma gondii infected mice. Ann Trop 
Med Parasitol 1985; 79(2): 153-157. [PMID: 2420295]; [DOI: 
10.1080/00034983.1985.11811902]

455. 455. Silva NM, Rodrigues CV, Santoro MM, Reis LFL, 
Alvarez-Leite JI, Gazzinelli RT. Expression of indoleamine 
2,3-dioxygenase, tryptophan degradation and kynurenine 
formation during in vivo infection with Toxoplasma gondii: 
induction of endogenous gamma interferon and requirement of 
interferon regulatory factor 1. Infect Immun 2002; 70(2): 859-868. 
[PMID: 11796621]; [DOI: 10.1128/iai.70.2.859-868.2002]

456. Pollak Y, Yirmiya R. Cytokine-induced changes in mood and 
behavior: implications for depression due to a general medical 
condition, immunotherapy and antidepressive treatment. Int J 
Neuropsychopharmacol 2002; 5(4): 389-399. [PMID: 12466037]; 
[DOI: 10.1017/S1461145702003152]

457. Dunn AJ, Swiergiel AH, de Beaurepaire R. Cytokines as mediators 
of depression: what can we learn from animal studies? Neurosci 
Biobehav Rev 2005; 29(4-5): 891-909. [PMID: 15885777]; [DOI: 
10.1016/j.neubiorev.2005.03.023]

458. O'Brien SM, Scully P, Fitzgerald P, Scott LV, Dinan TG. Plasma 
cytokine profiles in depressed patients who fail to respond to 
selective serotonin reuptake inhibitor therapy. J Psychiatr Res 
2007; 41(3-4): 326-331. [PMID: 16870211]; [DOI: 10.1016/
j.jpsychires.2006.05.013]

459. Frommberger UH, Bauer J, Haselbauer P, Fraulin A, Reimann 
D, Berger M. Interleukin-6-(IL-6) plasma levels in depression 
and schizophrenia: comparison between the acute state and after 
remission. Eur Arch Psych Clin Neurosci 1997; 247(4): 228-233. 
[DOI: 10.1007/BF02900219]

460. Howren MB, Lamkin DM, Suls J. Associations of depression with 
C-reactive protein, IL-1, and IL-6: a meta-analysis. Psychosom 
Med 2009; 71(2): 171-186. [PMID: 19188531]; [DOI: 10.1097/
PSY0b013e3181907c1b]

461. Yoshimura R, Kishi T, Iwata N. Plasma levels of IL-6 in patients 
with untreated major depressive disorder: comparison with 
catecholamine metabolites. Neuropsychiatric Dis Treat 2019: 15: 
2655-2661. [PMID: 31686824]; [DOI: 10.2147/NDT.S195379]

462. Basterzi AD, Aydemir C, Kisa C, Aksaray S, Tuzer V, Yazici K, 
Göka E. IL-6 levels decrease with SSRI treatment in patients with 
major depression. Hum Psychopharmacol 2005; 20(7): 473-476. 
[PMID: 16158446]; [DOI: 10.1002/hup.717]

463. Khandaker GM, Zammit S, Burgess S, Lewis G, Jones PB. 
Association between a functional interleukin 6 receptor genetic 
variant and risk of depression and psychosis in a population-
based birth cohort. Brain Behav Immun 2018; 69: 264-272. [DOI: 
10.1016/j.bbi.2017.11.020]

464. Kim BN, Lee CB, Hwang JW, Shin MS, Cho SC. Effectiveness 
and safety of risperidone for children and adolescents with 
chronic tic or Tourette disorders in Korea. J Child Adolesc 
Psychopharmacol 2005; 15(2): 318-324. [PMID: 15910216]; 
[DOI: 10.1089/cap.2005.15.318]

465. Marder SR, Meibach RC. Risperidone in the treatment of 
schizophrenia. Am J Psychiatry 1994; 151(6): 825-835. [PMID: 
7514366]; [DOI: 10.1176/ajp.151.6.825]

466. Farde L, Nyberg S, Oxenstierna G, Nakashima Y, Halldin C, 
Ericsson B. Positron emission tomography studies on D2 and 
5-HT2 receptor binding in risperidone-treated schizophrenic 
patients. J Clin Psychopharmacol 1995; 15(1 Suppl 1): 19S-23S. 
[PMID: 7537284]; [DOI: 10.1097/00004714-199502001-00004]

467. Fond G, Boyer L, Schürhoff F, Berna F, Godin O, Bulzacka 
E, Andrianarisoa M, Brunel L, Aouizerate B, Capdevielle D, 



309

Prandota J. Raynaud’s phenomenon and latent Toxoplasma gondi  infection

Chereau I, Coulon N, D’Amato T, Dubertret C, Dubreucq J, Faget 
C, Lancon C, Leignier S, Mallet J, Misdrahi D, Passerieux C, Rey 
R, Schandrin A, Urbach M, Vidailhet P, Llorca PM, Leboyer M. 
Latent Toxoplasma infection in real-world schizophrenia: results 
from the national FACE-SZ cohort. Schizophr Res 2018; 201: 373-
380. [PMID: 29843964]; [DOI: 10.1016/j.schres.2018.05.007]

468. Aboul-Fotouh S, Elgayar N. Atypical antipsychotics such as 
risperidone, but not paliperidone, worsen vascular endothelial 
function via upregulation of adhesion molecules VCAM-1, 
ICAM-1, and E-selectin in diabetic rats. Can J Physiol Pharmacol 
2013; 91(12): 1119-1126. [PMID: 24289084]; [DOI: 10.1139/
cjpp-2013-0185]

469. Prandota J. T. gondii infection acquired during pregnancy and/
or after birth may be responsible for development of both type 
1 and 2 diabetes mellitus. J Diabetes Metab 2013; 4: 2. [DOI: 
10.4172/2155-6156.1000241]

470. Laugeray A, Launay JM, Callebert J, Mutlu O, Guillemin 
GJ, Belzung C, Barone PR. Chronic treatment with the IDO1 
inhibitor 1-methyl-D-tryptophan minimizes the behavioural and 
biochemical abnormalities induced by unpredictable chronic mild 
stress in mice - comparison with fluoxetine. PLoS ONE 2016; 
11(11): e0164337. [DOI: 10.1371/journal.pone.0164337]

471. Dantzer R, O'Connor JC, Lawson MA, Kelley KW. Inflammation-
associated depression:  f rom serotonin to  kynurenine. 
sychoneuroendocrinology 2011; 36: 426-436. [PMID: 21041030]; 
[DOI: 10.1016/j.psyneuen.2010.09.012]

472. Myint AM. Kynurenines: from the perspective of major 
psychiatric disorders. FEBS J 2012; 279: 1375-1385. [PMID: 
22404766]; [DOI: 10.1111/j.1742-4658.2012.08551.x]

473. Schwarcz R, Bruno JP, Muchowski PJ, Wu HQ. Kynurenines in 
the mammalian brain: when physiology meets pathology. Nat Rev 
Neurosci 2012; 13: 465-477. [PMID: 22678511]; [DOI: 10.1038/
nrn3257]

474. Fujigaki S, Saito K, Takemura M, Maekawa N, Yamada Y, Wada 
H, Seishima M. L-tryptophan-L-kynurenine pathway metabolism 
accelerated by Toxoplasma gondii infection is abolished in 
gamma-interferon-gene-deficient mice: Cross-regulation between 
inducible nitric oxide synthase and indoleamine 2,3-dioxygenase. 
Infect Immun 2002; 70: 779-786. [PMID: 11796611]; [DOI: 
10.1128/IAI.70.2.779-786.2002]

475. Taylor MW, Feng G. Relationship between interferon-γ, 
indoleamine 2,3-dioxygenase, and tryptophan catabolism. FASEB 
J 1991; 5(11): 2516-2522. [PMID: 1907934]

476. Thomas SR, Mohr D, Stocker R. Nitric oxide inhibits indoleamine 
2,3-dioxygenase activity in interferon-γ primed mononuclear 
phagocytes. J Biol Chem 1994; 269(20): 14457-14464. [PMID: 
7514170]

477. Heyes MP, Saito K, Markey SP. Human macrophages convert 
L-tryptophan into the neurotoxin quinolinic acid. Biochem J 1992; 
283: 633-635. [PMID: 1534219]; [DOI: 10.1042/bj2830633] [

478. Werner ER, Werner-Felmayer G, Fuchs D, Hausen A, Reibnegger 
G, Wachter H. Parallel induction of tetrahydrobiopterin 
biosynthesis and indoleamine 2,3-dioxygenase activity in human 
cells and cell lines by interferon-γ. Biochem J 1989; 262(3): 861-
866. [PMID: 2511835]; [DOI: 10.1042/bj2620861]

479. Frumento G, Rotondo R, Tonetti M, Damonte G, Benatti U, 
Ferrara GB. Tryptophan-derived catabolites are responsible for 
inhibition of T and natural killer cell proliferation induced by 
indoleamine 2,3-dioxygenase. J Exp Med 2002; 196(4): 459-468. 
[PMID: 12186838]; [DOI: 10.1084/jem.20020121]

480. Forrest CM, Mackay GM, Stoy N, Egerton M, Christofides J, 
Stone TW, Darlington LG. Tryptophan loading induces oxydative 
stress. Free Radic Res 2004; 38(11): 1167-1171. [PMID: 
15621693]; [DOI: 10.1080/10715760400011437]

481. Notarangelo FM, Wilson EH, Horning KJ, Thomas MA, Harris 
TH, Fang Q, Hunter CA, Schwarch R. Evaluation of kynurenine 
pathway metabolism in Toxoplasma gondii-infected mice: 

implications for schizophrenia. Schizophr Res 2014; 152(1): 261-
267. [PMID: 24345671]; [DOI: 10.1016/j.schres.2013.11.011]

482. Vecsei L, Szalardy L, Fulop F, Toldi J. Kynurenines in the CNS: 
recent advances and new questions. Nat Rev Drug Discov 2013; 
12 (1): 64-82. [PMID: 23237916]; [DOI: 10.1038/nrd3793]

483. Mandi Y, Vecsei L. The kynurenine system and immunoregulation. 
J Neural Transm (Vienna) 2012; 119 (2): 197-209. [PMID: 
21744051]; [DOI: 10.1007/s00702-011-0681-y]

484. Flegr J, Horácek J. Negative effects of latent toxoplasmosis 
on mental health. Front Psychiatry 2020; 10: 1012. [PMID: 
32132937]; [DOI: 10.3389/fpsyt.2019.01012]

485. Akaltun I, Kara T, Ayaydın H, Alyanak B, Beka H, Agacfidan 
A. The relation between serum Toxoplasma gondii IgG 
antibody in children and ADHD and its severity. Psychiatry 
Cl in  Psychopharmaco l  2019 ;  29(3) :  326-331 .  [DOI : 
10.1080/24750573.2018.1449184]

486. Carter CJ. Schizophrenia susceptibility genes directly implicated 
in the life cycles of pathogens: cytomegalovirus, influenza, Herpes 
simplex, Rubella, and Toxoplasma gondii. Schizophrenia Bull 
2009; 35(6): 1163-1182. [DOI: doi:10.1093/schbul/sbn054]

487. Akaltun İ, Kara SS, Kara T. The relationship between Toxoplasma 
gondii IgG antibodies and generalized anxiety disorder and 
obsessive-compulsive disorder in children and adolescents: a 
new approach. Nord J Psychiatr 2018; 72(1): 57-62. [PMID: 
28990850]; [DOI: 10.1080/08039488.2017.1385850]

488. Miman Ö, Özcan Ö, Ünal S, Atambay M. Toxoplasma gondii 
- obsessive-- compulsive disorder relationship: is it different 
in children?. Nord JPsychiatry 2018; 72(7): 501-505. [PMID: 
30383476]; [DOI: 10.1080/08039488.2018.1514421]

489. Henriquez SA, Brett R, Alexander J, Pratt J, Roberts CW. 
Neuropsychiatric disease and Toxoplasma gondii infection. 
Neuroimmunomodulation 2009; 16(2): 122-133. [PMID: 
19212132]; [DOI: 10.1159/000180267]

490. Torrey EF, Bartko JJ, Lun ZR, Yolken RH. Antibodies to 
Toxoplasma gondii in patients with schizophrenia: a meta-
analysis. Schizophr Bull 2007; 33(3): 729-736. PMID: 17085743]; 
[DOI: 10.1093/schbul/sbl050] 

491. Matalka KZ. Prolactin enhances production of interferon-gamma, 
interleukin-12, and interleukin-10, but not of tumor necrosis 
factor-alpha, in a stimulus-specific manner. Cytokine 2003; 21(4): 
187-194. [PMID: 12788307]

492. Schlüter D, Kwok LY, Lütjen S, Soltek S, Hoffmann S, Körner H, 
Deckert M. Both lymphotoxin-α and TNF are crucial for control 
of Toxoplasma gondii in the central nervous system. J Immunol 
2003; 170(12): 6172-6182. [PMID: 12794148]; [DOI: 10.4049/
jimmunol.170.12.6172]

493. Schlüter D, Barragan A. Advances and challenges in understanding 
cerebral toxoplasmosis. Front Immunol 2019; 10: 242. [DOI: 
10.3389/fimmu.2019.00242]

494. Dzitko K, Ławnicka H, Gatkowska J, Dziadek B, Komorowski 
J, Dugońska H. Inhibitory effect of prolactin on Toxoplasma 
proliferation in peripheral blood mononuclear cells from patients 
with hyperprolactinemia. Parasite Immunol 2012; 34(6): 302-311. 
[PMID: 22364553;] [DOI: 10.1111/j.1365-3024.2012.01359.x]

495. Dzitko K, Dziadek B, Gatkowska J, Dlugonska H. Toxoplasma 
gondii binds sheep prolactin. Exp Parasitol 2013; 134(2): 216-
219. [PMID: 23499881]; [DOI: 10.1016/j.exppara.2013.02.010]

496. Dzitko K, Malicki S, Komorowski J. Effect of hyperprolactinemia 
on Toxoplasma gondii prevalence in humans. Parasitol Res 2008; 
102(4): 723-729. [PMID: 18092180]; [DOI: 10.1007/s00436-007-
0824-0]

497. Mohammadpour A, Keshavarz H, Mohebali M, Salimi M, 
Teimouri A, Shojaee S. The relation of serum prolactin levels and 
Toxoplasma infection in humans. Int J General Med 2019: 12: 
7-12. [PMID: 30588064]; [DOI: 10.2147/UGM.S188525]

498. Molitch ME. Medication-induced hyperprolactinemia. Mayo 
Clin Proc 2005; 80(8): 1050-1057. [PMID: 16092584]; [DOI: 



310

Prandota J. Raynaud’s phenomenon and latent Toxoplasma gondi  infection

10.4065/80.8.1050]
499. Ajmal A, Joffe H, Nachtigall LB. Psychotropic-induced 

hyperprolactinemia: a clinical review. Psychosomatics 
2014; 55(1): 29-36. [PMID: 24140188]; [DOI: 10.1016/
j.psym.2013.08.008]

500. Perkins DO. Antipsychotic-induced hyperprolactinemia: 
pathophysiology and clinical consequences. Adv Stud Med 2004; 
4(10F): S982-S986.

501. Harun MS; Marsh V, Elsaied NA, Webb KF, Elsheikha HM. 
Effects of Toxoplasma gondii infection on the function and 
integrity of human cerebrovascular endothelial cells and the 
influence of verapamil treatment in vitro. Brain Res 2020; 1746. 
[DOI: 10.1016/j.brainres.2020.147002]

502. Leucht S, Burkard T, Henderson J, Maj M, Sartorius N. Physical 
illness and schizophrenia: a review of the literature. Acta 
Psychiatr Scand 2007: 116: 317-333. [DOI: 10.1111/j.1600-
0447.2007.01095.x]

503. Windgassen KW, Wesselmann U, Schulze Mönking H. 
Galactorrhea and hyperprolactinemia in schizophrenic patients on 
neuroleptics: frequency and etiology. Neuropsychobiology 1996; 
33(3): 142-146. [PMID: 8776743]; [DOI: 10.1159/000119265]

504. Perkins DO. Prolactin- and endocrine-related disorders in 
schizophrenia. In: Meyer JM, Nasrallah HA (eds.) Medical Illness 
and Schizophrenia. Washington, DC: American Psychiatric 
Publishing Inc, 2003: pp. 215-232.

505. Shiadeh MN, Niyyati M, Fallahi  S, Rostami A. Human parasitic 
protozoan infection to infertility: a systematic review. Parasitol 
Res 2016; 115(2): 469-477. [PMID: 26573517]; [DOI 10.1007/
s00436-015-4827-y]

506. Khadhim NA, Al-Khafaji QAM, Hussein MS. Serum vitamin D 
and TNF-α in Iraqi infertile women with positive IgG Toxoplasma 
gondii: Is there a correlation between infertility and vitamin D 
deficiency ?. J Global Pharma Technol 2019; 11(9) (Suppl): 414-
421.

507. Assavapongpaiboon B, Salehian B. Intrasellar parasitic infection: 
finding the culprit - how to get the right diagnosis. Int J Clin 
Endocrinol Metab 2017; 3(1): 008-015. [DOI: 10.17352.ijcem]

508. Romijn JA. Hyperprolactinemia and prolactinoma. In: Clinical 
Neuroendocrinology, Fliers E, Korbonits M, Romijn JA (eds.) 
Handbook of Clinical Neurology 2014, Vol. 124 (3rd series), 
Chapter 13, pp. 185-195. Elsevier B.V., Edinburgh [ISBN: 
9780444596024]

509. Elsheikha HM, Busselberg D, Zhu XQ. The known and missing 
links between Toxoplasma gondii and schizophrenia. Metab Brain 
Dis 2016; 31: 749-759. [DOI: 10.1007/s11011-016-9822-1]

510. Liu Y, Zhang Z, Jin Q, Liu Y, Kang Z, Huo Y, He Z, Feng X, 
Yin J, Wu X, Wang H, Xu H. Hyperprolactinemia is associated 
with a high prevalence of serum autoantibodies, high levels of 
inflammatory cytokines and an abnormal distribution of peripheral 
B-cell subsets. Endocrine 2019; 64: 648-656. [DOI: 10.1007/
s12020-019-01896-y]

511. Verbeelen D, Vanhaelst L, Fuss M, Van Steirteghem AC. Effect 
of 1,25-dihydroxyvitamin D3 and nifedipine on prolactin release 
in normal man. J Endocrinol Invest 1985; 8: 103-106. [PMID: 
3928730]

512. Ghaffarifar F, Pour MA, Sharifi Z, Asl AD, Al-Kawaz E.The effect 
of vitamin D3 alone and mixed with IFN-γ on tachyzoites of 
Toxoplasma gondii (RH strain) proliferation and nitric oxide (NO) 
production in infected macrophages of BALB/C mice. Iranian J 
Parasitol 2010; 5: 48-56. [PMID: 22347255]

513. Rajapakse R, Lambert B, Andarawewa KL, Rajapakse RP, Abu-
Bacar A, Marcelin L, Candolfi E. 1,25(OH)2D3 inhibits in 
vitro and in vivo intracellular growth of apicomplexan parasite 
Toxoplasma. J Steroid Biochem Mol Biol 2007; 103(3-5): 811-
814. [PMID: 17270431]; [DOI: 10.1016/j.jsbmb.2006.12.058]

514. Rajapakse R, Mousli M, Pfaff AW, Uring-Lambert B, Marcellin 
I, Bronner C, Jeanblanc M, Villard O, Letscher-Bru V, Klein 

JP, Candolfi E. 1,25-Dihydroxyvitamin D3 induces splenocyte 
apoptosis and enhances BALB/c mice sensitivity to toxoplasmosis. 
J Steroid Biochem Mol Biol 2005; 96(2): 179-185. [PMID: 
15939587]; [DOI: 10.1016/j.jsbmb.2005.03.002]

515. Xavier RM, Yamauchi Y, Nakamura M, Tanigawa Y, Ishikura H, 
Tsunematsu T, Kobayashi S. Antinuclear antibodies in healthy 
aging people: a prospective study. Mech Ageing Dev 1995; 78 (2): 
145-154. [PMID: 7596195]; [DOI: 10.1016/0047-6374(94)01532-
q]

516. Hilário MO, Len CA, Roja SC, Terreri MT, Almeida G, Andrade 
LE. Frequency of antinuclear antibodies in healthy children and 
adolescents. Clin Pediatr (Phila) 2004; 43 (7): 637-642. [PMID: 
15378151]; [DOI: 10.1177/00099280404300709]

517. Marin GG, Cardiel MH, Cornejo H, Viveros ME. Prevalence 
of antinuclear antibodies in 3 groups of healthy individuals: 
blood donors, hospital personnel, and relatives of patients with 
autoimmune diseases. J Clin Rheumatol 2009; 15(7): 325-329. 
[PMID: 20009966]; [DOI: 10.1097/RHU.0bo13e3181bb971b]

518. Pisetsky DS. Antinuclear antibodies in healthy people: the tip of 
autoimmunity’s iceberg?. Arthritis Res Ther 2011; 13: 109. [DOI: 
10.1186/ar3282]

519. Guo YP, Wang CG, Liu X, Huang YQ, Guo DL, Jing XZ, 
Yuan CG, Yang S, Liu JM, Han MS, Li HX. The prevalence 
of antinuclear antibodies in the general population of China: a 
cross-sectional study. Curr Ther Res Clin Exp 2014; 76: 116-119. 
[PMID: 25473438]; [DOI: 10.1016/j.curtheres.2014.06.004]

