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ABSTRACT. Toxoplasma gondii is intracellular parasite; it is considered one of the most important causes of
miscarriage and can inhibit the development of the fetus, especially at the beginning of pregnancy. Host lipids have an
important role in the pathogenesis of T. gondii infection. Proprotein convertase subtilisin/kexin type 9 (PCSK9) is a liver
secreted protein that has the unusual ability to interfere and block the natural recycling of lipid receptors, resulting in
impaired lipid clearance from the plasma. This study designed to investigate the role of PCSK9 in recycling blood lipid
levels in women with acute toxoplasmosis and to evaluate the relationship between them. Forty serum blood samples
were collected from aborted women, who were having acute toxoplasmosis (IgM and IgA positive result) for the period
October 2020 to March 2021. In addition, 25 samples were collected from apparently-healthy women (negative control
group) and 25 samples collected from other aborted women (positive control group). Both groups gave negative result
for the presence of IgM, IgA and IgG-Toxoplasma antibodies. Finally, PCSK9 and blood lipids levels were measured
for all groups. Positive relations were found between lipid profile values and T. gondii infected women. There were an
increased in triglycerides (149.65 mg/dl), HDL (38.5 mg/dl), VLDL (140.53 mg/dl) values, while there was a decreased
in LDL values (41.7 mg/dl). The PCSK9 was a highly significant increase in PCSK9 in T. gondii infected women (3.23)
compared with aborted and healthy control groups (1.57, 1.15 respectively). The measurement of PCSK9 can be used
as a biomarker and may be useful in screening for acute toxoplasmosis. In spite of a highly significant increase in
PCSK9 and blood lipids in acute toxoplasmosis, there was a decrease in BMI. This may be due to toxoplasmosis
infection.
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Introduction
Toxoplasmosis is worldwide distribution disease
approximately a third one of population, caused by
an obligate intracellular protozoan, Toxoplasma
gondii [1]. This parasite can be infecting a broad
range of warm-blooded vertebrates, humans and
animals as intermediate hosts, while Felidae (cats)
serve as intermediate, and definitive host [2]. T.
gondii is mainly transmitted through consuming
contaminated water and food with cat faeces
containing mature oocyst, or via ingested undercooked meat containing tissue cysts [3], and can be
transmitted congenitally from mothers to their fetus
[4]. Asymptomatic or presents only mild symptoms
at other infected human population. However, the
infection can cause significant morbidity and

mortality in immunocompromised individuals. T.
gondii replicates in a specialized vacuole known as
the parasitophorous vacuole (PV), within a host cell
cytoplasm. So, inside the PV, the replication needs
significant amount of the specific lipids for
membrane biosynthesis [5].
It is unable to synthesize cholesterol, and based
on acquisition of low-density lipoprotein (LDL)
derived from the host cell, through endocytosis
mediated by the LDL receptor (LDLR) [6]. Latest
researchers indicated that the levels of high-density
lipoprotein (HDL) and triglycerides are elevated in
patients with chronic T. gondii infection, while
cholesterol levels are showing a different pattern, so
host lipid metabolism pathway may be potential
strategies for T. gondii infection [7].
Proprotein convertase subtilisin/kexin type 9
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(PCSK9) was first recognized for auto-dominant
hypercholesterolemia in French families in 2003
[8]. It is a liver secreted enzyme expressed in many
tissues, and cell types, and binds to LDLR, which
typically transport 3,000 to 6,000 fat molecules per
particle, within extracellular fluid. The LDLR on
liver, and other cell membranes, binds, and initiates
ingestion of LDL particles from extracellular fluid
into cells, thus reducing LDL particle concentrations.
If PCSK9 is blocked, more LDLRs are recycled, and
present on the surface of cells to remove LDLparticles from the extracellular fluid. Therefore,
blocking PCSK9 can lower blood LDL-particle
concentrations [9].