520. Slight-Webb S, Lu R, Ritterhouse LL, Munroe ME, Maecker 
HT, Fathman CG, Utz PJ, Merrill JT, Guthridge JM, James JA. 
Autoantibody-positive healthy individuals display unique immune 
profiles that may regulate autoimmunity. Arthritis Rheumatol 
2016; 68(10): 2492-2502. [PMID: 27059145]; [DOI: 10.1002/
art.39706]

521. Grygiel-Górniak B, Rogacka N, Puszczewicz M. Antinuclear 
antibodies in healthy people and non-rheumatic diseases - 
diagnostic and clinical implications. Reumatologia 2018; 56(4): 
243-248. [PMID: 30237629]; [DOI: 10.5114/reum.2018.77976]

522. Katz I, De Luca F, Dzudzor B, Sarpong BK, Osei-Appiah, 
Azoulay D, Katz D, Dey D, Gilburd D, Amital H, Vento S, 
Shoenfeld Y, Showman O. Seroprevalences of autoantibodies and 
anti-infectious antibodies among Ghana’s healthy population. Sci 
Rep 2020; 10: 2814. [PMID: 32071361]; [DOI: 10.1038/s41598-
020-59693-x]

523. Bastürk M, Karaaslan F, Esel E, Sofuoglu S, Tutus A, Yabanoglu 
I. Effects of short and long-term lithium treatment on serum 
prolactin levels in patients with bipolar effective disorder. Prog 
Neuropsychopharmacol Biol Psychiatry 2001; 25(2): 315-322. 
[PMID: 11294478]; [DOI: 10.1016/s0278-5846(00)00165-2]

524. Zhang SY, Boisson-Dupuis S, Chapgier A, Yang K, Bustamante J, 
Puel A, Picard C, Abel L, Jouanguy E, Casanova JL. Inborn errors 
of interferon (IFN)-mediated immunity in humans: insights into 
the respective roles of IFN-α/b, IFN-γ, and IFN-l in host defense. 
Immunol Rev 2008; 226: 29-40. [PMID: 19161414]; [DOI: 
10.1111/j.1600-065X.2008.00698.x]

525. Wheelock EF, Sibley WA. Circulating virus, interferon and 
antibody after vaccination with the 17-D strain of yellow-fever 
virus. New Engl J Med 1965; 273: 194-198. [PMID: 14306335]; 
[DOI: 10.1056/NEJM19650722730404]

526. Sheppard P, Kindsvogel W, Xu W, Henderson K, Schlutsmeyer 
S, Whitmore TE, Kuestner R, Garrigues U, Birks C, Roraback 
J, Ostrander C, Dong D, Shin J, Presnell S, Fox B, Haldeman 
B, Cooper E, Taft D, Gilbert T, Grant FJ, Tackett M, Krivan W, 
McKnight G, Clegg C, Foster D, Klucher KM. IL-28, IL-29 and 
their class II cytokine receptor IL-28R. Nat Immunol 2003; 4(1): 
63-68. [PMID: 12469119]; [DOI: 10.1038/ni873]

527. Kotenko SV, Gallagher G, Baurin VV, Lewis-Antes A, Shen M, 
Shah NK, Langer JA, Sheikh F, Dickensheets H, Donnelly RP. 
IFN-lambdas mediate antiviral protection through a distinct class 



311

Prandota J. Raynaud’s phenomenon and latent Toxoplasma gondi  infection

II cytokine receptor complex. Nat Immunol 2003; 4(1): 69-77. 
[PMID: 12483210]; [DOI: 10.1038/ni875]

528. Pestka S, Krause CD, Walter MR. Interferons, interferon-like 
cytokines, and their receptors. Immunol Rev 2004; 202: 8-32. 
[PMID: 15546383]; [DOI: 10.1111/j.0105-2896.2004.00204.x]

529. Creutzig A, Caspary L, Freund M. The Raynaud phenomenon and 
interferon therapy. Ann Intern Med 1996; 125(5): 423. [PMID: 
8702103]; [DOI: 10.7326/0003-4819-125-5-199609010-00025]

530. Mohokum M, Hartmann P, Schlattmann P. Association of 
Raynaud’s syndrome with interferons. A meta-analysis. Int Angiol 
2012; 31(5): 408-413. [PMID: 22990501]

531. Schapira D, Nahir AM, Hadad N. Interferon-induced Raynaud’s 
syndrome. Semin Arthritis Rheum 2002; 32(3): 157-162. [DOI: 
10.1053/sarh.2002.34606]

532. Onbasi K, Sahin I, Onbasi O, Ustün Y, Koca D. Raynaud's 
phenomenon in a healthy Turkish population. Clin Rheumatol 
2005; 24(4): 365-369. [PMID: 15906111]; [DOI: 10.1007/s10067-
004-1045-x]

533. Carpentier PH, Satger B, Poensin D, Maricq HR. Incidence and 
natural history of Raynaud phenomenon: a long-term follow-up 
(14 years) of a random sample from the general population. J Vasc 
Surg 2006; 44(5): 1023-1028. [PMID: 17098538]; [DOI: 10.1016/
j.jvs.2006.07.037]

534. Werk R. How does Toxoplasma gondii enter host cells? Rev Infect 
Dis 1985; 7(4): 449-457. [PMID: 3898305]; [DOI: 10.1093/
clinids/7.4.449]

535. Yap GS, Sher A. Effector cells of both nonhemopoietic and 
hemopoietic origin are required for interferon (IFN)-γ- and 
tumor necrosis factor (TNF)- α-dependent host resistance to 
the intracellular pathogen, Toxoplasma gondii. J Exp Med 
1999; 189(7): 1083-1092. [PMID: 10190899]; [DOI: 10.1084/
jem.189.7.1083]

536. Hunter CA, Sibley LD. Modulation of innate immunity by 
Toxoplasma gondii virulence efectors. Nat Rev Microbiol 2012; 
10(11): 766-778. [DOI. 1038/nrmicro2858]

537. Gazzinelli RT, Hieny S, Wynn TA, Wolf S, Sher A. Interleukin 
12 is required for the T lymphocyte-independent induction 
of interferon gamma by an intracellular parasite and induces 
resistance in T-cell-deficient hosts. Proc Natl Acad Sci USA 1993; 
90: 6115-6119. [PMID: 8100999]

538. Hunter CA, Subauste CS, Van Cleave VH, Remington JS. 
Production of gamma interferon by natural killer cells from 
Toxoplasma gondii-infected SCID mice: regulation by 
interleukin-10, interleukin-12, and tumor necrosis factor alpha. 
Infect Immun 1994; 62: 2818-2824. [PMID: 7911785]

539. Denkers EY, Yap G, Scharton-Kersten T, Charest H, Butcher BA, 
Caspar P, Heiny S, Sher A. Perforin-mediated cytolysis plays a 
limited role in host resistance to Toxoplasma gondii. J Immunol 
1997; 159(4): 1903-1908. [PMID: 9257855]

540. Robben PM, Mordue DG, Truscott SM, Takeda K, Akira S, 
Sibley LD. Production of IL-12 by macrophages infected with 
Toxoplasma gondii depends on the parasite genotype. J Immunol 
2004; 172(6): 3686-3694. [PMID: 15004172]; [DOI: 10.4049/
jimmunol.172.6.3686]

541. Mashayekhi M, Sandau MM, Dunay IR, Frickel EM, Khan A, 
Goldszmid RS, Sher A, Ploegh HL, Murphy TL, Sibley LD, 
Murophy KM. CD8 (+) dendritic cells are the critical source of 
interleukin-12 that controls acute infection by Toxoplasma gondii 
tachyzoites. Immunity 2011; 35(2): 249-259. [PMID: 21867928]; 
[DOI: 10.1016/j.immuni.2011.08.008]

542. Pepper M, Dzierszinski F, Wilson E, Tait E, Fang Q, Yarovinsky 
F, Laufer TM, Roos D, Hunter CA. Plasmacytoid dendritic 
cells are activated by Toxoplasma gondii to present antigen and 
produce cytokines. J Immunol 2008; 180(9): 6229-6236. [PMID: 
18424745]; [DOI: 10.4049/jimmunol.180.9.6229]

543. Bliss SK, Butcher BA, Denkers EY. Rapid recruitment of 
neutrophils containing prestored IL-12 during microbial infection. 

J Immunol 2000; 165(8): 4515-4521. [PMID: 11035091]; [DOI: 
10.4049/jimmunol.165.8.4515]

544. Raetz M, Kibardin A, Sturge CR, Pifer R, Li H, Burstein E, Ozato 
K, Larin S, Yarovinsky F. Cooperation of TLR12 and TLR11 in 
the IRF8-dependent IL-12 response to Toxoplasma gondii profilin. 
J Immunol 2013; 191(9): 4818-4827. [PMID: 24078692]; [DOI: 
10.4049/jimmunol.13011301]

545. Sturge CR, Benson A, Raetz M, Wilhelm CL, Mirpuri J, Vitetta 
ES, Yarovinsky F. TLR-independent neutrophil-γ is important for 
host resistance to intracellular pathogens. Proc Natl Acad Sci USA 
2013; 110: 10711-10716. [PMID: 23754402]; [DOI: 10.1073/
pnas.1307868110]

546. Goldszmid RS, Caspar P, Rivollier A, White S, Dzutsev A, Hieny 
S, Kelsall B, Trinchieri G, Sher A. NK cell-derived interferon-γ 
orchestrates cellular dynamics and the differentiation of 
monocytes into dendritic cells at the site of infection. Immunity 
2012; 36(6): 1047-1059. [PMID: 22749354]; [DOI: 10.1016/
j.immuni.2012.03.026]

547. Gupta SL, Carlin JM, Pyati P, Dai W, Pfefferkorn ER, Murphy 
MJ Jr. Antiparasitic and antiproliferative effects of indoleamine 
2,3-dioxygenase enzyme expression in human fibroblasts. Infect 
Immun 1994; 62(6): 2277-2284. [PMID: 8188349]; [DOI: 
10.1128/IAI.62.6.2277-2284.1994]

548. Bliss SK, Gavrilescu LC, Alcaraz A, Denkers EY. Neutrophil 
depletion during Toxoplasma gondii infection leads to impaired 
immunity and lethal systemic pathology. Infect Immun 
2001; 69(8): 4898-4905. [PMID: 11447166]; [DOI: 10.1128/
IAI.60.8.4898-4905.2001]

549. Sayles PC, Johnson LL. Exacerbation of toxoplasmosis in 
neutrophil-depleted mice. Nat Immun 1996; 15(5): 249-258. 
[PMID: 9390274]

550. Nathan CF, Murray HW, Wiebe ME, Rubin BY. Identification 
of interferon-gamma as the lymphokine that activates human 
macrophage oxidative metabolism and antimicrobial activity. 
J Exp Med 1983; 158(3): 670-689. [PMID: 6411853]; [DOI: 
10.1084/jem.158.3.670]

551. Orellana MA, Suzuki Y, Araujo F, Remington JS. Role of beta 
interferon in resistance to Toxoplasma gondii infection. Infect 
Immun 1991; 59(9): 3287-3290. [PMID: 1908831]; [DOI: 
10.1128/IAI.59.9.3287-3290.1991]

552. Schmitz JL, Carlin JM, Borden EC, Byrne GI. Beta interferon 
inhibits Toxoplasma gondii growth in human monocyte-derived 
macrophages. Infect Immun 1989; 57(10): 3254-3256. [PMID: 
2606136]

553. Progress in Autoimmune Diseases Research, Report to Congress, 
National Institutes of Health, The Autoimmune Diseases 
Coordinating Committee, March 2005, (www.niaid.gov/sites/
default/files/adccfinal.pdf). Accessed October 17, 2017.

554. Petrikova J, Agmon-Levin N, Shapira Y, Barzilai O, Ram M, 
Gilburd B, Selmie C, Nicola B, Larida B, Gershwin ME, Valentini 
G, Matuńci-Cerini M, Anaja JM, Katz BSP, Blank M, Shoenfeldb 
Y. Prevalence of anti-toxoplasma antibodies in patients with 
autoimmune diseases. Ann Rheum Dis 2010; 69(Suppl 2): A1-
A76. [DOI: 10.1136/ard.2010.1210.129577t]

555. Chyuan IT, Tzeng HT, Chen JY. Signaling pathways of type I 
and type III interferons and targeted therapies in systemic lupus 
erythematosus. Cells 2019; 8: 963. [DOI: 10.3390/cells8090963]

556. Oke V, Gunnarsson I, Dorschner J, Eketjäll S, Zickert A, Niewold 
TB, Svenungsson E. High levels of circulating interferons type 
I, type II and type III associate with distinct clinical features of 
active systemic lupus erythematosus. Arthritis Res Ther 2019; 
21(1): 107. [DOI: 10.1186/s13075-019-1878-y]

557. Pollard KM, Cauvi DM, Toomey CB, Morris KV, Kono DH. 
Interferon-γ and systemic autoimmunity. Discov Med 2013; 
16(87): 123-131. [PMID: 23998448]

558. Goel RR, Wang X, O’Neil LJ, Nakabo S, Hasneen K, Gupta S, 
Wigerblad G, Blanco LP, Kopp JB, Morasso MI, Kotenko SV, Ju 



312

Prandota J. Raynaud’s phenomenon and latent Toxoplasma gondi  infection

XI, Carmona-Rivera C, Kaplan MJ. Interferon lambda promotes 
immune dysregulation and tissue inflammation in TLR7-
induced lupus. PNAS 2020; 117(10): 5409-5419. [DOI: 10.1073/
pnas.1916897117/-DCSupplemental]

559. Skopouli FN, Talal A, Galanopoulou V, Tsampoulas CG, Drosos 
AA, Moutsopoulos HM. Raynaud's phenomenon in primary 
Sjögren's syndrome. J Rheumatol 1990; 17(5): 618-620. [PMID: 
2359071]

560. Garcia-Carrasco M, Siso A, Ramos-Casals M, Rosas J, de la Red 
G, Gil V, Lasterra S, Cervera R, Font J, Ingelmo M. Raynaud’s 
phenomenon in primary Sjögren’s syndrome. Prevalence and 
clinical characteristics in a series of 320 patients. J Rheumatol 
2002; 29(4): 726-730. [PMID: 11950013]

561. Willeke P, Schlüter B, Schotte H, Domschke W, Gaubitz M, 
Becker H. Interferon-gamma is increased in patients with primary 
Sjögren's syndrome and Raynaud's phenomenon. Semin Arthritis 
Rheumatol 2009; 39(3): 197-202. [PMID: 18571695]; [DOI: 
10.1016/j.semarthrit.2008.04.002]

562. Fauchais AL, Lambert M, Dubucquoi S, Hachulla E, Pasturel U, 
Queyrel V, Hebbar M, Prin L, Bernard D, Hatron PY. Inaugural 
Raynaud’s phenomenon is associated with a multisystemic 
involvement during follow-up in primary Sjögren’s syndrome 
-a report of 162 patients. Int J Angiol 2004; 13: 71-74. [DOI: 
10.1007/s00547-004-1061-3]

563. Pauling JD, Saketkoo LA, Matucci-Cerinic M, Ingegnoli  F, 
Khanna D. The patient experience of Raynaud’s phenomenon in 
systemic sclerosis. Rheumatology 2019; 58(1): 18-26. [PMID: 
29538754]; [DOI:10.1093/rheumatology/key026]

564. Jimenez SA, Derk CT. Following the molecular pathways toward 
an understanding of the pathogenesis of systemic sclerosis. Ann 
Intern Med 2004; 140(1): 37-50. [PMID: 14706971]

565. Koenig M, Joyal F,Fritzler MJ, Roussin A, Abrahamowicz M, 
Boire G, Goulet JR, Rich E, Grodzicky T, Raymond Y, Senecal 
JL. Autoantibodies and microvascular damage are independent 
predictive factors for the progression of Raynaud’s phenomenon 
to systemic sclerosis. a twenty-year prospective study of 586 
patients, with validation of proposed criteria for early systemic 
sclerosis. Arthr Rheum 2008; 58(12): 3902-3912. [PMID: 
19035499]; [DOI 10.1002/art.24038]

566. Molteni M, Della Bella S, Mascagni B, Bazzi S, Zulian C, 
Compasso S, Lessi M, Scorza R. Increased interferon-gamma 
(IFN-γ) levels produced in vitro by alloactivated T lymphocytes 
in systemic sclerosis and Raynaud’s phenomenon. Clin Exp 
Immunol 1999; 116(1): 164-168. [PMID: 10209521]; [DOI: 
10.1046/j.1365-2249.1999.00842.x]

567. So lovas t ru  L ,  Amal ine i  C .  Morphea  assoc ia ted  wi th 
toxoplasmosis. Rev Medico-chirurg Soc Med Natural Iasi 2003; 
107(3): 646-649. [PMID: 14756079]

568. Noakes R. Dissecting the enigma of scleroderma: possible 
involvement of the kynurenine pathway. Pteridines 2017; 28(2): 
59-66. [DOI 10.1515/pterid-2016-0010]

569. Taveras Dantas A, Calado Goncalves SM, Pereira MC, de Almeida 
AR, Lopes Marques CD, Barreto de Melo Rego MJ, da Rocha 
Pitta I, Branco Pinto Duarte AL, da Rocha Pitta MG. Interferons 
and systemic sclerosis: correlation between interferon gamma and 
interferon-lambda 1 (IL-29). Autoimmunity 2015; 48(7): 429-433. 
[PMID: 26057401]; [DOI: 10.3109/08916934.2015.1054028]

570. Silva-Barrios S, Stäger S. Protozoan parasites and type I IFNs. 
Front Immunol 2017; 8: 14. [PMID: 28154565]; [DOI: 10.3389/
fimmu.2017.00014]

571. Siegel R, Eskdale J, Gallagher G. Regulation of IFN-l1 promoter 
activity (IFN-l1/IL-29) in human airway epithelial cells. J 
Immunol 2011; 187(11): 5636-5644. [PMID: 22058416]; [DOI: 
10.4049/jimmunol.1003988]

572. Ye L, Schnepf D, Staeheli P. Interferon-l orchestrates innate and 
adaptive mucosal immune responses. Nature Rev Immunol 2019; 
19(10): 614-625. [PMID: 31201377]; [DOI: 10.1038/s41577-019-

0182-z]
573. Haasnoot AM, Kuiper JJ, Hiddingh S, Schellekens PA, de Jager 

W, Imhof SM, Radstake TR, de Boer JH. Ocular fluid analysis in 
children reveals interleukin-29/interferon-lambda 1 as a biomarker 
for juvenile idiopathic arthritis-associated uveitis. Arthritis 
Rheumatol 2016; 68(7): 1769-1779. [PMID: 26866822]; [DOI: 
10.1002/art.39621]

574. Ferguson SH, Foster DM, Sherry B, Magness ST, Nielsen DM, 
Gookin JL. Interferon- λ3 promotes epithelial defense and barrier 
function against Cryptosporidium parvum infection. Cell Mol 
Gastroenterol Hepatol 2019; 8(1): 1-20. [PMID: 30849550]; 
[DOI: 10.1016/j.jcmgh.2019.02.007]

575. Dimier IH, Bout DT. Interferon-gamma-activated primary 
enterocytes inhibit Toxoplasma gondii replication: a role for 
intracellular iron. Immunol 1998; 94(4): 488-495. [PMID: 
9767436] 

576. Jordan WJ, Eskdale J, Srinivas S, Pekarek V, Kelner D, Rodia M, 
Gallagher G. Human interferon lambda-1 (IFN-lambda1/IL-29) 
modulates the Th1/Th2 response. Genes Immun 2007; 8(3): 254-
261. [PMID: 17361203]; [DOI: 10.1038/sj.gene.6364382]

577. Srinivas S, Dai J, Eskdale J, Gallagher GE, Megjugorac NJ, 
Gallagher G. Interferon-lambda1 (interleukin-29) preferentially 
down-regulates interleukin-13 over other T helper type 2 cytokine 
responses in vitro. Immunology 2008; 125(4): 492-502. [DOI: 
10.1111/j.1365-2567.2008.0286.x]

578. Wu Q, Yang Q, Lourenco E, Sun H, Zhang Y. Interferon-lambda 
1 induces peripheral blood mononuclear cell-derived chemokines 
secretion in patients with systemic lupus erythematosus: its 
correlation with disease activity. Arthritis Res Ther 2011; 13(3): 
R88. [PMID: 21679442]; [DOI: 10.1186/ar3363]

579. Hartmann P, Mohokum M, Schlattmann P. The association of 
Raynaud's syndrome with rheumatoid arthritis - a meta-analysis. 
Clin Rheumatol 2011; 30(8): 1013-1019. [PMID: 21461651]; 
[DOI: 10.1007/s10067-011-1727-0]

580. Kato M. New insights into IFN-γ in rheumatoid arthritis: role 
in the era of JAK inhibitors. Immunol Med 2020; 43(2): 72-78. 
[DOI: 10.1080/25785826.2020.1751908]

581. Sigidin YA, Loukina GV, Skurkovich B, Skurkovich S. 
Randomized, double-blind trial of anti-interferon-gamma 
antibodies in rheumatoid arthrit is .  Scand J Rheumatol 
2 0 0 1 ;  3 0 ( 4 ) :  2 0 3 - 2 0 7 .  [ P M I D :  11 5 7 8 0 1 4 ] ;  [ D O I : 
10.1080/0300974001316909530]

582. Hosseininejad Z, Sharif M, Sarvi S, Amouei A, Hosseini SA, 
Nayeri Chegeni T, Anvari D, Saberi R, Gohardehi S, Mizani 
A, Sadeghi M, Daryani A. Toxoplasmosis seroprevalence in 
rheumatoid arthritis patients: A systematic review and meta-
analysis. PLoS Negl Trop Dis 2018; 12(6): e0006545. [DOI: 
10.1371/journal.pntd.0006545]

583. İnal A, Tas D. Toxoplasma gondii seroprevalence in rheumatoid 
arthritis patients treated with biological agents. J Surg Med 2019; 
3(3): 239-241. [DOI: 10.28982/josam.523350]

584. O'Keeffe ST, Tsapatsaris NP, Beetham WP Jr. Association between 
Raynaud's phenomenon and migraine in a random population of 
hospital employees. J Rheumatol 1993; 20(7): 1187-1188. [PMID: 
8371215]

585. Zahavi I, Chagnac A, Hering R, Davidovich S, Kuritzky A. 
Prevalence of Raynaud's phenomenon in patients with migraine. 
Arch Intern Med 1984; 144(4): 742-744. [PMID: 6143540]

586. Hegyalijai T, Meienberg O, Dubler B, Gasser P. Cold-induced 
acral vasospasm in migraine as assessed by nailfold video-
microscopy: prevalence and response to migraine prophylaxis. 
Angiology 1997; 48(4): 345-349. [PMID: 9112882]; [DOI: 
10.1177/000331979704800407]

587. Gasser P, Meienberg O. Finger microcirculation in classical 
migraine. A video-microscopic study of nailfold capillaries. 
Eur Neurol 1991; 31(3): 168-171. [PMID: 2044632]; [DOI: 
10.1159/000116670]



313

Prandota J. Raynaud’s phenomenon and latent Toxoplasma gondi  infection

588. Nakamura Y, Shinozaki N, Hirasawa M, Kato R, Shiraishi K, Kida 
H, Usuda K, Ishikawa T. Prevalence of migraine and Raynaud’s 
phenomenon in Japanese patients with vasospastic angina. Jpn 
Circ J 2000; 64(4): 239-242. [PMID: 10783043]; [DOI: 10.1253/
jcj.64.239]

589. Stjernbrandt A, Pettersson H, Liljelind I, Nilsson T, Wahlström J. 
Raynaud’s phenomenon in Northern Sweden: a population-based 
nested case-control study. Rheumatol Int 2019; 39: 265-275. 
[DOI: 10.1007/s00296-018-4133-y]

590. Lisco G, Cicco G, Cignarelli A, Garruti G, Laviola L, Giorgino F. 
Computerized video-capillaroscopy alteration related to diabetes 
mellitus and its complications. In: Thews O, LaManna J, Harrison 
D (eds.) Oxygen Transport to Tissue XL. Adv Exp Med Biol  
2018; 1072: 363-368. [PMID: 30178372]; [DOI: 10.1007/978-3-
319-91287-5_58]

591. Maldonado G, Guerrero R, Paredes C, Ríos C. Nailfold 
capillaroscopy in diabetes mellitus. Microvasc Res 2017; 112: 41-
46. [PMID: 28274735]; [DOI: 10.1016/j.mvr.2017.03.001]

592. Gasser P, Affolter H, Schuppisser JP. The role of nailbed 
vasospasm in Crohn's disease. Int J Colorectal Dis 1991; 6(3): 
147-151. [PMID: 1744486]; [DOI: 10.1007/BF00341235].

593. Prandota J. Recurrent headache as the main symptom of acquired 
cerebral toxoplasmosis in non-human immunodeficiency virus-
infected subjects with no lymphadenopathy. The parasite may be 
responsible for the neurogenic inflammation postulated as a cause 
of different types of headaches. Am J Ther 2007; 14(1): 63-105. 
[PMID: 17303977]; [DOI: 10.1079/01.mjt.0000208272.42379.aa]

594. Prandota J. The importance of Toxoplasma gondii infection 
in disease presenting with headaches. Headaches and aseptic 
meningitis may be manifestations of the Jarisch-Herxheimer 
reaction. Int J Neurosci 2009; 119(12): 2144-2182. [PMID: 
19916846]; [DOI: 10.3109/00207450903149217]

595. Ruaro B, Smith V, Sulli A, Pizzorni C, Tardito S, Patané M, 
Paolino S, Cutolo M. Innovations in the assessment of primary 
and secondary Raynaud’s phenomenon. Front Pharmacol 2019; 
10: 360. [DOI: 10.3389/fphar.2019.00360]

596. Sandhagen B, Wegener T, Hägg A. Blood viscosity, finger systolic 
pressure and effect of dazoxiben treatment in primary vasospastic 
disease. Upsala J Med Sci 1984; 89(3): 213-219. [PMID: 
6393521]; [DOI: 103109/03009738409179501]

597. Butkiewicz AM, Kemona H, Dymicka-Piekarska V, Matowicka-
Karna J, Radziwon P, Lipska A. Platelet count, mean platelet 
volume and thrombocytopoietic indices in healthy women 
and men. Thromb Res 2006; 118(2): 199-204. [DOI: 10.1016/
j.thromres.2005.06.021] [PMID: 16139337]

598. Ali U, Gibbs R, Knight G, Tsitsikas D. Sex-divided reference 
intervals for mean platelet volume, platelet large cell ratio and 
plateletcrit using the Sysmex XN-10 automated haematology 
analyzer in a UK population. Hematol Transfus Cell Ther 2019; 
41(2): 153-157. [DOI: 10.1016/j.htct.2018.09.005]

599. Cramer EM, Savidge GF, Vainchenker W, Berndt MC, Pidard 
D, Caen JP, Masse JM, Breton-Gorius J. Alpha-granule pool 
of glycoprotein IIb-IIIa in normal and pathologic platelets 
and megakaryocytes. Blood 1990; 75(6): 1220-1227. [PMID: 
2310822]

600. Tibbles HE, Navara CS, Hupke MA, Vassilev AO, Uckun FM. 
Thrombopoietin induces P-selectin expression on platelets and 
subsequent platelet/leukocyte interactions. Biochem Biophys 
Res Commun 2002; 292(4): 987-991. [PMID: 11944912]; [DOI: 
10.1006/bbrc.2002.6759]

601. Mezger M, Nording H, Sauter R, Graf T, Heim C, von Bubnoff 
N, Ensminger SM, Langer HF. Platelets and immune responses 
during thromboinflammation. Front Immunol 2019; 10: 1731. 
[PMID: 31402914]; [DOI: 10.3389/fimmu.2019.01731]

602. Oda A, Miyakawa Y, Druker BJ, Ozaki K, Yabusaki K, Shirasawa 
Y, Handa M, Kato T, Miyazaki H, Shimosaka A, Ikeda Y. 
Thrombopoietin primes human platelet aggregation induced by 

shear stress and by multiple agonists. Blood 1996; 87(11): 4664-
4670. [PMID: 8639835]

603. Neri Serneri GG, Abbate R, Gensini GF, Galanti G, Paoli 
G, Laureano R. Platelet aggregation and thromboxane A2 
production after adrenergic stimulation in young healthy humans. 
Haemostasis 1982; 11: 40-48. [DOI: 10.1159/000214639]

604. Egan K, van Geffen JP, Ma H, Krvane B, Lennon A, Allen 
S, Neary E, Parsons M, Maguire P, Wynne K, O’Kennedy 
R, Heemskerk JWM, Ni Ainle F. Effect of platelet-derived 
β-thromboglobulins on coagulation. Thromb Res 2017; 154: 7-15. 
[PMID: 28384443]; [DOI: 10.1016/j.thromres.2017.03.023]

605. Picart C, Carpentier PH, Brasseur S, Galliard H, Piau JM. 
Systemic sclerosis: blood rheometry and laser Doppler imaging 
of digital cutaneous microcirculation during local cold exposure. 
Clin Hemorheol Microcirc 1998; 18(1): 47-58. [PMID: 9653586]

606. Spengler MI, Svetaz MJ, Leroux MB, Leiva ML, Bottai HM. 
Association between capillaroscopy, hæmorheological variables 
and plasma proteins in patients bearing Raynaud’s phenomenon. 
Clin Hemorheol Microcirc 2004; 30(1): 17-24. [PMID: 14967879]

607. Ziegler S, Zöch C, Gschwandtner M, Eckhardt G, Windberger 
U, Minar E, Rüdiger H, Osterode W. Thermoregulation and 
rheological properties of blood in primary Raynaud’s phenomenon 
and the vibration-induced white-finger syndrome. Int Arch Occup 
Environ Health 2005; 78: 218-222. [DOI: 10.1007/s00420-004-
0601-7]

608. Vaya A, Alis R, Romagnoli M, Todolf J, Calvo J, Ricart JM. 
Hemorheological profile in primary and secondary Raynaud’s 
phenomenon. Influence of microangiopathy. Clin Hemorheol 
Microcirc 2014; 56(3): 259-264. [PMID: 23609604]; [DOI: 
10.3233/CH-131723]

609. Goyle KB, Dormandy JA. Abnormal viscosity in Raynaud’s 
phenomenon. Lancet 1976; 307(7973): 1317-1318. [DOI: 
10.1016/S0140-6736(76)92651-9]

610. Sloop GD, De Mast Q, Pop G, Weldman JJ, Cyr JA. The role of 
blood viscosity in infectious diseases. Cureus 2020; 12(2): e7090. 
[DOI: 10.7759/cureus.7090]

611. Ayres ML, Jarrett PE, Browse NL. Blood viscosity, Raynaud's 
phenomenon and the effect of fibrinolytic enhancement. BJS 1981; 
68(1): 51-54. ]DOI: 10.1002/bjs.1800680117]

612. Kersten P, Niewold TB, Zeisberg M, Utset TO, Cho D, Zachary 
LS,Sweiss NJ, Volkov S. Increased whole blood viscosity is 
associated with the presence of digital ulcers in systemic sclerosis: 
results from a cross-sectional pilot study. Autoimmun Dis 2017; 
art. ID 3529214. [DOI: 10.1155/2017/3529214]

613. Robert-Gangneux F, Darde ML. Epidemiology and diagnostic 
strategies for toxoplasmosis. Clin Microbiol Rev 2012; 25(2): 
264-296. [DOI: 10.1128/CMR.05013-11]

614. Ho CH. White blood cell and platelet counts could affect whole 
blood viscosity. J Chin Med Assoc 2004; 67(8): 394-397. [PMID: 
15553798]

615. Zhang J, Wood J, Bergeron AL, McBride L, Ball C, BS, Yu Q, 
Pusiteri AE, Holcomb JB, Dong J. Effects of low temperature on 
shear-induced platelet aggregation and activation. J Trauma 2004; 
57: 216-223. [DOI: 10.1097/01.TA.0000093366.98819.FE]

616. Weitz JI, Jaffer IH. Optimizing the safety of treatment for venous 
thromboembolism in the era of direct oral anticoagulants. Pol 
Arch Med Wewn 2016; 126(9): 688-696. [PMID: 27592622]; 
[DOI: 10.20452/pamw.3547]

617. Żuk J, Snarska-Drygalska A, Malinowski KP, Papuga-Szela E, 
Natorska J, Undas A. Unfavourably altered plasma clot properties 
in patients with primary Raynaud’s phenomenon: association with 
venous thromboembolism. J Thromb Thrombol 2019; 47(2): 248-
254. [PMID: 30684190]; [DOI: 10.1007/s11239-019-01805-0]

618. Bedarida G, Kim D, Blaschke TF, Hoffman BB FRCPC, Hoffman 
BB. Venodilation in Raynaud's disease. Lancet 1993; 342(8885): 
1451-1454. [DOI: 10.1016/0140-6736(93)92932-J]

619. Winblad B. Piracetam: a review of pharmacological properties 



314

Prandota J. Raynaud’s phenomenon and latent Toxoplasma gondi  infection

and clinical use. CNS Drug Rev 2005; 11(2): 169-182. [PMID: 
16007238]; [DOI: 10.1111/j.1527-3458.2005.tb00268.x]

620. Nalbandian RM, Henry RL, Burek CL, Diglio CA, Goldman 
AI, Taylor GW, Hoffman WH. Diminished adherence of sickle 
erythrocytes to cultured vascular endothelium by piracetam. Am J 
Hematol 1983; 15(2): 147-151. [PMID: 6613985]; [DOI: 10.1002/
ajh.2830150206]

621. Reuse-Blom S. Microcirculation of the pial vessels in the rabbit. 
Acta Cardiol 1979; 34: 35-36. 

622. Herrschaft H. The effect of piracetam on global and regional 
cerebral blood flow in acute cerebral ischemia of man. Med Klin 
1978; 73(6): 195-202. [PMID: 340868]

623. Gianello P, Janssen T, Chatzopoulos C, Kartheuser A, Lambotte L, 
Squifflet JP, Alexandre GP. Beneficial effect of piracetam on renal 
blood flow in ischemically injured kidneys in the rat. Transplant 
Proc 1988; 20(5): 914-916. [PMID: 3188196]

624. Moriau M, Lavenne-Pardonge E, Crasborn L, von Frenckell R, 
Col-Debeys C. Treatment of the Raynaud's phenomenon with 
piracetam. Arzneimittelforschung 1993; 43(5): 526-535. [PMID: 
8328997]

625. Moriau M, Crasborn L, Lavenne-Pardonge E, von Frenckell R, 
Col-Debeys C. Platelet anti-aggregant and rheological properties 
of piracetam. A pharmacodynamic study in normal subjects. 
Arzneimittelforschung 1993; 43(2): 110-118. [PMID: 8457235]

626. Moncada S, Higgs EA, Vane JR. Human arterial and venous 
tissues generate prostacyclin (prostaglandin x), a potent inhibitor 
of platelet aggregation. Lancet 1977; 1(8001): 18-20. [PMID: 
63657]; [DOI: 10.1016/s0140-6736(77)91655-5]

627. Starzyk D, Korbut R, Gryglewski RJ. Effects of nitric oxide and 
prostacyclin on deformability and aggregability of red blood cells 
of rats ex vivo and in vitro. J Physiol Pharmacol 1999; 50(4): 629-
637. [PMID: 10639013]

628. Sievi  E, Lähteenmäki TA, Alanko J, Vuorinen P, Vapaatalo H. 
Nitric oxide as a regulator of prostacyclin synthesis in cultured rat 
heart endothelial cells. Arzneimittelforschung 1997; 47(10): 1093-
1098. [PMID: 9368700]

629. Chun C, Chao W, Robert Anderson R, Hu S, Gekker G, Martella 
A, Peterson PK. Activated microglia inhibit multiplication 
of Toxoplasma gondii via a nitric oxide mechanism. Clin 
Immunol Immunopathol 1993; 67(2): 178-183. [DOI: 10.1006/
clin.1993.1062]

630. Zhang Z, Gu H, Li Q, Zheng J, Cao S, Weng C, Jia H. 
GABARAPL2 is critical for growth restriction of Toxoplasma 
gondii in HeLa cells treated with gamma interferon. Infect Immun 
2020; 88(5): e00054-20. [PMID: 32094251]; [DOI: 10.1128/
iai.00054-20]

631. Sen S, Roy S, Bandyopadhyay G, Scott B, Xiao D, Ramadoss S, 
Mahata SK, Chaudhuri G. GABA is synthesized and released by 
the endothelium. Potential implications. Circ Res 2016; 119: 621-
634. [DOI: 10.1161/CIRCRESAHA.116.308645]

632. J i n  Z ,  M e n d u  S K ,  B i r n i r  B .  G A B A i s  a n  e f f e c t i v e 
immunomodulatory molecule. Amino Acids 2013; 45(1): 87-94. 
[PMID: 22160261]; [DOI: 10.1007/s00726-011-1193-7]

633. Bhandage AK, Jin Z, Korol SV, Shen Q, Pei Y, Deng Q, Espes 
D, Carlsson PO, Kamali-Moghaddam M, Birnir B. GABA 
regulates release of inflammatory cytokines from peripheral blood 
mononuclear cells and CD4+ T cells and is immunosuppressive 
in type 1 diabetes. EBioMedicine 2018; 30: 283-294. [PMID: 
26227388]; [DOI: 10.1016/j.ebiom.2018.03.019]

634. Bhat R, Axtell R, Mitra A, Miranda M, Lock C, Tsien RW, 
Steinman L. Inhibitory role for GABA in autoimmune 
inflammation. Proc Natl Acad Sci USA 2010; 107(6): 2580-2585. 
[PMID: 20133656]; [DOI: 10.1073/pnas.0915139107]

635. Duthey B, Hübner A, Diehl S, Boehncke S, Pfeffer J, Boehncke 
WH. Anti-inflammatory effects of the GABA(B) receptor agonist 
baclofen in allergic contact dermatitis. Exp Dermatol 2010; 19(7): 
661-666. [DOI: 10.1111/j.1600-0625.2010.01076.x] [PMID: 

20201957]
636. Hamdy HA, Elsayad MH, Sadek NA, Elhammamy RH. The 

oxidative stress and platelet activation in patients infected with T. 
gondii. Bull High Inst Public Health 2013; 43(1): 83-97. [P-ISSN: 
1110-0036]

637. Jafari M, Salehi M, Shirbazou S, Abasian L, Talebi-Meymand F. 
Evaluation of gender-related differences in response to oxidative 
stress in Toxoplasma gondii positive serum. Ann Milit Health Res 
2014; 12(2): 64-69. [P-ISSN: 2383-1960]

638. Johnson LL, Berggren KN, Szaba FM, Chen W, Smiley 
ST. Fibrin-mediated protection against infection-stimulated 
immunopathology. J Exp Med 2003; 197( 6): 801-806. [PMID: 
12629066]; [DOI: 10.1084/jem.20021493]

639. Moon DK, Geczy CL. Recombinant IFN gamma synergizes 
with lipopolysaccharide to induce macrophage membrane 
procoagulants. J Immunol 1988; 141(5): 1536-1542. [PMID: 
2457619]

640. Schwager I, Jungi TW. Effect of human recombinant cytokines on 
the induction of macrophage procoagulant activity. Blood 1994; 
83(1): 152-160. [PMID: 8274733]

641. Hamilton JA, Whitty GA, Last K, Royston AK, Hart PH, Burgess 
DR. Interleukin-4 suppresses plasminogen activator inhibitor-2 
formation in stimulated human monocytes. Blood 1992; 80(1): 
121-125. [PMID: 1611080]; [DOI: 10.1182/BLOOD.V80.1.121.
BLOODJOURNAL801121]

642. Mullarky IK, Szaba FM, Berggren KN, Kummer LW, Wilhelm 
LB, Parent MA, Johnsson LL, Smiley ST. Tumor necrosis 
factor alpha and gamma interferon, but not hemorrhage or 
pathogen burden, dictate levels of protective fibrin deposition 
during infection. Infect Immun 2006; 74(2): 1181-1188. [PMID: 
16428767]; [DOI: 10.1128/IAI.74.2.1181-1188.2006]

643. Kasza A, Kiss DL, Gopalan S, Xu W, Rydel RE, Koj A, Kordula 
T. Mechanism of plasminogen activator inhibitor-1 regulation by 
oncostatin M and interleukin-1 in human astrocytes. J Neurochem 
2002; 83(3): 696-703. [PMID: 12390531]; [DOI: 10.1046/j.1471-
4159.2002.01163.x]

644. Gallicchio M, Hufnagl P, Wojta J, Tipping P. IFN-γ inhibits 
thrombin- and endotoxin-induced plasminogen activator inhibitor 
type 1 in human endothelial cells. J Immunol 1996; 157(6): 2610-
2617. [PMID: 8805664]

645. Del Prete G, De Carli M, Lammel RM, D’Elios M, Daniel KC, 
Giusti B, Abbate R, Romagnani S. Th1 and Th2 T-helper cells 
exert opposite regulatory effects on procoagulant activity and 
tissue factor production by human monocytes. Blood 1995; 86(1): 
250-257. [PMID: 7795230]

646. Dosne AM, Dubor F, Lutcher F, Parant M, Chedid L. Tumor 
necrosis factor (TNF) stimulates plasminogen activator inhibitor 
(PAI) production by endothelial cells and decreases blood 
fibrinolytic activity in the rat. Thromb Res 1988; (Suppl.) 8: 115-
122. [PMID: 3144762]; [DOI: 10.1016/0049-3848(88)90160-0]

647. Medcalf RL, Kruithof EK, Schleuning WD. Plasminogen activator 
inhibitor 1 and 2 are tumor necrosis factor/cachectin-responsive 
genes. J Exp Med 1988; 168(2): 751-759. [PMID: 3137305]; 
[DOI: 10.1084/jem.168.2.751]

648. van Hinsbergh VW, Kooistra T, van den Berg EA, Princen HM, 
Fiers W, Emeis JJ. Tumor necrosis factor increases the production 
of plasminogen activator inhibitor in human endothelial cells in 
vitro and in rats in vivo. Blood 1988; 72(5): 1467-1473] [PMID: 
3140909]

649. Nawroth PP, Stern DM. Modulation of endothelial cell hemostatic 
properties by tumor necrosis factor. J Exp Med 1986; 163(3): 740-
745. [PMID: 3753996]; [DOI: 10.1084/jem.163.3.740]

650. Scarpati EM, Sadler JE. Regulation of endothelial cell coagulant 
properties. Modulation of tissue factor, plasminogen activator 
inhibitors, and thrombomodulin by phorbol 12-myristate 
13-acetate and tumor necrosis factor. J Biol Chem 1989; 264(34): 
20705-20713. [PMID: 2555368]



315

Prandota J. Raynaud’s phenomenon and latent Toxoplasma gondi  infection

651. Clauss M, Sunderkötter C, Sveinbjörnsson B, Hippenstiel S, 
Willoweit A, Marino M, Haas E, Seljelid R, Scheurich P, Suttorp 
N, Grell M, Risau W. A permissive role for tumor necrosis 
factor in vascular endothelial growth factor-induced vascular 
permeability. Blood 2001; 97(5): 1321-1329. [PMID: 11222376]; 
[DOI: 10.1182/blood.V97.5.1321]

652. Friedl J, Puhlmann M, Bartlett DL, Libutti SK, Turner EN, Gnant 
MF, Alexander AM. Induction of permeability across endothelial 
cell monolayers by tumor necrosis factor (TFN) occurs via a 
tissue factor-dependent mechanism: relationship between the 
procoagulant and permeability effects of TNF. Blood 2002; 
100(4): 1334-1339. [PMID: 12149215]; [DOI: 10.1182/blood.
V100.4.1334.h81602001334_1334_1339]

653. Szaba FM, Smiley ST. Roles for thrombin and fibrin(ogen) in 
cytokine/chemokine production and macrophage adhesion in 
vivo. Blood 2002; 99(3): 1053-1059. [PMID: 11807012]; [DOI: 
10.1182/blood.V99.3.1053]

654. R o y  V,  N e w l a n d  A C .  R a y n a u d ’s  p h e n o m e n o n  a n d 
cryoglobulinaemia associated with the use of recombinant 
human alpha-interferon. Lancet 1988; 1(8591): 944-945. PMID: 
2895871]; [DOI: 10.1016/s0140-6736(88)91759-x]

655. Brouet JC, Clauvel JP, Danon F, Klein M, Seligmann M. Biologic 
and clinical significance of cryoglobulins. A report of 86 cases. 
Am J Med 1974; 57(5): 775-788. [PMID: 4216269]; [DOI: 
10.1016/0002-9343(74)90852-3]

656. Cicardi M, Cesana B, Del Ninno E, Pappalardo E, Silini E, 
Agostoni A, Colombo M. Prevalence and risk factors for the 
presence of serum cryoglobulins in patients with chronic hepatitis 
C. J Viral Hepat 2000; 7(2): 138-143. [PMID: 10760044]; [DOI: 
10.1046/j.1365-2893.2000.00204.x]

657. Wang S, Yao Z, Li H, Li P, Wang D, Zhang H, Xie Q, Zhang Z, Li 
X. Seroprevalence and risk factors of Toxoplasma gondii infection 
in primary school children in Henan province, central China. 
Parasite 2020; 27: 23. [DOI: 10.1051/parasite/2020018]

658. Wang S, Lan C, Zhang L, Zhang H, Yao Z, Wang D, Ma J, Deng 
J, Liu S. Seroprevalence of Toxoplasma gondii infection among 
patients with hand, foot and mouth disease in Henan, China: 
a hospital-based study. Infect Dis Poverty 2015; 4: 53. [DOI 
10.1186/s40249-015-0088-3]

659. Semple JW, Freedman J. Platelets and innate immunity. Cell 
Mol Life Sci 2010; 67(4): 499-511. [PMID: 20016997]; [DOI: 
10.1007/s00018-009-0205-1]

660. Jenne CN, Kubes P. Platelets in inflammation and infection. 
Platelets 2015; 26(4): 286-292. [PMID: 25806786]; [DOI: 
10.3109/09537104.2015.1010441]

661. van Gils JM, Zwaginga JJ, Hordijk PL. Molecular and functional 
interactions among monocytes, platelets, and endothelial cells and 
their relevance for cardiovascular diseases. J Leukoc Biol 2009; 
85(2): 195-204. [PMID: 18948548]; [DOI: 10.1189/jlb.0708400]

662. Page AV, Liles WC. Biomarkers of endothelial activation/
dysfunction in infectious diseases. Virulence 2013; 4(6): 507-516. 
[PMID: 23669075]; [DOI: 10.4161/viru.24530]

663. Alonso AL, Cox D. Platelet interactions with viruses and 
parasites. Platelets 2015; 26(4): 317-323. [PMID: 25915557]; 
[DOI: 10.3109/09537104.2015.1025376]

664. Nagata K, Tsuji T, Todoroki N, Katagiri Y, Tanoue K, Yamazaki H, 
Hanai N, Irimura T. Activated platelets induce superoxide anion 
release by monocytes and neutrophils through P-selectin (CD62). 
J Immunol 1993; 151(6): 3267-3273. [PMID: 7690799]

665. Rayes J, Bourne JH, Brill A, Watson SP. The dual role of platelet 
innate immune cell interactions in thrombo-inflammation. Res 
Pract Thromb Haemost 2020; 4(1): 23-35. [PMID: 31989082]; 
[DOI: 10.1002/rth2.12266]

666. Bojinova RI, Konieczka K, Todorova MG. Unilateral loss of 
vision after spinal surgery in a patient with Flammer syndrome. 
Klin Monatsbl Augenheilkd 2016; 233(4): 429-431. [PMID: 
27116500]; [DOI: 10.1055/s-0041-111750]

667. Wang Z, Zhang D-X, Zhao Q. Infection-stimulated anemia results 
primarily from interferon gamma-dependent, signal transducer 
and activator of transcription 1-independent red cell loss. Chin 
Med J 2015; 128(7): 948-955. [DOI: 10.4103/0366-6999.154303]

668. Turan E, Sebnem Kilic S. Retrospective view of primary 
Raynaud's phenomenon in childhood. Reumatol Clín 2019; 15(6): 
e92-e95. [DOI: 10.1016/j.reumae.2017.12.007]

669. Majmundar N, Patel PD, Dodson V, Tran A, Goldstein I, Assina 
R. Parasitic infections of the spine: case series and review 
of the literature. Neurosurg Focus 2019; 46(1): E12. [DOI: 
/10.3171/2018.10.FOCUS18472]

670. Burrowes D, Boyer K, Swisher CN, Noble AG, Sautter M, 
Heydemann P, Rabiah P, Lee D, McLeod R. Spinal cord lesions 
in congenital toxoplasmosis demonstrated with neuroimaging, 
including their successful treatment in an adult. J Neuroparasitol 
2012; 3(2012): 235533. [PMID: 23487348]; [DOI: 10.4303/
jnp/235533]

671. Garcia-Gubern C, Fuentes CR, Colon-Rolon L, Masvidal D. 
Spinal cord toxoplasmosis as an unusual presentation of AIDS: 
Case report and review of the literature. Int J Emerg Med 2010; 3: 
439-442. [DOI: 10.1007/s12245-010-0207-7]

672. Koseoglu E, Yazar S, Koc I. Is Toxoplasma gondii a causal agent 
in migraine? Am J Med Sci 2009; 338(2): 120-122. [PMID: 
19564786]; [DOI: 10.1097/MAJ.0b013e31819f8cac]

673. Prandota J, Gryglas A, Fuglewicz A, Żesławska-Faleńczyk A, 
Ujma-Czapska B, Szenborn L, Mierzwa J. Recurrent headaches 
may be caused by cerebral toxoplasmosis. World J Clin Pediatr 
2014; 3(3): 59-68. [PMID: 25254186]; [DOI: 10.5409/wjcp.
v3.i3.59]

674. Yucel B, Kubat Uzum A, Ozbey N, Kamali S, Yager J. Anorexia 
nervosa and Raynaud’s phenomenon: a case report. Int J Eat 
Disord 2007; 40(8): 762-765. [PMID: 17607716]; [DOI: 10.1002/
eat.20418]

675. Marina S, Broshtilova V, Botev I, Guleva D, Hadziivancheva 
M, Nikolova A, Kazandjieva J. Cutaneous manifestations of 
toxoplasmosis: a case report. Serb J Dermatol Venereol 2014; 
6(3): 113-119. [DOI: 10.2478/sjdv-2014-0010]

676. Blaizot R, Nabet C, Blanchet D, Martin E, Mercier A, Darde ML, 
Elenga N, Demar M. Pediatric Amazonian toxoplasmosis due to 
atypical genotyped strains in French Guiana, 2002-2017. Pediatr 
Infect Dis 2019; 38(8): e39-e42. [PMID: 29957729]; [DOI: 
10.1097/INF.0000000000002130]

677. Nandedkar S, Bajpai T, Malukani K, Bhatambare GS. Unusual 
manifestation of isolated cutaneous toxoplasmosis in an 
immunocompetent patient. Indian J Dermatopathol Diagn 
Dermatol 2015; 2(1): 18-22. [DOI: 10.4103/2349-6029.160984]

678. Orefice JL, Costa RA, Orefice F, Campos F, da Costa-Lima Jr D, 
Scott IU. Vitreoretinal morphology in active ocular toxoplasmosis: 
a prospective study by optical coherence tomography. Br J 
Ophthalmol 2007; 91(6): 773-780. [PMID: 17135336]; [DOI: 
10.1136/bjo.2006.108068]

679. Ozgonul C, Besirli CG. Recent developments in the diagnosis and 
treatment of ocular toxoplasmosis. Ophthalmic Res 2017; 57(1): 
1-12. [PMID: 27723657]; [DOI: 10.1159/000449169]

680. Noble AG, Latkany P, Kusmierczyk J, Mets M, Rabiah P, Boyer 
K, Jalbrzikowski J, Wroblewski K, Karrison T, Swisher CN, 
Mieler WF, Meier P, McLeod R. Chorioretinal lesions in mothers 
of children with congenital toxoplasmosis in the National 
Collaborative Chicago-based, Congenital Toxoplasmosis Study. 
Scientia Medica (Porto Alegre) 2010; 20(1): 20-26. [DOI: 
10.15448/1980-6108.2010.1.5930]

681. Greven MA, Moshfeghi DM. Incontinentia pigmenti with 
secondary Raynaud's phenomenon: a case report and review of the 
literature. Am J Ophthalmol Case Reports 2017; 6: 27e29. [PMID: 
29260049]; [DOI: 10.1016/j.ajoc.2016.12.012]

682. Nogueira AR, Leve F, Morgado-Diaz J, Tedesco RC, Pereira MC. 
Effect of Toxoplasma gondii infection on the junctional complex 



316

Prandota J. Raynaud’s phenomenon and latent Toxoplasma gondi  infection

of retinal pigment epithelial cells. Parasitology 2016; 143(5): 568-
575. [DOI: 10.1017/S0031182015001973]

683. Spekker-Bosker K, Ufermann KM, Oldenburg M, Daubener W, 
Eller SK. Interplay between IDO1 and iNOS in human retinal 
pigment epithelial cells. Med Microbiol Immunol 2019; 208(6): 
811-824. [DOI: 10.1007/s00430-019-00627-4]

684. Nohé B, Burchard M, Zanke C, Eichner M, Krump-Konvalinkova 
V, Kirkpatrick CJ, Dieterich HJ. Endothelial accumulation of 
hydroxyethyl starch and functional consequences on leukocyte-
endothelial interactions. Eur Surg Res 2002; 34: 364-372. [DOI: 
10.1159/000064005]

685. Hans-Jürgen D, Weissmüller T, Rosenberger P, Holger KE. Effect 
of hydroxyethyl starch on vascular leak syndrome and neutrophil 
accumulation during hypoxia. Crit Care Med 2006; 34(6): 1775-
1782. [DOI: 10.1097/01.CCM.0000218814.77568]

686. Lang JD Jr, Figueroa M, Chumley P, Aslan M, Hurt J, Tarpey 
MM, Alvarez B, Radi R, Freeman BA. Albumin and hydroxyethyl 
starch modulate oxidative inflammatory injury to vascular 
endothelium. Anesthesiology 2004; 100(1): 51-58. [PMID: 
14695724]; [DOI: 10.1097/00000542-200401000-00012]

687. Eiserich JP, Baldus S, Brennan M-L, Ma W, Zhang C, Tousson 
A, Castro L, Lusis AJ, Nauseef WM, White CR, Freeman 
BA. Myeloperoxidase, a leukocyte-derived vascular NO 
oxidase. Science 2002; 296(5577): 2391-2394. [DOI: 10.1126/
science.1106830]

688. Joiner KA, Dubremetz JF. Toxoplasma gondii: a protozoan for 
the nineties. Infect Immun 1993; 61(4): 1169-1172. [PMID: 
8454321]; [DOI: 10.1128/IAI.61.4.1169-1172.1993]

689. Lambert H, Dellacasa-Lindberg I, Barragan A. Migratory 
responses of leukocytes infected with Toxoplasma gondii. 
Microbes Infect  2011;  13(1):  96-102.  [DOI:  10.1016/
j.micinf.2010.10.002]

690. Lambert H, Vutova PP, Adams WC, Loré K, Barragan A. The 
Toxoplasma gondii-shuttling function of dendritic cells is linked 
to the parasite genotype. Infect Immun 2009; 77(4): 1679-1688. 
[PMID: 19204091]; [DOI: 10.1128/IAI.01289-08]

691. Bierly AL, Shufesky WJ, Sukhumavasi W, Morelli AE, Denkers 
EY. Dendritic cells expressing plasmacytoid marker PDCA-1 are 
Trojan horses during Toxoplasma gondii infection. J Immunol 
2008; 181(12): 8485-8491. [PMID: 19050266]; [DOI: 10.4049/
jimmunol.181.12.8485]

692. Persson EK, Agnarson AM, Lambert H, Hitziger N, Yagita H, 
Chambers BJ, Barragan A, Grandien A. Death receptor ligation 
or exposure to perforin trigger rapid egress of the intracellular 
parasite Toxoplasma gondii. J Immunol 2007; 179(12): 8357-
8365. [PMID: 18056381]; [DOI: 10.4049/jimmunol.179.12.8357]

693. Lambert H, Barragan A. Modelling parasite dissemination: host 
cell subversion and immune evasion by Toxoplasma gondii. 
Cell Microbiol 2010; 12(3): 292-300. [DOI: 10.1111/j.1462-
5822.2009.01417.x]

694. Deusch E, Gamsjäger T, Kress HG, Kozek-Langenecker 
SA. Binding of hydroxyethyl starch molecules to the platelet 
surface. Anesth Analg 2003; 97: 680-683. [DOI: 10.1213/01.
ANE.0000073353.31894.BE]

695. Deusch E, Thaler U, Kozek-Langenecker SA. The effects 
of high molecular weight hydroxyethyl starch solutions on 
platelets. Anesth Analg 2004; 99(3): 665-668. [DOI: 10.1213/01.
ANE.0000130349.99727.58]

696. Stögermuller B, Stark J, Willschke H, Felfering M, Hoerauf K, 
Kozek-Langenecker SA. The effect of hydroxyethyl starch 200 kD 
on platelet function. Anesth Analg 2000; 91(4): 823-827. [PMID: 
11004032]; [DOI: 10.1097/00000539-200010000-00010]

697. Franz A, Bräunlich P, Gamsjäger T, Felfering M, Gustorff B, 
Kozek-Langenecker SA. The effects of hydroxyethyl starches of 
varying molecular weight on platelet function. Anesth Analg 2001; 
92(6): 1402-1407. [PMID: 11375812]; [DOI: 10.1097/00000539-
200106000-00008]

698. Treib J, Haass A, Pindur G, Treib W, Wenzel E, Schimrigk K. 
Influence of intravascular molecular weight of hydroxyethyl 
starch on platelets. Eur J Haematol 1996; 56(3): 168-172. [PMID: 
8598237]; [DOI: 10.1111/j.1600-0609.1996.tb01337.x]

699. Boldt J, Knothe C, Zickmann B, Andres P, Dapper F, Hempelmann 
G. Influence of different intravascular volume therapies on 
platelet function in patients undergoing cardiopulmonary bypass. 
Anesth Analg 1993; 76(6): 1185-1190. [PMID: 7684579]; [DOI: 
10.1213/00000539-199376060-00002]

700. Gamsjäger T, Gustorff B, Kozek-Langenecker S. Effects of 
hydroxyethyl starches on intracellular calcium in platelets. 
Anesth Analg 2002; 95(4): 866-869. [PMID: 12351258]; [DOI: 
10.1097/00000539-200210000-00013]

701. Wilkes NJ, Woolf RL, Powanda MC, Gan TJ, Machin SJ, Webb A, 
Mutch M, Bennett-Guerrero E, Mythen M. Hydroxyethyl starch 
in balanced electrolyte solution (Hextend®): pharmacokinetic and 
pharmacodynamic profiles in healthy volunteers. Anesth Analg 
2002; 94(3): 538-544. [DOI: 10.1097/00000539-200203000-
00011]

702. Hayward CP, Harrison P, Cattaneo M, Ortel TL, Rao AK. Platelet 
function analyzer (PFA)-100 closure time in the evaluation 
of platelet disorders and platelet function. J Thromb Haemost 
2006; 4(2): 312-319. [PMID: 16420557]; [DOI: 10.1111/j.1538-
7836.2006.01771.x]

703. Vouldoukis I, Mazier D, Moynet D, Thiolat D, Malvy D, 
Mossalayi MD. IgE mediates killing of intracellular Toxoplasma 
gondii by human macrophages through CD23-dependent, 
interleukin-10 sensitive pathway. PLoS ONE 2011; 6(4): e18289. 
[DOI: 10.1371/journal.pone.00118289]

704. Durante W, Peyton KJ, Schafer AI. Platelet-derived growth 
factor stimulates heme oxygenase-1 gene expression and carbon 
monoxide production in vascular smooth muscle cells. Arterioscler 
Thromb Vasc Biol 1999; 19(11): 2666-2672. [PMID: 10559009]

705. Durante W, Schini VB, Kroll MH, Catovsky S, Scott-Burden 
T, White JG, Vanhoutte PM, Schafer AI. Platelets inhibit the 
induction of nitric oxide synthesis by interleukin-1b in vascular 
smooth muscle cells. Blood 1994; 83(7): 1831-1838. [PMID: 
8142651]

706. Mital A. Acquired von Willebrand syndrome. Adv Clin Exp Med 
2016; 25(6): 1337-1344. [DOI: 10.17219/acem/64942]

707. Strauss RG, Stump DC, Henriksen RA: Hydroxyethyl starch 
accentuates von Willebrand’s disease. Transfusion 1985; 
25(3): 235-237. [PMID: 2408363]; [DOI: 10.1046/j.1537-
2995.1985.25385219904.x]

708. Collis RE, Collins PW, Gutteridge CN, Kaul A, Newland AC, 
Williams DM, Webb AR. The effect of hydroxyethyl starch and 
other plasma volume substitutes on endothelial cell activation: an 
in vitro study. Intensive Care Med 1994; 20(1): 37-41. [PMID: 
7513003]; [DOI: 10.1007/BF02425053]

709. Lison S, Dietrich W, Spannagl M. Review article: unexpected 
bleeding in the operating room: the role of acquired von 
Willebrand disease. Anesth Analg 2012; 114(1): 73-81. [DOI: 
10.1213/ANE.0b013e318236b16a]

710. Federici AB. Acquired von Willebrand syndrome associated with 
hypothyroidism: a mild bleeding. Semin Thromb Hemost 2011; 
37(1): 35-40. [DOI: 10.1055/s-0030-1270069]

711. Franchini M, Mannuccio Mannucci P. Acquired von Willebrand 
syndrome: focused for hematologists. Haematologia 2020; 105(8): 
2032-2037. [DOI: 10.3324/haematol.2020.255117].

712. Will AM. Acquired von Willebrand syndrome in childhood and 
adolescence. J Coag Disord 2009; 1(1): 1-10.

713. Loeffelbein F, Funk D, Nakamura L, Zieger B, Grohmann J, 
Siepe M, Kroll J, Stiller B. Shear-stress induced acquired von 
Willebrand syndrome in children with congenital heart disease. 
Interact CardioVasc Thor Surg  2014; 19(6): 926-932. [DOI: 
10.1093/icvts/ivu305]

714. Icheva V, Nowak-Machen M, Budde U, Jaschonek K, Neunhoeffer 



317

Prandota J. Raynaud’s phenomenon and latent Toxoplasma gondi  infection

F, Kumpf M, Hofbeck M, Schlensak C, Wiegand G. Acquired von 
Willebrand syndrome in congenital heart disease surgery: results 
from an observational case-series. J Thromb Haemost 2018; 
16(11): 2150-2158. [DOI: 10.1111/jth.14208]

715. Mehta R, Athar M, Girgis S, Hassan A, Becker RC. Acquired Von 
Willebrand syndrome (AVWS) in cardiovascular disease: a state 
of the art review for clinicians. J Thromb Thrombolysis 2019; 
48(1): 14-26. [PMID: 31004311]; [DOI: 10.1007/s11239-019-
01849-2]

716. Horiuchi H, Doman T, Kokame K, Saiki Y, Matsumoto M. 
Acquired von Willebrand syndrome associated with cardiovascular 
diseases. J Atheroscler Thromb 2019; 26(4): 303-314. [PMID: 
30867356]; [DOI: 10.5551/jat.RV17031]

717. Michiels JJ, Berneman Z, Gadisseur A, van der Planken M, 
Schroyens W, Budde U, van Vliet HHDM. Immune-mediated 
etiology of acquired von Willebrand syndrome in systemic 
lupus erythematosus and in benign monoclonal gammopathy: 
therapeutic implications. Semin Thromb Hemost 2006; 32(6): 
577-588 [PMID: 16977568]; [DOI: 10.1055/s-2006-949663]

718. Eberl W, Budde U, Bentele K, Christen H-J, Knapp R, Mey A, 
Schneppenheim R. Acquired von Willebrand syndrome as side 
effect of valproic acid therapy in children is rare. Hämostaseologie 
2009; 29(2): 137-142. [PMID: 19404518]; [DOI: 10.1055/S-0037-
1617026]

719. Serdaroglu G, Tutuncuoglu S, Kavakli K, Tekgul H. Coagulation 
abnormalities and acquired von Willebrand's disease type 1 in 
children receiving valproic acid. J Child Neurol 2002; 17(1): 41-
43. [PMID: 11913569]; [DOI: 10.1177/088307380201700110]

720. Huynh MH, Liu B, Henry M, Liew L, Matthews SJ, Carruthers 
VB. Structural basis of Toxoplasma gondii MIC2-associated 
protein interaction with MIC2. J Biol Chem 2015; 290(3): 1432-
1441. [DOI: 10.1074/jbc.M114.613646]

721. Tonkin ML, Grujic O, Pearce M, Crawford J, Boulanger 
MJ. Structure of the micronemal protein 2 A/I domain from 
Toxoplasma gondii. Protein Science 2010; 19(10): 1985-1990. 
[PMID: 20684023]; [DOI: 10.1002/pro.477]

722. Song G, Springer TA. Structures of the Toxoplasma gliding 
motility adhesion. PNAS 2014; 111(13): 4862-4867. [DOI: 
/10.1073/pnas.1403059111],

723. Fichera ME, Roos DS. A plastid organelle as a drug target in 
apicomplexan parasites. Nature 1997; 390(6658): 407-409. 
[PMID: 9389481]; [DOI: 10.1038/37132]

724. Chang HR, Comte R, Pechère JC. In vitro and in vivo effects 
of doxycycline on Toxoplasma gondii. Antimicrob Agents 
Chemother 1990; 34(5): 775-780. [PMID: 2360817]; [DOI: 
10.1128/AAC.34.5.775]

725. Feliciano-Alfonso JE, Vargas-Villanueva A, Marín MA, Triviño L, 
Carvajal N, Moreno M, Luna T, Lopez de Mesa C, Munoz-Ortis 
J, de-la-Torre A. Antibiotic treatment for ocular toxoplasmosis: 
a systematic review and meta-analysis: study protocol. Syst Rev 
2019; 8(1): 146. [PMID: 31221217]; [DOI: 10.1186/s13643-019-
1067-8]

726. Castaman G, Lattuada A, Mannucci PM, Rodeghiero F. 
Characterization of two cases of acquired transitory von 
Willebrand syndrome with ciprofloxacin: Evidence for heightened 
proteolysis of von Willebrand factor. Am J Hematol 1995; 49: 83-
86. [PMID: 7741144]; [DOI: 10.1002/ajh.2830490114]

727. Pilmore HL, Walker RJ. Prolonged bleeding time during 
ciprofloxacin therapy. J Clin Pharm Ther 1995; 20(1): 45-46. 
[DOI: 10.1111/j.1365-2710.1995.tb00625.x]

728. Dincel GC, Atmaca HT. Increased expressions of ADAMTS-13 
and apoptosis contribute to neuropathology during Toxoplasma 
gondii encephalitis in mice. Neuropathology 2016; 36(3): 211-
226. [PMID: 26542631]; [DOI: 10.1111/neup.12263]

729. Dincel GC, Atmaca HT. Role of oxidative stress in the 
pathophysiology of Toxoplasma gondii infection. Intl J 
Immunopathol Pharmacol 2016; 29(2): 226-240. [DOI: 

10.1177/0394632016638668]
730. Khurana S, Coffey MJ, John A, Uboldi AD, Huynh MH, Stewart 

RJ, Carruthers VB, Tonkin CJ, Goddard-Borger ED, Scott NE. 
Protein O-fucosyltransferase 2-mediated O-glycosylation of the 
adhesin MIC2 is dispensable for Toxoplasma gondii tachyzoite 
infection. J Biol Chem 2019; 294(5): 1541-1553. [DOI: 10.1074/
jbc.RA118.005357]

731. Bernardo A, Ball C, Nolasco L, Moake JF, Dong JF. Effects 
of inflammatory cytokines on the release and cleavage of 
the endothelial cell-derived ultralarge von Willebrand factor 
multimers under flow. Blood 2004; 104(1): 100-106. [PMID: 
15026315]; [DOI: 10.1182/blood-2004-01-0107]

732. Turner N, Nolasco L, Tao Z, Dong JF, Moake J. Human 
endothelial cells synthesize and release ADAMTS-13. J 
Thromb Haemost 2006; 4(6): 1396-1404. [DOI: 10.1111/j.1538-
7836.2006.01959.x]

733. Moake  J .  Thrombot ic  microangiopath ies :  mul t imers , 
metalloprotease, and beyond. Clin Translat Sci 2009; 2(5): 366-
373. [DOI: 10.1111/j.1752-8062.2009.00142.x]

734. Turner N, Nolasco L, Dong JF, Moake J. ADAMTS-13 cleaves 
long von Willebrand factor multimeric strings anchored to 
endothelial cells in the absence of flow, platelets or conformation 
altering chemicals. J Thromb Haemost 2009; 7(1): 229-232. 
[PMID: 18983500]; [DOI: 10.1111/j.1538-7836.2008.03209.x]

735. Mannucci M, Vanoli M, Forza I, Canciani MT, Scorza R. 
Von Willebrand factor cleaving protease (ADAMTS-13) in 
132 patients with connective tissue diseases (systemic lupus 
erythematosus and systemic sclerosis). Thromb Haematol 2003; 
88(8): 914-918. [PMID: 12935979]

736. Bartoli CR, Kang J, Restle DJ, Zhang DM, Shabahang C, Acker 
MA, Atluri P. Inhibition of ADAMTS-13 by doxycycline reduces 
von Willebrand factor degradation during supraphysiological shear 
stress therapeutic implications for left ventricular assist device-
associated bleeding. JACC: Heart Failure 2015; 3(11): 860-869. 
[DOI: 10.1016/j.jchf.2015.06.016]

737. Hayakawa M, Takano K, Kayashima M, Kasahara M, Fukushima 
H, Matsumoto M. Management of a COVID-19 patient during 
ECMO: paying attention to acquired von Willebrand syndrome. 
J Atheroscler Thromb 2021; 28(4): 396-401. [PMID: 33116032]; 
[DOI: 10.5551/jat.58362]

738. Kornblau IS, El-Annan JF. Adverse reactions to fluorescein 
angiography: A comprehensive review of the literature. Surv 
Ophthalmol 2019; 64(5): 679-693. [PMID: 30772364]; [DOI: 
10.1016/j.survophthal.2019.02.004]

739. Su Z, Ye P, Teng Y, Zhang L, Shu X. Adverse reaction in patients 
with drug allergy history after simultaneous intravenous fundus 
fluorescein angiography and indocyanine green angiography. 
Ocul Pharmacol Ther 2012; 28(4): 410-413. [DOI: 10.1089/
jop.2011.0221]

740. Yannuzzi LA, Rohrer KT, Tindel LJ, Sobel RS, Costanza MA, 
Shields W, Zang E. Fluorescein angiography complication survey. 
Ophthalmology 1986; 93(5): 611-617. [PMID: 3523356]; [DOI: 
10.1016/s0161-6420(86)33697-2]

741. Cavalcanti Lira RP, de Andrade Oliveira CL, Ribeiro Brito  
Marques MV, Rocha Silva A, de Carvalho Pessoa C. Adverse 
reactions of fluorescein angiography: a prospective study. Arq 
Bras Oftalmol 2007; 70(4): 615-618. [PMID: 17906757]; [DOI: 
10.1590/s0004-27492007000400011]

742. Meira J, Marques ML, Falcão-Reis F, Rebelo Gomes E, Carneiro 
A. Immediate reactions to fluorescein and indocyanine green 
in retinal angiography: review of literature and proposal for 
patient’s evaluation. Clin Ophthalmol 2020: 14: 171-178. [PMID: 
32021082]; [DOI: 10.2147/OPTH.S234858]

743. Blaise P, Ribbens C, Rakic JM. Fluorescein-induced Raynaud’s 
phenomenon. Acta Ophthalmol Scand 2007; 85(8): 910-911. 
[DOI: 10.1111/j.1600-0420.2007.00953.x]

744. Schmutz J-L, Barbaud A, Tréchot P. [Intravenous fluorescein and 



318

Prandota J. Raynaud’s phenomenon and latent Toxoplasma gondi  infection

Raynaud’s phenomenon]. Ann Dermatol Vénéréol 2009; 136(1): 
96. [PMID:19171245]; [DOI: 10.1016/annder.2008.10.025]

745. Phatak S, Jaison J, Soman M, Mohan A, Nair RU. Retinal 
vasospastic phenomenon in a known case of systemic lupus 
erythematosus. Indian J Ophthalmol 2020; 68(11): 2575-2577. 
[PMID: 33120697]; [DOI: 10.4103/ijo.IJO_161_20]

746. Rockey JH, Li W, Eccleston JF. Binding of fluorescein and 
carboxyfluorescein by human serum proteins: significance of 
kinetic and equilibrium parameters of association in ocular 
fluorometric studies. Exp Eye Res 1983; 37(5): 455-466. [PMID: 
6671474]; [DOI: 10.1016/0014-4835(83)90021-0]

747. Church WR, Rawitch AB, Ebner KE. The fluorescein-mediated 
interaction of bovine serum albumin with fluorescent derivatives 
of prolactin and other polypeptides in polarization of fluorescence 
based assays. Arch Biochem Biophys 1981; 206(2): 285-290. 
[PMID: 6784680]; [DOI: 10.1016/0003-986(81)90093-x]

748. Norose K, Mun HS, Aosai A, Chen M, Piao LX, Kobayashi 
M, Iwakura Y, Yano A. IFN-γ-regulated Toxoplasma gondii 
distribution and load in the murine eye. Invest Ophthalmol Vis 
Sci 2003; 44(10): 4375-4381. [PMID: 14507882]; [DOI: 10.1167/
iovs.03-0156]

749. Kim JH, Song HB, Kim JH, Choi MH, Jung BK, Lee JH. 
Investigation of tissue cysts in the retina in a mouse model of 
ocular toxoplasmosis: distribution and interaction with glial cells. 
Parasitol Res 2018; 117: 2597-2605. [DOI: 10.1007/s00436-018-
5950-3]

750. Harrington BC, Jimerson M, Haxton C, Jimerson DC. Initial 
evaluation, diagnosis, and treatment of anorexia nervosa and 
bulimia nervosa. Am Fam Physician 2015; 91(1): 46-52. [PMID: 
25591200]

751. Sachs KV, Harnke B, Mehler PS, Krantz MJ. Cardiovascular 
complications of anorexia nervosa: A systematic review. Int J Eat 
Disord 2016; 49(3): 238-248. [PMID: 26710932]; [DOI: 10.1002/
eat.22481]

752. Breuer C, Fisch-Kohl C, Kemper MJ, Debus ES, Atlihan G. 
An anorexic girl with severe peripheral vasospasm. J Pediatr 
2014; 164(1): 201-202. [PMID: 24112860]; [DOI: 10.1016/
j.jpeds.2013.08.09]

753. Bhanji S, Mattingly D. Acrocyanosis in anorexia nervosa. 
Postgrad Med J 1991; 67(783): 33-35. [PMID: 2057423]; [DOI: 
10.1136/pgmj.67.783.33]

754. Luck P, Wakeling A. Increased cutaneous vasoreactivity to cold 
in anorexia nervosa. Clin Sci (Lond)1981; 61(5): 59-567. [PMID: 
7285502]; [DOI: 10.1042/cs0610559]

755. Norris ML, Harrison ME, Isserlin L, Robinson A, Feder S, 
Sampson M. Gastrointestinal complications associated with 
anorexia nervosa: a systematic review. Int J Eat Disord 2016; 
49(3): 216e37. [PMID: 26407541]; [DOI: 10.1002/eat.22462]

756. Deschner EL, Janice L. Barkey JL, Harrison ME. Celiac disease 
and anorexia nervosa: a case report. Int J Pediatr Adolesc Med 
2017; 4(4): 144-146. [DOI: 10.1016/j.ijpam.2017.09.001]

757. Marild K, Stordal K, Bulik CM, Rewers M, Ekbom A, Liu E, 
Ludvigsson JF. Celiac disease and anorexia nervosa: a nationwide 
study. Pediatrics 2017; 139(5): e20164367. [PMID: 28557761]; 
[DOI: 10.1542/peds.2016-4367]

758. Golden NH, Park KT. Celiac disease and anorexia nervosa - an 
association well worth considering. Pediatrics 2017; 139(5): 
e20170545. [DOI: 10.1542/peds.2017-0545].

759. Fasano A. Clinical presentation of celiac disease in the pediatric 
population. Gastroenterology 2005; 128(4 Suppl 1): S68-S73. 
[PMID: 15825129]; [DOI: 10.1053/j. gastro.2005.02.015]

760. De Martinis M, Sirufo MM, Ginaldi L. Raynaud's phenomenon 
and nailfold capillaroscopic findings in anorexia nervosa. Curr 
Med Res Opin 2018; 34(3): 547-550. [PMID: 29292666]; [DOI: 
0.1080/03007995.2017.1417828]

761. Wang A, Huen SC, Luan HH, Yu S, Zhang C, Gallezot JD, 
Booth CJ, Medzhitov R. Opposing effects of fasting metabolism 

on tissue tolerance in bacterial and viral inflammation. Cell 
2016; 166(6): 1512-1525. [PMID: 27610573]; [DOI: 10.1016/
j.cell.2016.07.026]

762. Rao S, Schieber AMP, O’Connor CP, Leblanc M, Michel D, 
Ayres JS. Pathogen-mediated inhibition of anorexia promotes 
host survival and transmission. Cell 2017; 168: 503-516. [PMID: 
28129542]; [DOI: 10.1016/j.cell.2017.01.006]

763. Evans WJ, Morley JE, Argilés J, Bales C, Baracos V, Guttridge 
D, Jatoi A, Kalantar-Zadeh K, Lochs H, Mantovani G, Marks D, 
Mitch WE, Muscaritoli M, Najand A, Ponikowski P, Fanelli FR, 
Chambelan M, Schols A, Schuster M, Thomas D, Wolfe R, Anker 
SD. Cachexia: a new definition. Clin Nutr 2008; 27(6): 793-799. 
[PMID 18718696]; [DOI: 10.1016/j.clnu.2008.06.013]

764. Melchor SJ, Hatter JA, LaTorre Castillo EA, Saunders CM, 
Byrnes KA, Sanders I, Abebayehu D, Barker T, Coutermarsh-Ott 
S, Ewald SE. Cachexia and fibrosis are costs of chronic IL-1R-
mediated disease tolerance in T. gondii infection. bioRxiv 2019; 
PPR93824. [DOI: 10.1101/783316]

765. von Haehling S, Anker MS, Anker SD. Prevalence and clinical 
impact of cachexia in chronic illness in Europe, USA, and Japan: 
facts and numbers update. J Cachexia Sarcopenia Muscle 2016; 
7(5): 507-509. [PMID: 27891294] [DOI: 10.1002/jcsm.12167]

766. Schreiner M, Liesenfeld O. Small intestinal inflammation 
following oral infection with Toxoplasma gondii does not occur 
exclusively in C57BL/6 mice: Review of 70 reports from the 
literature. Mem Inst Oswaldo Cruz 2009; 104: 221-233. [PMID: 
19430647]; [DOI: 10.1590/S0074-02762009000200015]

767. Egan CE, Cohen SB, Denkers EY. Insights into inflammatory 
bowel disease using Toxoplasma gondii as an infectious trigger. 
Immunol Cell Biol 2012; 90(7): 668-675. [DOI: 10.1038/
icb.2011.93]

768. Arsenijevic D, Girardier L, Seydoux J, Pechere JC, Garcia I, 
Lucas R, Chang HR, Dulloo AG. Metabolic-cytokine responses 
to a second immunological challenge with LPS in mice with T. 
gondii infection. Am J Physiol 1998; 274(3 Pt 1): E439-E45. 
[PMID: 9530126]; [DOI: 10.1152/ajpendo.1998.274.3.E439]

769. Arsenijevic D, Girardier L, Seydoux J, Chang HR, Dulloo AG. 
Altered energy balance and cytokine gene expression in a murine 
model of chronic infection with Toxoplasma gondii. Am J Physiol 
1997; 272(5 Pt1): E908-E917. [PMID: 9176193]; [DOI: 10.1152/
ajpendo.1997.272.5.E908]

770. Melchor SJ, Saunders CM, Sanders I, Hatter JA, Byrnes KA, 
Coutermarsh-Ott S, Ewald SE. IL-1R regulates disease tolerance 
and cachexia in Toxoplasma gondii infection. J Immunol 2020; 
ji2000159. [PMID: 32350081] [DOI: 10.4049/jimmunol.2000159]

771. Robert-Gangneux F, Darde ML. Epidemiology and diagnostic 
strategies for toxoplasmosis. Clin Microbiol Rev 2012; 25(2): 
264-296. [DOI: 10.1128/CMR.05013-11]

772. de Matos-Neto EM, Lima JD, de Pereira WO, Figuerêdo RG, 
dos R. Riccardi DM, Radloff K, das Neves RX, Camargo RG, 
Maximiano RF, Tokeshi F, Otoch JP, Goldszmid R, Camara 
NOS, Trinchieri G, de Alcantara PSM, Seelaender M. Systemic 
Inflammation in cachexia - is tumor cytokine expression profile 
the culprit? Front Immunol 2015; 6: 629. [DOI: 10.3389/
fimmu.2015.00629]

773. Gillberg C. Are autism and anorexia nervosa related? Brit J 
Psychiatry 1983; 142: 428. [PMID: 6850191]; [DOI: 10.1192/
bjp.142.4.428b]

774. Gesi C, Carmassi C, Luciano M, Bossini L, Ricca V, Fagiolini 
A, Maj M, Dell’Osso L. Autistic traits in patients with anorexia 
nervosa, bulimia nervosa or binge eating disorder: a pilot study. 
Europ Psychiatry 2017; 41(S1): pp. S100. [DOI: 10.1016/
j.eurpsy.2017.01.310]

775. Nayeri T, Sarvi S, Moosazadeh M, Hosseininejad Z, Sharif  M, 
Amouei A, Daryani A. Relationship between toxoplasmosis 
and autism: A systematic review and meta-analysis. Microb 
Pathog 2020; 147: 104434. [PMID: 32777351]; [DOI: 10.1016/



319

Prandota J. Raynaud’s phenomenon and latent Toxoplasma gondi  infection

j.micpath.2020.104434]
776. Prandota J. Neuropathological changes and clinical features of 

autism spectrum disorder participants are similar to that reported 
in congenital and chronic cerebral toxoplasmosis in humans and 
mice. Res Autism Spectr Disord 2009; 4(2): 103-118. [DOI: 
10.1016/j.rasd.2009.09.007]

777. Prandota J. Metabolic, immune, epigenetic, endocrine and 
phenotypic abnormalities found in individuals with autism 
spectrum disorders, Down syndrome and Alzheimer disease 
may be caused by congenital and/or acquired chronic cerebral 
toxoplasmosis. Res Autism Spectr Disord 2011; 5(1): 14-59. 
[DOI: 10.16/j.rasd.2010.03.009]

778. Lam A, de Sordi D, Müller HH, Lam MC, Carl A, Kohse KP, 
Philipsen A. Aggravation of symptom severity in adult attention-
deficit/hyperactivity disorder by latent Toxoplasma gondii 
infection: a case-control study. Sci Rep 2020; 10: 14382. [DOI: 
10.1038/s41598-020-71084-w]

779. Kang KM, Choi IU,  Shin DW, Lee YH. Cytokine and 
antibody responses of reactivated murine toxoplasmosis upon 
administration of dexamethasone. Korean J Parasitol 2006; 44(3): 
209-219. [PMID: 16969058]; [DOI: 10.3347/kjp.2006.44.3.209]

780. Casciotti L, Ely KH, Williams ME, Khan IA. CD8+-T-cell 
immmunity against Toxoplasma gondii can be induced but 
not maintained in mice lacking conventional CD4+ T cells. 
Infect Immun 2002; 70: 434-443. [DOI: 10.1128/IAI,70.2.434-
443.2002]

781. Wang X,  Claf l in  J ,  Kang H,  Suzuki  Y.  Importance of 
CD8+Vb8+ T cells in IFN-gamma-mediated prevention of 
toxoplasmic encephalitis in genetically resistant BALB/c mice. 
J Interferon Cytokine Res 2005; 25(6): 338-344. [DOI: 10.1089/
jir.2005.25.338]

782. Agarwal SK, Marshall GD Jr. Dexamethasone promotes type 
2 cytokine production primarily through inhibition of type 1 
cytokines. J Interf Cytokine Res 2001; 21(3): 147-155. [PMID: 
11331037]; [DOI: 10.1089/107999001750133159]

783. Jirapongsananuruk O, Melamed I,  Leung DY. Additive 
immunosuppressive effects of 1, 25-dihydroxyvitamin D3 and 
corticosteroids on TH1, but not TH2, responses. J Allergy Clin 
Immunol 2000; 106(5): 981-985. [PMID: 11080724]; [DOI: 
10.1067/mai.2000.110101]

784. Prandota J. Idiopathic intracranial hypertension may be caused 
by reactivation of latent cerebral toxoplasmosis. Effect of drugs 
and biologic substances. In: Gemma C (ed.) Neuroinflammation. 
Pathogenesis, Mechanisms and Management, Nova Science 
Publishers, New York 2012; pp. 273-336. [ISBN 978-1-61942-
462-3]

785. Lawson I, Burke F, McGeoch K, Nilsson T, Proud G. Hand-arm 
vibration syndrome. In: Baxter P, Aw T, Cockcroft A, Durrington 
P, Harrington J (eds.) Hunters Diseases of Occupations. 10th ed. 
London: Hodder Arnold, 2010, pp. 489-512.

786. van Rijn RM, Huisstede BM, Koes BW, Burdorf A. Associations 
between work-related factors and the carpal tunnel syndrome - a 
systematic review. Scand J Work Environ Health 2009; 35(1): 19-
36. [PMID: 19277433]

787. Pettersson H, Burström L, Nilsson T. Raynaud's phenomenon 
among men and women with noise-induced hearing loss in 
relation to vibration exposure. Noise Health 2014; 16(69): 89-94. 
[PMID: 24804712]; [DOI: 10.4103/1463-1741.132087]

788. Hartmann P, Mohokum M, Schlattmann P. The association of 
Raynaud's syndrome with carpal tunnel syndrome: a meta-
analysis. Rheumatol Int 2012; 32(3): 569-574. [PMID: 21898061]; 
[DOI: 10.1007/s00296-011-2122-5]

789. Cordeiro RA, de Andrade RM. Raynaud’s phenomenon in the 
occupational context. Rev Assoc Med Bras 2019; 65(10): 1314-
1320. [DOI: 10.1590/1806-9282.65.10.1314]

790. Palmer KT, Griffin MJ, Syddall HE, Pannett B, Cooper C, Coggon 
D. Raynaud's phenomenon, vibration induced white finger, and 

difficulties in hearing. Occup Environ Med 2002; 59(9): 640-642. 
[PMID: 12205240]; [DOI: 10.1136/oem.59.9.640]

791. Palmer KT, Bovenzi M. Rheumatic effects of vibration at work. 
Best Pract Res Clin Rheumatol 2015; 29(3): 424-439. [DOI: 
10.1016/j.berh.2015.05.0]

792. www.hse.gov.uk/statistics/causdis/vibration/index.htm
793. Olsen N. Centrally and locally mediated vasomotor activities in 

Raynaud’s phenomenon. Scand J Work Environ Health 1987; 
13(4): 309-312. [PMID: 3324311]; [DOI: 10.5271/sjweh.2047]

794. Wahl U, Kaden I, Köhler A, Hirsch T. Vascular trauma of the 
hand -a systematic review. Vasa 2019; 48(3): 205-215. [DOI: 
10.1024/0301-1526/a000743]

795. Nilsson T, Wahlström J, Burström L. Hand-arm vibration and the 
risk of vascular and neurological diseases - A systematic review 
and meta-analysis. PLoS ONE 2017; 12(7): e0180795. [DOI: 
10.1371/journal.pone.0180795]

796. Sirufo MM, Ginaldi L, De Martinis LM. Raynaud’s phenomenon 
and the nailfold capillaroscopic findings in a guitar player. QJM: 
Int J Med 2019; 112(7): 531-533. [PMID: 31028378]; [DOI: 
10.1093/qjmed/hcz095]

797. Guan W, Lao J, Gu Y, Zhao X, Rui J, Gao K. Case-control study 
on individual risk factors of carpal tunnel syndrome. Exp Ther 
Med 2018; 15(3): 2761-2766. [PMID: 29599825]; [DOI: 10.3892/
etm.2018.5817]

798. Jepsen JR, Simonsen JA. Raynaud’s phenomenon in a slap bass 
player: a case report. Med Probl Perform Art 2016; 31(1): 51-53. 
[PMID: 26966965]; [DOI: 10.21091/mppa.2016.1009]

799. Atashpaz S, Ghabili K. Color triad in guitarist’s fingers: a 
probable case of Raynaud’s phenomenon due to string vibration 
phenomenon. Med Probl Perform Art 2008; 23(3): 143. [DOI: 
10.21091/mppa.2008.3027]

800. Kelemen G. Toxoplasmosis and congenital deafness. AMA 
Arch Otolaryngol 1958; 68(5): 547-561. [DOI: 10.1001/
archotol.1958.00730020569003]

801. Muhaimeed HA. Prevalence of sensorineural hearing loss due 
to toxoplasmosis in Saudi children: a hospital based study. Int J 
Pediatr Otorhinolaryngol 1996; 34(1-2): 1-8. [DOI: 10.1016/0165-
5876(95)01223-0]

802. Noorbakhsh S, Memari F, Farhadi M, Tabatabaei A. Sensorineural 
hearing loss due to Toxoplasma gondii in children: a case-control 
study. Clin Otolaryngol 2008; 33(3): 269-273. [PMID: 18559038]; 
[DOI: 10.1111/j.1749-4486.2008.01687.x]

803. Noorbakhsh S, Farhadi M, Daneshi A, Tabatabaei A, Jomeh 
EH, Ghavami Y. Associations between antibodies against the 
endothelial cell and T. gondii; cytomegalovirus in serum of 
children with cochlear implant surgery. J AIDS Clin Res 2013; 4: 
3. [DOI: 10.4172/2155-6113.1000197]

804. Andrade GM, Resende LM, Goulart EM, Siqueira AL, Vitor RW, 
Januario JN. Hearing loss in congenital toxoplasmosis detected by 
newborn screening. Braz J Otorhinolaryngol 2008; 74(1): 21-28. 
[PMID: 1839]; [DOI: 10.1016/s1808-8694(15)30746-1]

805. de Castro Corrêa C, Maximino LP, Weber SA. Hearing disorders 
in congenital toxoplasmosis: a literature review. Int Arch 
Otorhinolaryngol 2018; 22(3): 330-333. [PMID: 29983776]; 
[DOI: 10.1055/s-0037-1605377]

806. McGee T, Wolters C, Stein L, Kraus N, Johnson D, Boyer K, 
Mets M, Roizen N, Beckman J, Meier P. Absence of sensorineural 
hearing loss in treated infants and children with congenital 
toxoplasmosis. Otolaryngol Head Neck Surg 1992; 106(1): 75-80. 
[PMID: 1734373]; [DOI: 10.1177/019459989210600131]

807. Schlottmann A, Kleemann D, Kranz K, Schmal G. [Sudden 
deafness and increased toxoplasmosis IgM titer]. Laryngo-
Rhino-Otologie 1996; 75(11): 687-690. [PMID: 9063838]; [DOI: 
10.1055/s-2007-997658]

808. Katholm M, Johnse NJ, Siim C, Willumsen L. Bilateral sudden 
deafness and acute acquired toxoplasmosis. J Laryngol Otology 
1991; 195(2): 115- 118. [DOI: 10.1017/S0022215100115099]



320

Prandota J. Raynaud’s phenomenon and latent Toxoplasma gondi  infection

809. Gross M, Eliashar R, Ben-Yaakov A, Ulmansky R, Elidan J. 
Prevalence and clinical significance of anticardiolipin, anti-beta2-
glycoprotein-1, and anti-heat shock protein-70 autoantibodies in 
sudden sensorineural hearing loss. Audiol Neurootol 2008; 13(4): 
231-238. [PMID: 18259075]; [DOI: 10.1159/000115432]

810. Dobbin CA, Smith NC, Johnson AM. Heat shock protein 70 is a 
potential virulence factor in murine Toxoplasma gondii infection 
via immunomodulation of host NF-κB and nitric oxide. J Immunol 
2002; 169(2): 958-965. [PMID: 12097402]; [DOI: 10.4049/
jimmunol.169.2.958]

811. Fu Y, Cui X, Fan S, Liu J, Zhang X, Wu Y, Liu Q. Comprehensive 
characterization of Toxoplasma acyl coenzyme A-binding protein 
TgACBP2 and its critical role in parasite cardiolipin metabolism. 
mBio 2018; 9: e01597-18. [DOI: 10.1128/mBio.01597-186]

812. Ingegnol F, Ughi N, Crotti C, Mosc M, Tani C. Outcomes, rates 
and predictors of transition of isolated Raynaud’s phenomenon: a 
systematic review and meta-analysis. Swiss Med Wkly 2017; 147: 
w14506. [DOI: 10.4414/smw.2017.144506]

813. Hajas A, Sandor J, Csathy L, Csipo I, Barath S, Paragh G, Seres I, 
Szegedi G, Shoenfeld J, Bodolay E. Vitamin D insufficiency in a 
large MCTD population. Autoimmune Rev 2011; 10(6): 317-324. 
[DOI: 10.1016/j.autrev.2010.11.006]

814. Chung SW, Shin SY, Lee SH, Choi HS, Park MJ, Hong SJ, Lee 
YA. Raynaud`s phenomenon and MMP-7 are clinicoserologic 
biomarkers in patients with connective tissue disease associated 
interstitial lung disease. Res Square 2021. [DOI: 10.21203/
rs.3.rs-20929/v1]

815. Pal B, Gibson C, Passmore J, Griffiths ID, Dick WC. A study 
of headaches and migraine in Sjögren's syndrome and other 
rheumatic disorders. Ann Rheum Dis 1989; 48(4): 312-316. 
[PMID: 2712611]; [DOI: 10.1136/ard.48.4.312]

816. Zahavi I, Chagnac A, Hering R, Davidovich S, Kuritzky A. 
Prevalence of Raynaud's phenomenon in patients with migraine. 
Arch Intern Med 1984; 144(4): 742-744. [PMID: 6143540]

817. Nielsen SL, Parving HH, Hansen JE. Myxoedema and Raynaud's 
phenomenon. Acta Endocrinol (Copenh) 1982; 101(1): 32-34. 
[PMID: 7124291]; [DOI: 10.1530/acta.0.1010032]

818. Batthish M, Costigan C, Killeen OG. Raynaud’s phenomenon as 
a presenting feature of hypothyroidism in an 11-year-old girl. J 
Rheumatol 2009; 36: 1. [DOI: 10.3899/jrheum.080678]

819. Kim Y, Tag HS, Kim GT, Lee SG, Park EK, Park JH, Kweon S, 
Yang SI, Kim JH. Case of Raynaud syndrome after the use of 
methimazole. J Rheum Dis 2018; 25(3): 203-206. [DOI: 10.4078/
jrd.2018.25.3.203]

820. Nakamura Y, Shinozaki N, Hirasawa M, Kato R, Shiraishi K, Kida 
H, Usuda K, Ishikawa T. Prevalence of migraine and Raynaud’s 
phenomenon in Japanese patients with vasospastic angina. Jpn 
Circ J 2000; 64(4): 239-242. [PMID: 10783043]; [DOI: 10.1253/
jcj.64.239]

821. Salacki AJ, Wysokiński A. Raynaud’s phenomenon as a predictor 
of a rare type of coronary artery disease - Prinzmetal angina. Folia 
Cardiol 2017; 12(3): 285-290. [DOI: 10.5603/FC.2017.0055]

822. Jimenez SA, Derk CT. Following the molecular pathways toward 
an understanding of the pathogenesis of systemic sclerosis. Ann 
Intern Med 2004; 140(1): 37-50. [PMID: 14706971]; [DOI: 
10.7326/0003-4819-1-200401060-00010]

823. Trombetta AC, Smith V, Gotelli E, Ghio M, Paolino S, Pizzorni 
C, Vanhaecke A, Ruaro B, Sulli A, Cutolo M. Vitamin D 
deficiency and clinical correlations in systemic sclerosis patients: 
A retrospective analysis for possible future developments. 
PLoS ONE 2017; 12(6): e0179062. [DOI: 10.1371/journal.
pone.017906]

824. Hélou J,  Moutran R, Maatouk I,  Haddad F. Raynaud’s 
phenomenon and vitamin D. Rheumatol Int 2013; 33(3): 751-755. 
[PMID: 22580932]; [DOI: 10.1007/s00296-012-2445-x]

825. Huang AL, Vita JA. Effects of systemic inflammation on 
endothelium-dependent vasodilation. Trends Cardiovasc 

Med 2006; 16(1): 15-20. [PMID: 16387625]; [DOI: 10.1016/
j.tcm.2005.10.002]

826. Prietl BO, Pilz S, Wolf M, Tomaschitz A, Obermayer-Pietsch 
B, Graninger W, Pieber TR. Vitamin D supplementation and 
regulatory T cells in apparently healthy subjects: vitamin D 
treatment for autoimmune diseases? IMAJ 2010; 12(3): 136-139. 
[PMID:20684175]

827. Pelajo CF, Lopez-Benitez J, Miller LC. Vitamin D and 
autoimmune rheumatic disorders. Autoimmune Rev 2010; 9(7): 
507-510. [PMID: 20146942]; [DOI: 10.1016/j.autrev.2010.02.011]

828. Youssef DA, Miller CW, El-Abbassi AM, Cutchins DC, Cutchins 
C, Grant WB, Peiris AN. Antimicrobial implications of vitamin 
D. Dermatoendocrinol 2011; 3(4): 220-229. [PMID: 22259647]; 
[DOI: 10.4161/derm.3.4.15027]

829. Szodoray P, Nakken B, Gaal J, Jonsson R, Szegedi A, Zold E, 
Szegedi G, Brun JG, Gesztelyi R, Zeher M, Bodolay E. The 
complex role of vitamin D in autoimmune diseases. Scand J 
Immunol 2008; 68(3): 261-269. [PMID: 18510590]; [DOI: 
10.1111/j.1365-3083.2008.02127.x]

830. Shoenfeld N, Amital H, Shoenfeld Y. The effect of melanin and 
vitamin D synthesis on the incidence of autoimmune diseases. Nat 
Clin Pract Rheumatol 2009; 5(2): 99-105. [PMID: 19182816]; 
[DOI: 10.1038/ncprheum0989]

831. v a n  E t t e n  E ,  M a t h i e u  C .  I m m u n o r e g u l a t i o n  b y  1 , 
25-dihydroxyvitamin D3: basic concepts. J Steroid Biochem Mol 
Biol 2005; 97(1-2): 93-101. [PMID: 16046118]; [DOI: 10.1016/
j.jsbmb.2005.06.002]

832. Carvalho JF. Anti-vitamin D, vitamin D in SLE. Ann NY Acad 
Sci 2007; 1109(1): 550-557. [PMID: 17785344]; [DOI: 10.1196/
annals.1398.061]

833. van Halteren AG, Tysma OM, van Etten E, Mathieu C, Roep BO. 
1alpha, 25-dihydroxyvitamin D3 or analogue treated dendritic 
cells modulate human autoreactive T cells via the selective 
induction of apoptosis. J Autoimmun 2004; 23(3): 233-239. 
[PMID: 15501394]; [DOI: 10.1016/j.aut,2004.06.004]

834. Arnson Y, Amital H, Shoenfeld Y. Vitamin D and autoimmunity: 
new aetiological and therapeutic considerations. Ann Rheum Dis 
2007; 66(9): 1137-1142. [PMID: 17557889]; [DOI: 10.1136/
ard.2007.069831]

835. Orbach H, Zandman-Goddard G, Amital H, Barak V, Szekanecz 
Z, Szucs G, Dank K, Nagy E, Csepany T, Carvalho JF, Doria A, 
Shoenfeld Y. Novel biomarkers in autoimmune diseases: prolactin, 
ferritin, vitamin D, and TPA levels in autoimmune diseases. Ann 
NY Acad Sci 2007; 1109: 385-400. [PMID: 17785327]; [DOI: 
10.1196/annals.1398.044]

836. Cutolo M. Vitamin D and autoimmune rheumatic diseases. 
Rheumatology (Oxford) 2009; 48(3): 210-212. [PMID: 
18930963]; [DOI: 10.1093/rheumatology/ken394]

837. Cantorna MT, Yu S, Bruce D. The paradoxical effects of vitamin 
D on type 1 mediated immunity. Mol Aspects Med 2008; 29(6): 
369-375. [PMID: 18561994]; [DOI: 10.1016/j.mam.2008.04.004]

838. L e m i r e  J M ,  A r c h e r  D C ,  B e c k  L ,  S p i e g e l b e rg  H L . 
Immunosuppressive actions of 1, 25-dihydroxyvitamin D3: 
preferential inhibition of Th1 functions. J Nutr 1995; 125(6 
Suppl): 1704S-1708S. [PMID: 7782931]; [DOI: 10.1093/jn/125.
suppl_6.1704S]

839. Cannell JJ, Hollis BW, Zasloff M, Heaney RP. Diagnosis 
and  t rea tment  of  v i tamin  D def ic iency.  Exper t  Opin 
Pharmacother 2008; 9(1): 107-118. [PMID: 18076342]; [DOI: 
10.1517/14656566.9.1.107]

840. van Etten E, Branisteanu DD, Verstuyf A, Waer M, Bouillon 
R, Mathieu C. Analogs of 1, 25-dihydroxyvitamin D3 as 
dose-reducing agents for classical immunosuppressants. 
Transplantation 2000; 69(9): 1932-1942. [PMID: 10830234]; 
[DOI: 10.1097/00007890-200005150-00032]

841. Lemire J. 1, 25-dihydroxyvitamin D3 - a hormone with 
immunomodulatory properties. Z Rheumatol 2000; 59(Suppl 1): 



321

Prandota J. Raynaud’s phenomenon and latent Toxoplasma gondi  infection

24-27. [DOI: 10.1007/s003930070034] [PMID: 10769431]
842. Chen S, Sims GP, Chen XX, Gu YY, Lipsky PE. Modulatory 

effects of 1, 25-dihydroxyvitamin D3 on human B cell 
differentiation. J Immunol 2007; 179: 1634-1647. [PMID: 
17641030]; [DOI: 10.4049/jimmunol.179.3.1634]

843. Rockett KA, Brookes R, Udalova I, Vidal V, Hill AV, Kwiatkowski 
D. 1,25 -Dihydroxyvitamin D3 induces nitric oxide synthase and 
suppresses growth of Mycobacterium tuberculosis in a human 
macrophage-like cell line. Infect Immun 1998; 66(11): 5314-5321. 
[PMID: 9784538]; [DOI: 10.1128/IAI.66.11.5314-5321.1998]

844. Filisetti D, Candolfi E. Immune response to Toxoplasma gondii. 
Ann Ist Super Sanita 2004; 40(1): 71-80. [PMID: 15269455]

845. Sarciron ME, Gherardi A. Cytokines involved in toxoplasmic 
encephalitis. Scan J Immunol 2000; 52: 534-543. [PMID: 
11119257]; [DOI: 10.1046/j.1365-3083.2000.00817.x]

846. Nagineni CN, Detrick B, Hooks JJ. Transforming growth 
factor-beta expression in human retinal pigment epithelial 
cells is enhanced by Toxoplasma gondii: a possible role in the 
immunopathogenesis of retinochoroiditis. Clin Exp Immunol 
2002; 128(2): 372-378. [PMID: 11985530]; [DOI: 10.1046/
j.1365-2249.2002.01815.x]

847. Chizzolini C, Brembilla NC, Montanari E, Truchetet ME. Fibrosis 
and immune dysregulation in systemic sclerosis. Autoimmun 
Rev 2011; 10(5): 276-281. [PMID: 20863906]; [DOI: 10.1016/
j.autrev.2010.09.016]

848. Zerr P, Vollath S, Palumbo-Zerr K, Tomcik M, Huang J, Distler A, 
Beyer C, Dees C, Gela K, Distler O, Schett G, Distler JH. Vitamin 
D receptor regulates TGF-β signaling in systemic sclerosis. Ann 
Rheum Dis 2015; 74(3): e20. [PMID: 24448349]; [DOI: 10.1136/
annrheumdis-2013-204376]

849. Connor TB, Roberts AB, Sporn MB, Danielpour D, Dart LL, 
Michels RG, de Bustros S, Enger C, Kato H, Lansing M, Hayashi 
H, Glaser BM. Correlation of fibrosis and transforming growth 
factor-beta type 2 levels in the eye. J Clin Invest 1989; 83(5): 
1661-1666. [PMID: 2708527]; [DOI: 10.1172/JCI114065]

850. Cantorna MT, Mahon BD. Mounting evidence for vitamin D as 
an environmental factor affecting autoimmune disease prevalence. 
Exp Biol Med (Maywood) 2004; 229(11): 1136-1142. [PMID: 
15564440]; [DOI: 10.1177/153537020422901108]

851. Adorini A, Penna G. Control of autoimmune diseases by the 
vitamin D endocrine system. Nature Clin Pract Rheumatol 
2008; 4(8): 404-412. [PMID: 18594491]; [DOI: 10.1038/
ncprheum0855]

852. Ritterhouse LL, Crowe SR, Niewold TB, Kamen DL, Macwana 
SR, Roberts VC. Vitamin D deficiency is associated with an 
increased autoimmune response in healthy individuals and in 
patients with systemic lupus erythematosus. Ann Rheum Dis 
2011; 70(9): 1569-1574. [PMID: 21586442]; [DOI: 10.1136/
ard.2010.148494]

853. de Abreu DA, Eyles D,  Feron F.  Vitamin D,  a  neuro-
immunomodulator: Implications for neurodegenerative and 
autoimmune diseases. Psychoneuroendocrinology 2009; 
34(Suppl 1): S265-S277. [PMID: 19545951]; [DOI: 10.1016/
j.psyneuen.2009.05.023]

854. Osorio-Landa HK, Perez-Diaz I, Laguna-Barcenas S, Lopez-
Navarro JM, Abella-Roa MF, Corral-Orozco M, Mancilla-Ortega 
JM, Martinez-Duarte DA, Morales-Montalvo SI, Muzquiz-Aguirre 
S, Sanches-Landa E. Association of serum vitamin D levels with 
chronic disease and mortality. Nutr Hosp 2020; 37(2): 335-342. 
[PMID: 32054282]; [DOI: 10.20960/nh.02512]

855. Kamen DL, Cooper GS, Bouali H, Shaftman SR, Hollis 
BW, Gilkeson GS. Vitamin D deficiency in systemic lupus 
erythematosus. Autoimmun Rev 2006; 5(2): 114-117. [PMID: 
16431339]; [DOI: 10.1016/j.autrev.2005.05.009]

856. Szodoray P, Tarr T, Bazso A, Poor G, Szegedi G, Kiss E. 
The immunopathological role of vitamin D in patients with 
SLE: data from a single centre registry in Hungary. Scand J 

Rheumatol 2011; 40(2): 122-126. [PMID: 20977384]; [DOI: 
10.3109/03009742.2010.507220]

857. Caramaschi P, Gassa AD, Ruzzenente O, Volpe A, Ravagnani V, 
Tinazzi I, Barausse G, Bambara LM, Biasi D. Very low levels of 
vitamin D in systemic sclerosis patients. Clin Rheumatol  2010; 
29(12): 1419-1425. [PMID: 20454816]; [DOI: 10.1007/s10067-
010-1478-3]

858. Zold E, Szodoray P, Gaal J, Kappelmayer J, Csathy L, Gyimesi 
E, Zeher M, Szegedi G, Bodolay E. Vitamin D deficiency in 
undifferentiated connective tissue disease. Arthritis Res Ther 
2008; 10(5): R123. [PMID: 18928561]; [DOI: 10.1186/ar2533]

859. Cantorna MT. Vitamin D and its role in immunology: multiple 
sclerosis, and inflammatory bowel disease. Progress Biophys 
Mol Biol 2006; 92(1): 60-64. [PMID: 16563470]; [DOI:10.1016/
j.pbiomolbio.2006.02.020]

860. Bang B, Asmussen K, Sørensen OH, Oxholm P. Reduced 
25-hydroxyvitamin D levels in primary Sjögren's syndrome: 
Correlations to disease manifestations. Scand J Rheumatol 
1 9 9 9 ;  2 8 ( 3 ) :  1 8 0 - 1 8 3 .  [ P M I D :  1 0 3 8 0 8 4 1 ] ;  [ D O I : 
10.1080/03009749950154266]

861. Baldini C, Sedie AD, Luciano N, Pepe P, Ferro F, Talarico R. 
Vitamin D in “early” primary Sjögren’s syndrome: does it play a 
role in influencing disease phenotypes? Rheumatol Int 2014; 34: 
1159-1164. [DOI: 10.1007/s00296-013-2872-3]

862. Kivity S, Agmon-Levin N, Zisappl M, Shapira Y, Nagy EV, 
Danko K, Szekanecz Z, Lngevitz P, Shoenfeld Y. Vitamin D and 
autoimmune thyroid diseases. Cell Mol Immunol 2011; 8(3): 243-
247. [PMID: 21278761]; [DOI: 10.1038/cmi.2010.73]

863. Shin DY, Joon K, Kim KJ, Kim D, Hwang S, Lee EJ. Low serum 
vitamin D is associated with anti-thyroid peroxidase antibody 
in autoimmune thyroiditis. Yonsei Med J 2014; 55(2): 476-481. 
[DOI: 10.3349/ymj.2014.55.2.476]

864. D'Aurizio F, Villalta D, Metus P, Doretto P, Tozzoli R. Is vitamin 
D a player or not in the pathophysiology of autoimmune thyroid 
diseases? Autoimmun Rev 2015; 14(5): 363-369. [DOI: 10.1016/
j.autrev.2014.10.008t]

865. Tamer G, Arik S, Tamer I, Coksert D. Relative vitamin D 
insufficiency in Hashimoto's thyroiditis. Thyroid 2011; 21(8): 891-
896. [PMID: 21751884]; [DOI: 10.1089/thy.2009.0200]

866. Togha M, Jahromi SR1 2, Ghorbani Z, Martami F, Seifishahpar  
M. Serum vitamin D status in a group of migraine patients 
compared with healthy controls: A case-control study. Headache 
2018; 58(10): 1530-1540. [PMID: 30341768]; [DOI: 10.1111/
head.13423]

867. Song TJ, Chu MK, Sohn JH, Ahn HY, Lee SH, Cho SJ. Effect 
of vitamin D deficiency on the frequency of headaches in 
migraine. J Clin Neurol 2018; 14(3): 366-373. [DOI: 10.3988/
jcn.2018.14.3.366]

868. Ghorbani Z, Togha  M, Rafiee P, Ahmadi ZS, Magham RR, 
Haghighi S, Jahromi SR, Mahmoudi M. Vitamin D in migraine 
headache: a comprehensive review on literature. Neurol Sci 2019; 
40(12): 2459-2477. [PMID: 31377873]; [DOI: 0.1007/s10072-
019-04021-z]

869. Burt MG, Mangelsdorf  BL, Stranks SN, Mangoni AA. 
Relationship between vitamin D status and autonomic nervous 
system activity. Nutrients 2016; 8(9): 565. [PMID: 27649235]; 
[DOI: 10.3390/nu8090565]

870. Raed A, Bhagatwala J, Zhu H, Pollock NK, Parikh SJ, Huang Y, 
Havens R, Kotak I, Guo DH, Dong Y. Dose responses of vitamin 
D3 supplementation on arterial stiffness in overweight African 
Americans with vitamin D deficiency: A placebo controlled 
randomized trial. PLoS ONE 2017; 12(12): e0188424. [DOI: 
10.1371/journal.pone.0188424]

871. Li J, Chen SY, Liu HH, Yin XD, Cao LT, Xu JH, Li XM, Ye DQ, 
Wang J. Associations of vitamin D receptor single nucleotide 
polymorphisms with susceptibility to systemic sclerosis. Arch 
Med Res 2019; 50(6): 368-376. [PMID: 31678895]; [DOI: 



322

Prandota J. Raynaud’s phenomenon and latent Toxoplasma gondi  infection

10.1016/j.arcmed.2019.09.006]
872. de Azevedo Silva J, Monteiro Fernandes K, Tres Pancotto JA, 

Sotero Fragoso T, Donadi EA, Crovella S, Sandrin-Garcia P. 
Vitamin D receptor (VDR) gene polymorphisms and susceptibility 
to systemic lupus erythematosus clinical manifestations. Lupus 
2013; 22: 1110. [DOI: 10.1177/0961203313500549]

873. Cabral GR, Wang ZT, Sibley LD, DaMatta RA. Inhibition of nitric 
oxide production in activated macrophages caused by Toxoplasma 
gondii infection occurs by distinct mechanisms in different mouse 
macrophage cell lines. Front Microbiol 2018; 9: 1936. [DOI: 
10.3389/fmicb.2018.01936]

874. Mao L, Jin H, Wang M, Hu Y, Chen S, He Q, Chang J, Hong C, 
Zhou Y, Wang D, Miao X, Li Y, Hu B. Neurologic manifestations 
of hospitalized patients with coronavirus disease 2019 in Wuhan, 
China. JAMA Neurol 2020; 77(6): 683-690. [PMID: 32275288]; 
[DOI: 10.1001/jamaneurol.2020.1127]

875. Mancini I, Baronciani L, Artoni A, Colpani P, Biganzoli M, Cozzi 
G, Novembrino C, Boscolo Anzoletti M, De Zan W, Pagliari 
MT, Gualtierotti R, Aliberti S, Panigada M, Grasselli G, Blasi 
F, Peyvandi F. The ADAMTS13-von Willebrand factor axis in 
COVID-19 patients. J Thromb Haemost 2020; 19(2): 513-521. 
[PMID: 33230904] [DOI: 10.1111/jth.15191]

876. Tadkalkar N, Prasad S, Gangodkar S, Ghosh K, Basu A. Dengue 
virus NS1 exposure affects von Willebrand factor profile and 
platelet adhesion properties of cultured vascular endothelial cells. 
Indian J Hematol Blood Transfus 2019; 35(3): 502-506. [DOI: 
10.1007/s12288-018-1058-2]

877. Djamiatun K, van der Ven AJAM, de Groot PG, Faradz SMH, 
Hapsari D, Dolmans WMV, Sebastian S, Fijnheer R, De Mast Q. 
Severe dengue is associated with consumption of von Willebrand 
factor and its cleaving enzyme ADAMTS-13. PLoS Negl Trop Dis 
2012; 6(5): e1628. [DOI: 10.1371/journal.pntd.0001628Kis]

878. Wang S, Lan C, Zhang L, Zhang H, Yao Z, Wang D, Ma J, Deng 
J, Liu S. Seroprevalence of Toxoplasma gondii infection among 
patients with hand, foot and mouth disease in Henan, China: 
a hospital-based study. Infect Dis Poverty 2015; 4: 53. [DOI 
10.1186/s40249-015-0088-3]

879. Wang S, Yao Z, Li H, Li P, Wang D, Zhang H, Xie Q, Zhang Z, Li 
X. Seroprevalence and risk factors of Toxoplasma gondii infection 
in primary school children in Henan province, central China. 
Parasite 2020; 27: 23. [DOI: 10.1051/parasite/2020018]

880. Helms J, Kremer S, Merdji H, Clere-Jehl R, Schenck M, 
Kummerlen C, Collange O, Boulay C, Fafi-Kremer S, Ohana 
M, Anheim M, Meziani F. Neurologic features in severe SARS-
CoV-2 infection. New Engl J Med 2020; 382(23): 2268-2270. 
[PMID: 32294339]; [DOI: 10.1056/NEJMc2008597]

881. Jarrahi A, Ahluwalia M, Khodadadi H, da Silva Lopes Salles 
E, Kolhe R, Hess DC, Vale F, Kumar M, Baban B, Vaibhav K, 
Dhandapani KM. Neurological consequences of COVID-19: what 
have we learned and where do we go from here?. J Neuroinflamm 
2020; 17(1): 286. [PMID: 32998763]; [DOI: doi.org/10.1186/
s12974-020-01957-4]

882. Tremblay ME, Madore C,, Bordeleau M, Tian L, Verkhratsky A. 
Neuropathobiology of COVID-19: The role for glia. Front Cell 
Neurosci 2020; 14: 592214. [PMID: 33304243]; [DOI: 10.3389/
fncel.2020.592214]

883. Al-Hashel JY, Ismail II. Impact of coronavirus disease 2019 
(COVID-19) pandemic on patients with migraine: a web-based 
survey study. J Headache Pain 2020; 21: 115. [DOI: 10.1186/
s10194-020-01183-6]

884. Islam MA, Alam SS, Kundu S, Hossan T, Kamal MA, Cavestro 
C. Prevalence of headache in patients with coronavirus disease 
2019 (COVID-19): a systematic review and meta-analysis of 
14,275 patients. Front Neurol 2020; 11: 562634. [DOI: 10.3389/
fneur.2020.562634]

885. Soares RP, Bydlowski SP, Jatene MB, Hironaka JF, Lopes 
AA.Decreased plasma ADAMTS-13 activity as a predictor of 

postoperative bleeding in cyanotic congenital heart disease. 
Clinics 2013; 68(4): 531-536. [DOI: 10.6061/clinics/2013(04)15]

886. Bongers TN, de Bruijne EL, Dippel DW, de Jong AJ, Deckers 
JW, Poldermans D, de Maat MPM, Leebeek FWG. Lower levels 
of ADAMTS-13 are associated with cardiovascular disease in 
young patients. Atherosclerosis 2009; 207(1): 250-254. [PMID: 
19439298]; [DOI: 10.1016/j.atherosclerosis.2009.04.013]

887. Bertoli F, Veritti D, Danese C, Samassa F, Sarao V, Rassu N, 
Gambato T, Lanzetta P. Ocular findings in COVID-19 patients: a 
review of direct  manifestations and indirect effects on the eye. J 
Ophthalmol 2020; art. ID 4827304. [DOI: 10.1155/2020/4827304]

888. Pirraglia MP, Ceccarelli G, Cerini A, Visioli G, d’Ettorre G, 
Mastroianni CM, Pugliese F, Lambiase A, Gharbiya M. Retinal 
involvement and ocular findings in COVID-19 pneumonia 
patients. Sci Rep 2020; 10: 17419 | [DOI: 10.1038/s41598-020-
74446-6]

889. Douglas KA, Douglas VP, Moschos MM. Ocular manifestations of 
COVID-19 (SARS-CoV-2): a critical review of current literature. 
In vivo 2020; 34: 1619-1628. [DOI: 10.21873/invivo.11952]

890. De Giorgio MR, Di Noia S, Morciano C, Conte D. The impact of 
SARS-CoV-2 on skeletal muscles. Acta Myol 2020; 39: 307-312. 
[DOI: 10.36185/2532-1900-034]

891. Ramani SL, Samet J, Franz CK, Hsieh C, Nguyen CV, Horbinski 
C, Deshmukh S. Musculoskeletal involvement of COVID-19: 
review of imaging. Skeletal Radiol 2021. [DOI: 10.1007/s00256-
021-03734-7]

892. Abdullahi A, Candan SA, Abba MA, Bello AH, Alshehri 
MA, Victor EA, Umar NA, Kundakci B. Neurological and 
musculoskeletal features of COVID-19: a systematic review 
and meta-analysis. Front. Neurol 2020; 11: 687. [DOI: 10.3389/
fneur.2020.00687]

893. Prandota J. Possible link between Toxoplasma gondii and the 
anosmia associated with neurodegenerative diseases. Am J 
Alzheimers Dis Other Demen 2014; 29(3): 205-214. [PMID: 
24413543]; [DOI: 10.1177/1533317513517049]

894. Sibalic D, Djurkovic-Djakovic O. Role of toxoplasmosis in 
the aetiology of some cardiac diseases: an immunobiological 
investigation. J Clin Pathol 1986; 39(2): 204-207. [PMID: 
3950043]; [DOI: 10.1136/jcp.30.2.204]

895. Hidron A, Vogenthaler N, Santos-Preciado JI, Rodriguez-Morales 
AJ, Franco-Paredes C, Rassi A Jr. Cardiac involvement with 
parasitic infections. Clin Microbiol Rev 2010; 23(2): 324-349. 
[DOI: 10.1128/CMR.00054-09]

896. Swierzy IJ, Muhammad M, Kroll J, Abelmann A, Tenter AM, 
Lüder CG. Toxoplasma gondii within skeletal muscle cells: 
a critical interplay for food-borne parasite transmission. Int J 
Parasitol 2014; 44(2): 91-98. [PMID: 24184158]; [DOI: 10.1016/
j.ijpara.2013.10.001]

897. Alvarado-Esquivel C, Salcedo-Jaquez M, Sanchez-Anguiano LF, 
Hernandez-Tinoco JH, Rabago-Sanchez E, Beristain-Garcia I, 
Liesenfeld O, Estrada-Martinez S, Perez-Alamos AR, Alvarado-
Soto E. Association between Toxoplasma gondii exposure and 
heart disease: a case-control study. J Clin Med Res 2016; 8(5): 
402-409. [DOI: 10.14740/jocmr2525w]

898. Jin RM, Blair SJ, Warunek J, Heffner RR, Blader IJ, Wohlfert 
EA. Regulatory T cells promote myositis and muscle damage in 
Toxoplasma gondii infection. J Immunol 2017; 198(1): 352-362. 
[DOI: 10.4049/jimmunol.1600914]

899. Vieira PC, Waghabi MC, Beghini DG, Predes D, Abreu JG, 
Mouly V, Butler-Browne G, Barbosa HS, Adesse D. Toxoplasma 
gondii impairs myogenesis in vitro, with changes in myogenic 
regulatory factors, altered host cell proliferation and secretory 
profile. Front Cell Infect   Microbiol 2019; 9: 395. [DOI: 10.3389/
fcimb.2019.00395]

900. Takacs AC, Swierzy IJ, Lüder CG. Interferon-γ restricts 
Toxoplasma gondii development in murine skeletal muscle cells 
via nitric oxide production and immunity-related GTPases. PLoS 



323

Prandota J. Raynaud’s phenomenon and latent Toxoplasma gondi  infection

ONE 2012; 7(9): e45440. [DOI: 10.1371/journal.pone.0045440]
901. Bossù P, Toppi E, Sterbini V, Spalletta G. Implication of aging 

related chronic neuroinflammation on COVID-19 pandemic. J 
Pers Med 2020; 10: 102. [DOI: 10.3390/jpm10030102]

902. Kaur S, Bansal R, Kollimuttathuillam S, Gowda A, Singh B, 
Mehta D, Maroules M. The looming storm: blood and cytokines in 
COVID-19. Blood Rev 2020. [DOI: 10.1016/j.blre.2020.100743]

903. Ahmed M, Advani S, Moreira A, Zoreti S, Martinez J, Chorath K, 
Acosta S, Naqvi R, Burmeister-Morton F, Burmeister F, Tarriela 
A, Petershack M, Evans M, Hoang A, Rajasekaran K, Ahuja S, 
Moreira A. Multisystem inflammatory syndrome in children: a 
systematic review. E Clin Med 2020; 26: 100527. [DOI: 10.1016/
j.eclinm.2020.100527]

904. Hoang A, Chorath K, Moreira A, Evans M, Burmeister-Morton F, 
Burmeister F, Naqvi R, Petershack M, Moreira A. COVID-19 in 
7780 pediatric patients: A systematic review. E Clin Med  2020; 
24; 100433. [DOI: 10.1016/j.eclinm.2020.100433]

905. Franco-Paredes C, Rouphael N, Mendez J, Folch E, Rodriguez-
Morales AJ, Santos JI, Hurst JW. Cardiac manifestations of 
parasitic infections Part 2: parasitic myocardial disease. Clin 
Cardiol 2007; 30: 218-222. [DOI:10.1002/clc.20091]

906. Wise J. Covid-19: European countries suspend use of Oxford-
AstraZeneca vaccine after reports of blood clots. BMJ 2021; 372: 
n699. [DOI: 10.1136/bmj.n699]

907. P iazza  G,  Morrow DA.  Diagnos is ,  management ,  and 
pathophysiology of arterial and venous thrombosis in COVID-19. 
JAMA 2020; 324(24): 2548-2549. [PMID: 33226423]; [DOI: 
10.1001/jama.2020.23422]

908. Piazza G, Campia U, Hurwitz S, Snyder JE, Rizzo SM, Pfeferman 
MB, Morrison RB, Leiva O, Fanikos J, Nauffal V, Almarzooq Z, 
Goldhaber SZ. Registry of arterial and venous thromboembolic 
complications in patients with COVID-19. J Am Coll Cardiol 
2020; 76(18): 2060-2072. [PMID: 33121712]; [DOI: 10.1016/
j.jacc.2020.08.070]

909. Bikdeli B, Madhavan MV, Jimenez D, Chuich T, Dreyfus I, 
Driggin  E, Nigoghossian CD, Ageno W, Madjid M, Guo Y, 
Tang LV, Hu Y, Giri J, Cushman M, Quere I, Dimakakos EP, 
Gibson CM, Lippi G, Favaloro EJ, Fareed J, Caprini JA, Tafur 
AJ, Burton JR, Francese DP, Wang EY, Falanga A, McLintock C, 
Hunt BJ, Spyropoulos AC, Barnes GD, Eikelboom JW, Weinberg 
I, Schulman S, Carrier M, Piazza G, Beckman JA, Steg PG, 
Stone GW, Rosenkranz S, Goldhaber SZ, Parikh SA, Monreal M, 
Krumholz HM, Konstatinides SV, Weitz JI, Lip GY. COVID-19 
and thrombotic or thromboembolic disease: implications for 
prevention, antithrombotic therapy, and follow-Up: JACC state-
of-the-art review. J Am Coll Cardiol 2020; 75 (23): 2950-2973. 
[PMID: 32311448]; [DOI: 10.1016/j.jacc.2020.04.031]

910. Dhama K, Patel SK, Natesan S, Vora KS, Yatoo MI, Tiwari 
R, Saxena SK, Singh KP, Singh R, Malik YS. COVID-19 in 
the elderly people and advances in vaccination approaches. 
Human Vaccines Immunother 2020; 16(12): 2938-2943. [DOI: 
10.1080/21645515.2020.1842683]

911. Palaiodimos L, Kokkinidis DG, Li W, Karamanis D, Ognibene 
J, Arora S, outher WN, Mantzoros CS. Severe obesity is 
associated with higher in-hospital mortality, in a cohort of 
patients with COVID-19 in the Bronx, New York. Metabolism 
2020; 108: 154262. [PMID: 32422233]; [DOI: 10.1016/
j.metabol.2020.154262]

912. Simonnet A, Chetboun M, Poissy J, Raverdy V, Noulette J, 
Duhamel A, Labreuche J, Mathieu D, Pattou F, Jourdain M. 
High prevalence of obesity in severe acute respiratory syndrome 
coronavirus-2 (SARSCoV-2) requiring invasive mechanical 
ventilation. Obesity (Silver Spring) 2020; 28(7): 1195-1199. 
[PMID: 32271993]; [DOI: 10.1002/oby.22831]

913. Prandota J. Migraine associated with patent foramen ovale may 
be caused by reactivation of cerebral toxoplasmosis triggered by 
arterial blood oxygen desaturation. Int J Neurosci 2010; 120(2): 

81-87. [PMID: 20199198]; [DOI: 103109/00207450903458647]
914. Bhadelia N, Belkina AC, Olson A, Winters T, Urick P, Lin N, 

Rifkin I, Kataria Y, Yuen RR, Sagar M, Snyder-Cappione JE. 
Distinct autoimmune antibody signatures between hospitalized 
acute COVID-19 patients, SARS-CoV-2 convalescent individuals, 
and unexposed pre-pandemic controls. medRxiv preprint 2021. 
[DOI: 10.1101/2021.01.21.21249176]

915. Woodruff MC, Ramonell RP, Lee FE, Sanz I. Clinically 
identifiable autoreactivity is common in severe SARS-CoV-2 
infection. medRxiv preprint 2020; Oct 28. [PMID: 33106819]; 
[DOI: 10.1101/2020.10.21.20216192]

916. Bastard P, Rosen LB, Zhang Q, Michailidis E, Hoffmann HH, 
Zhang Y, et al. Auto-antibodies against type I IFNs in patients with 
life-threatening COVID-19. Science 2020; 370(6516): eabd4585. 
[DOI: 10.1126/science.abd4585]

917. Zuo Y, Estes SK, Ali RA, Gandhi AA, Yalavarthi S, Shi H, Sula 
G, Gockman K, Madison JA, Zuo M, Yadav V, Wang J, Woodard 
W, Lezak SP, Lugogo NL, Smith SA, Morrissey JH, Kanthi Y, 
Knight JS. Prothrombotic autoantibodies in serum from patients 
hospitalized with COVID-19. Sci Transl Med 2020; 12: eabd3876. 
[DOI: 10.1126/scitranslmed.abd3876]

918. Zhang Q, Bastard P, Liu Z, Le Pen J, Moncada-Velez M, Chen 
J, Ogishi M, Sabli IKD, Hodeib S, Corol C, Rosain J, Bilguvar 
K, Ye J, Bolze A, Bigio B, Yang R, Arias AA, Zhou Q, Zhang Y, 
Onodi F, Korniotis S, Karpf L, Philippot Q, Chbihi M, Bonet-
Madin L, Dorgham K, Smith N, Schneider WM, Razooky BS, 
Hoffmann HH, Michailidis E, Moens L, Han JE, Lorenzo L, 
Bizien L, Meade P, Neehus AL, Ugurbil AC, Corneau A, Kerner 
G, Zhang P, Rapaport F, Seeleuthner Y, Manry J, Masson C, 
Schmitt Y, Schlüter A, Le Voyer T, Khan T, Li J, Fellay J, Roussel 
L, Shahrooei M, Alosaimi LF, Mansouri D, Al.-Saud H, Al.-Mulla 
F, Almourfi F, Al.-Muhsen LZ, Alsohime F, Al Turki S, Hasanato 
R, van de Beek D, Biondi A, Bettini LR, D’Angio M, Bonfanti 
P, Imberti L, Sottini A, Paghera S, Quiros-Roldan E, Rossi C, 
Oler AJ, Tompkins MF, Alba C, Vandernoot I, Goffard JC, Smits 
G, Migeotte I, Haerynck F, Soler-Palacin P, Martin-Nalda A, 
Colobran R, Morange PE, Keles S, Cölkesen F, Ozcelik T, Jasar 
KK, Sengolu S, Karabela SN, Rodrigues-Gallego C, Novelli G, 
Hraiech S, Tandjaoui-Lambiotte Y, Duval X, Laouenan C. Inborn 
errors of type I IFN immunity in patients with life-threatening 
COVID-19. Science 2020; 370: 422 eabd4570. [DOI: 10.1126/
science.abd4570]

919. Crespi B, Alcock J. Conflicts over calcium and the treatment of 
COVID-19. Evol Med Publ Health 2021; 149-156. [DOI: 10.1093/
emph/eoaa046]

920. Zhang L, Sun Y, Zeng HL, Wang Q, Jiang X, Shang WJ, Wu Y, Li 
S, Zhang YL, Hao ZN, Chen H, Jin R, Liu W, Li H, Peng K, Xiao 
G. Calcium channel blocker amlodipine besylate is associated 
with reduced case fatality rate of COVID-19 patients with 
hypertension. Cell Discovery 2020; 6(1): 96. [PMID: 33349633]; 
[DOI: 10.1038/s41421-020-00235-0]

921. Solaimanzadeh I. Nifedipine and amlodipine are associated 
with improved mortality and decreased risk for intubation 
and mechanical ventilation in elderly patients hospitalized for 
COVID-19. Cureus 2020; 12(5): e8069. [PMID: 32411566]; 
[DOI: 10.7759/cureus.8069]

922. Straus MR, Bidon M, Tang T, Whittaker GR, Daniel S. FDA 
approved calcium channel blockers inhibit SARS CoV 2 
infectivity in epithelial lung cells. bioRxiv preprint 2020. [DOI: 
10.1101/2020.07.21.214577]

923. Hoagland DA,  Clarke  DJ ,  Møl ler  R,  Han Y,  Yang L, 
Wojciechowicz ML, Lachmann A, Oguntuyo KY, Stevens 
C, Lee B, Chen S, Ma’ayan A, tenOever B. Modulating the 
transcriptional landscape of SARS-CoV-2 as an effective method 
for developing antiviral compounds. BioRxiv preprint 2020. [DOI: 
10.1101/2020.07.12.199687]

924. Di Filippo L, Formenti AM, Rovere-Querini P, Carlucci M, Conte 



324

Prandota J. Raynaud’s phenomenon and latent Toxoplasma gondi  infection

C, Ciceri F, Zangrillo A, Giustina A. Hypocalcemia is highly 
prevalent and predicts hospitalization in patients with COVID-19. 
Endocrine 2020; 68(3): 475-478. [PID: 32533508]; [DOI: 
10.1007/s12020-020-02383-5]

925. Liu J, Han P, Wu J, Gong J, Tian D. Prevalence and predictive 
value of hypocalcemia in severe COVID-19 patients. J 
Infect Public Health 2020; 13: 1224-1228. [DOI: 10.1016/
j.jiph.2020.05.029]

926. Wu Y, Hou B, Liu J, Chen Y, Zhang P. Risk factors associated with 
long-term hospitalization in patients with COVID-19: a single-
centered, retrospective study. Front Med 2020; 7: 315. [DOI: 
10.3389/fmed.2020.00315]

927. Patidar BS, Mukhopadhayay T, Subramanian A, Aggarval R, Soni 
KD, Nischal N, Sahoo D, Surbhi S, Pandey RM, Wig N, Malhotra 
R, Trikha A. The association between hypocalcemia and outcome 
in COVID-19 patients: a retrospective study. Res Square 2020. 
[DOI: 10.21203/rs.3.rs-302159/v1]

928. Torres B, Alcubilla P, Gonzales-Cordon A, Inciarte A, Chumbita 
M, Cardozo C, Meira F, Gimenez M, de Hollanda A, Soriano A. 
Impact of low serum calcium at hospital admission on SARS-
CoV-2 infection outcome. Int J Infect Dis 2021; 104: 164-168. 
[PMID: 33278624]; [DOI: 10.1016/j.ijid.2020.11.207]

929. Liu J, Zhang S, Wu Z, Shang Y, Dong X, Li G, Zhang L, Chen 
Y, Ye X, Du H, Liu Y, Wang T, Huang S, Chen L, Wen Z, Qu J, 
Chen D. Clinical outcomes of COVID-19 in Wuhan, China: a 
large cohort study. Ann Intensive Care 2020; 10(1): 99. [PMID: 
32737627]; [DOI: 10.1186/s13613-020-00706-3]

930. Mikhail N, Wali S. Prognostic value of hypocalcemia in 
COVID-19. Integr Food Nutr Metab 2020; 7: 1-3. [DOI: 
10.15761/IFNM.1000289]

931. Mohamed KI, Khadhum MS, Abu-Al-Ess HQ, Ali SH, Al-Fukhar 
SA, Al-Wattar WM, et al. The effect of Toxoplasma gondii on 
interleukin-8, interleukin-10, leukotriene B4 and calcium levels 
in aborted women. Int J Med Res Health Sci 2017; 6(11): 76-82. 
[ISSN: 2319-5886]

932. Tayeb FA, Salman YJ, Ameen KM. The impact of Toxoplasma 
gondii infection on the vitamin D levels among women in 
childbearing age in Kirkuk province-Iraq. Open J Med Microbiol 
2019; 9: 151-167. [DOI: 10.4236/ojmm.2019.94015]

933. Muldoon M, Ousley OY, Kobrynski LJ, Patel S, Oster ME, 
Fernandez-Carriba S, Cubells JF, Coleman K, Pearce BD. The 
effect of hypocalcemia in early childhood on autism-related 
social and communication skills in patients with 22q11 deletion 
syndrome. Eur Arch Psychiatry Clin Neurosci 2014; 265(6): 519-
524. [PMID: 25267002]; [DOI: 10.1007/s00406-014-0546-0]

934. Pal R, Ram S, Zohmangaihi D, Biswas I, Suri V, Yaddanapudi 
LN, Malhotra P, Soni SL, Puri GD, Bhalla A, Bhadada SK. High 
prevalence of hypocalcemia in non-severe COVID-19 patients: 
a retrospective case-control study. Front Med 2021; 7: 590805. 
[PMID: 33490095]; [DOI: 10.3389/fmed.2020.590805]

935. Jothimani D, Venugopal R, Abedin MF, Kaliamoorthy I, Rela M. 
COVID-19 and the liver. J Hepatol 2020; 73: 1231-1240. [DOI: 
10.1016/j.hep.2020.06.006]

936. Zhao JN, Fan Y, Wu SD. Liver injury in COVID-19: a minireview. 
World J Clin Cases 2020; 8(19): 4303-4310. [DOI: 10.12998/
wjcc.v8.i19.4303]

937. Vitiello A, La Porta R, D’Aiuto V, Ferrara F. The risk of liver 
injury in COVID-19 patients and pharmacological management to 
reduce or prevent the damage induced. Egyptian Liver J 2021; 11: 
11. [DOI: 10.1186/s43066-021-00082-y]

938. Xu Z, Shi L, Wang Y, Zhang J, Huang L, Zhang C, Liu S, Zhao 
P, Liu H, Zhu L, Tai Y, Bai C, Gao T, Song J, Xia P, Dong J, 
Zhao J, Wang FS. Pathological findings of COVID-19 associated 
with acute respiratory distress syndrome. Lancet Respir Med 
2020; 8: 420-422. [PMID: 2085846]; [DOI: 10.1016/S2213-
2600(20)30076-X] 

939. Yao XH, Li TY, He ZC, Ping YF, Liu HW, Yu SC, Mou HM, 

Wang LH, Zhang HR, Fu WJ, Luo T, Liu F, Guo QN, Chen C, 
Xiao HL, Guo HT, Lin S, Xiang DF, Shi Y, Pan GQ, Li QR, 
Huang X, Cui Y, Liu XZ, Tang W, Pan PF, Huang XQ, Ding YQ, 
Bian XW. [A pathological report of three COVID-19 cases by 
minimal invasive autopsies]. Zhonghua Bing Li Xue Za Zhi 2020; 
49(5): 411-417 [PMID: 32172546] DOI: 10.3760/cma.j.cn112151-
20200312-00193]

940. Xing QQ, Dong X, REn YD, Chen WM, Zeng DY, Cai YY, Hong 
MZ, Pan JS. Liver chemistries in patients with COVID-19 who 
were discharged alive or died: a meta-analysis. Hepatol Commun 
2021; 5(1): 12-23. [DOI: 10.1002/hep4.1585]

941. Cabibbo G, Rizzo GE, Stornello C, Craxi A. SARS-CoV-2 
infection in patients with normal or abnormal liver. J Viral Hepat 
2021; 28: 4-11. [DOI: 10.1111/jvH.13440]

942. El-Henawy AA, Abdel-Razik A, Zakaria S, Elhammady D, Saudy 
N, Azab MS. Is toxoplasmosis a potential risk factor for liver 
cirrhosis ? Asian Pacific J Trop Med. 2015; 8(10): 784-791. [DOI: 
10.1016/j.ap.jtm.2015.09.003]

943. Prandota J. Unexplained liver damage, cryptogenic liver cirrhosis, 
and steatohepatitis may be caused by latent chronic toxoplasmosis. 
J Gastroenterol Hepatol Res 2019; 8(2): 2824-2840. [DOI: 
10.17554/j.issn.2224-3992.2019.08.824]

943a.Hegyi PJ, Vancsa S, Ocskay K, Dembrovszky F, Kiss S, Farkas 
N, Eross B, Szakacs Z, Hegyi P, Par G. Metabolic associated 
fatty liver disease is associated with an increased risk of severe 
COVID-19: a systematic review with meta-analysis. Front Med 
2021; 8: 626425. [DOI: 10.3389/fmed.2021.626425]

944. van Vuren EJ, Steyn SF, Brink CB, Möller M, Viljoen FP, 
Harvey BH. The neuropsychiatric manifestations of COVID-19: 
Interactions with psychiatric illness and pharmacological 
treatment. Biomed Pharmacother 2021; 135: 111200. [PMID: 
33421734]; [DOI: 10.1016/j.biopha.2020.111200] 

945. Sanders JM, Monogue ML, Jodlowski TZ, Cutrell  JB. 
Pharmacologic treatments for coronavirus disease 2019 
(COVID-19): a review. JAMA 2020; 323(18): 1824-1836. [PMID: 
32282022]; [DOI: 10.1001/jama.2020.6019]

946. Creeden JF, Imami AS, Eby HM, Gillman C, Becker KN, Reigle 
J, Andari E, Pan ZK, O’Donovan SM, McCullumsmith CB. 
Fluoxetine as an anti-inflammatory therapy in SARS-CoV-2 
infection. Biomed Pharmacother 2021; 138: 111437. [DOI: 
10.1016/biopha.2021.111437]

947. Horby P, Lim WS, Emberson JR, Mafham M, Bell JL, Linsell 
L, Staplin N, Brightling C, Ustianowski A, Elmahi E, Prudon 
B, Green C, Felton T, Chadwick D, Rege K, Fegan C, Chappell 
LC, Faust SN, Jaki T, Jeffrey K, Montgomery A, Rowan K, 
Juszczak E, Baillie JK, Haynes R, Landray MJ. Dexamethasone 
in hospitalized patients with Covid-19. New Engl J Med 
2021; 384(8): 693-704. [PMID: 32678530]; [DOI: 10.1056/
NEJMoa2021436]

948. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, Wang B, Xiang 
H, Cheng Z, Xiong Y, Zhao Y, Li Y, Wang X, Peng Z. Clinical 
characteristics of 138 hospitalized patients with 2019 novel 
coronavirus-infected pneumonia in Wuhan, China. JAMA 
2020; 323(11): 1061-1069. [PMID: 32031570]; [DOI: 10.1001/
jama.2020.1585]

949. Wang T, Gao JM, Yi SQ, Geng GQ, Gao XJ, Shen JL, Lu FL, 
Wen YZ, Hide G, Lun ZR. Toxoplasma gondii infection in the 
peritoneal macrophages of rats treated with glucocorticoids. 
Parasitol Res 2014; 113(1): 351-358. [PMID: 24248630]; [DOI: 
10.1007/s00436-013-3661-3]

950. Zhang J, Qin X, Zhu YU, Zhang S, Zhang XW, Lu HE. 
Mechanism of dexamethasone in the context of Toxoplasma 
gondii infection. Parasitology 2017; 144(11): 1551-1559. [PMID: 
28653591]; [DOI: 10.1017/S0031182017001111]

951. Zwet TL, Thompson J, Furth R. Effect of glucocorticosteroids 
on the phagocytosis and intracellular killing by peritoneal 
macrophages. Infect Immun 1975; 12(4): 699-705. [PMID: 



325

Prandota J. Raynaud’s phenomenon and latent Toxoplasma gondi  infection

811557]; [DOI: 10.1128/IAI.12.4.699-705.1975]
952. Olivares-Morales MJ, De La Fuente MK, Dubois-Camacho K, 

Parada D, Diaz-Jimenez D, Torres-Riquelme A, Xu X, Chamorro-
Veloso N, Naves R, Gonzales MJ, Quera R, Figueroa C, Cidlowski 
JA, Vidal RM, Hermoso MA. Glucocorticoids impair phagocytosis 
and inflammatory response against Crohn’s disease-associated 
adherent-invasive Escherichia coli. Front Immunol 2018; 9: 1026. 
[PMID: 29867993]; [DOI: 10.3389/fimmu.2018.01026]

953. Elfadaly HA, Hossanain MA, Shaapan RM, Hassanain NA, 
Barakat AM. Corticosteroids opportunist higher Toxoplasma 
gondii brain cysts in latent infected mice. Int J Zoological Res 
2015; 11(4): 169-176. [DOI: 10.3923/ijzr.2015.169.176]

954. Kang KM, Choi IU,  Shin DW, Lee YH. Cytokine and 
antibody responses of reactivated murine toxoplasmosis upon 
administration of dexamethasone. Korean J Parasitol 2006; 44(3): 
209-219. [PMID: 16969058]; [DOI: 10.2247/kjp.2006.44.3.209]

955. Malayala S, Vanaparthy R. An atypical COVID-19 presentation 
with vestibular neuritis, hemi-facial spasms and Raynaud's 
phenomenon. Authorea (Clin Case Rep Open Res) 2020 Sept 28. 
[DOI: 10.22541/au.160133248.87791073]

956. Serra-Garcia L, Bosch-Amate X, Alamon-Reig F, Giavedoni P, 
Fuertes I, Morgado-Carrasco D, Iglesias P, Puig S, Mascaro JM 
Jr. Digital ischemia triggered by coronavirus disease 2019 in a 
patient under cemiplimab treatment. Int J Dermatol 2021; 60(1): 
e30-e32. [PMID: 33040324]; [DOI: 10.1111/ijd.15239]

957. Shih L, Ferry AM, Gravina PR, Wang ED, Reece EM, 
Maricevich M, Winocour SJ. Acute digital necrosis in a 
patient with Raynaud’s phenomenon and COVID-19 infection. 
Am Surg 2020; 3134820979788. [PMID: 33342232]; [DOI: 
10.1177/0003134820979788]

958. Natalello G, De Luca G, Gigante L, Campochiaro C, De Lorenzis 
E, Verardi L, Paglionico A, Petricca L, Martone AM, Calvisi S, 
Ripa M, Cavalli G, Dealla-Torre E, Tresoldi M, Landi F, Bosello 
SL, Gremese E, Dagna L. Nailfold capillaroscopy findings 
in patients with coronavirus disease 2019: Broadening the 
spectrum of COVID-19 microvascular involvement. Microvasc 
Res 2021; 133: 104071. [PMID: 32949574]; [DOI; 10.1016/.
mvr.2020.104071]

959. Yamashita M, Funayama H, Anami Y, Morikawa N, Inokuma S. 
Cyanotic change of colon mucosa in a patient with Raynaud’s 
phenomenon. Am J Med 2004; 116(8): 570-572. [PMID: 
15063825]; [DOI: 10.1016/j.amjmed.2003.10.034]

960. Barbarito N. A strange case of severe but fleeting hypoxemia 
in patient with COVID-19 infection: maybe virus-induced 
pulmonary Raynaud’s phenomenon ?. Monaldi Arch Chest Dis 
2021; 91: 1706. [DOI: 10.4081/monaldi.2021.1706]

961. Coutinho SG, Lobo R, Dutra G. Isolation of Toxoplasma from the 
soil during an outbreak of toxoplasmosis in a rural area in Brazil. 
J Parasitol 1982; 68(5): 866-868. [PMID: 7131191]

962. Dabritz HA, Miller MA, Atwill ER, Gardner IA, Leutenegger 
CM, Melli AC, Conrad PA. Detection of Toxoplasma gondii-like 
oocysts in cat feces and estimates of the environmental oocyst 
burden. J Am Vet Med Assoc 2007; 231(11): 1676-1784. [PMID: 
18052801]; [DOI: 10.2460/javma.231.11.1676]

963. Pomeroy C, Filice GA. Pulmonary toxoplasmosis: a review. 
Clin Infect Dis 1992; 14(4): 863-870. [PMID: 1576281]; [DOI: 
10.1093/clinids/14.4.863]

964. Bajnok J, Tarabulsi M, Carlin H, Bown K, Southworth T, Dungwa 
J, Singh D, Lun ZR, Smyth L, Hide G. High frequency of infection 
of lung cancer patients with the parasite Toxoplasma gondii. ERJ 
Open Res 2019; 5: 00143-2018 [DOI: 10.1183/23120541.00143-
2018].

965. Shapiro K, Bahia-Oliveira L, Dixon B, Dumètre A, de Wit  
LA, Van Wormer E, Villena I. Environmental transmission 
of Toxoplasma gondii: oocysts in water, soil and food. Food 
Waterborne Parasitol 2019; 12: e00049. [PMID: 32095620]; [DOI: 
10.1016/j.fawpar.2019.e00049]

966. Deng H, Exel KE, Swart A, Bonačić Marinović AA, Dam-Deisz 
C, van der Giessen JWB, Obsteegh M. Digging into Toxoplasma 
gondii infections via soil: A quantitative microbial risk assessment 
approach. Sci Total Environ 2021; 755(Pt 2): 143232. [PMID: 
33160663]; [DOI: 10.1016/j.scitoteny.2020.143232]

967. Demar M, Ajzenberg D, Maubon D, Djossou F, Panchoe D, 
Punwasi W, Valery N, Peneau C, Daigre JL, Aznar C, Cottrelle 
B, Terzan L, Darde ML, Carme B. Fatal outbreak of human 
toxoplasmosis along the Maroni river: epidemiological, clinical, 
and parasitological aspects. Clin Infect Dis 2007; 45: e88-95. 
[PMID: 17806043]; [DOI: 10.1086/521246]

968. Ćirković V. Uzelac A, Miličić D, Klun I, Djurković-Djaković O. 
First detection of Toxoplasma gondii (Nicolle & Manceaux, 1908) 
(Eucoccidiorida: Sarcocystidae) in river waters in Serbia. Acta 
Zool Bulg 2020; Suppl 15: 79-83. [ISSN: 0324-0770]