Materials and Methods
Samples collection
Forty serum blood samples were collected from
aborted women with acute toxoplasmosis, for the
period October 2020 to March 2021. These were
collected from aborted women who had attended at
the Obstetrics and Gynecology Department of AlYarmouk Teaching Hospital, Kamal Al-Samaraie
Hospital, and private laboratories in Baghdad City.
Patients who had diabetes mellitus, hypertension,
and takes any drugs were excluded. The acute
toxoplasmosis infection was confirmed for IgM,
IgG by rapid Test-Cassette (Bio-Medical Co., Ltd.,
Beijing, China) followed by IgM and IgG ELISA
test (Foresight Co., USA), and IgA ELISA test
(MyBioSource Co., USA). Sera that giving positive
result for IgM and IgA and negative result for IgG
were used as acute toxoplasmosis group. In
addition, 25 serum samples from apparently healthy
women (use as negative control group) and 25
serum samples from other aborted women (used as
positive control group) were collected. Both control
groups should give negative results for IgM, IgG
and IgA by rapid Test-Cassette and ELISA test.
Measurements of body mass index (BMI)
The BMI was achieved using tape measurement
and an electronic weight measuring instrument by
measuring weight in kilos and height in meters, and
the following equation was applied: BMI = weight
(kg)/height (m2) [10].
Lipid profile tests
Cholesterol, triglycerides, and HDL levels were
measured by using a traditional enzymatic assay
(Linear Chemicals, Biosystem-Barcelona, Spain).

R. ABD ALI et al.
The LDL and VLDL levels were measured indirectly
from Friedewald’s equation [11].
LDL = Total cholesterol – HDL – (TG/5); VLDL =
Triglyceride/5
Estimation of PCSK9 level
The PCSK9 ELISA kit (Elabscience Biotechnology Co., Ltd., USA) based on sandwich
enzyme-linked immune-sorbent assay technology
was tested and measured in each group.
Statistical analysis
The data was carried out using available
statistical package of SPSS-27 (Statistical Package
for the Social Sciences version 27), whenever the Pvalue was equal or less than 0.01 and receiver
operating characteristic (ROC) curve technique to
determine the “cut-off value” which of optimum
sensitivity and specificity for diagnosing disease.
Area under the curve (AUC) of the ROC was
explanted as follows, Perfect (0.9), Good (0.8), Fair
(0.7), Poor (0.6), and Failure 0>0.6. The sensitivity
and specificity were calculated according to the
following equations:
Sensitivity = (True Positive/Total Disease) × 100
Specificity = (True Negative/Total Healthy) × 100
Authorizations and ethical approvals
All authorizations and permissions were
obtained before starting work in hospitals including
patients’ ethical approval for samples and data
collection.

Results
BMI value confirmed that toxoplasmosis group
were significantly associated with normal weight
27(67.5%), as compared with positive and negative
control groups 9(36%), 7(28%) respectively, while
overweight was significantly decreased 11(27.5%)
in infected group, and 13(52%), 10(40%) in positive
and negative control groups respectively, followed
by obese was 2(5%) in toxoplasmosis group, and
3(12%), 8(32%) in positive and negative control
groups, respectively (Tab. 1).
Positive relations were found between lipid
profile values and T. gondii infected women as
compared with two control groups, except in
cholesterol value showed no significant differences
of total serum cholesterol 145.90 in toxoplasmosis
group, when compared with positive, and negative
control groups; 131.84, 147.56 respectively.
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Table 1. The relationship between BMI and toxoplasmosis
Toxoplasmosis group
BMI
(kg/m2)

Positive control

Negative control

Normal
(18.5–24.9)

27

67.5

9

36.0

7

28.0

Overweight
(25–29.9)

11

27.5

13

52.0

10

40.0

Obese (=>30)

2

5.0

3

12.0

8

32.0

Mean±SD (Range)

24.5±2.1
(21.2–30.46)

26.5±4.0
(20.9–7.8)

P-value
0.002**

28.89±7.33
(20.96–57.8)

0.002**

** highly significant difference at 0.01 level
Table 2. The lipid profile values of women infected with Toxoplasma gondii compared with control groups
Toxoplasmosis group

Positive control

Negative control

P-value

Cholesterol (mg/dl)

145.90±29.83
(100–186)

131.84±29.10
(91–230)

147.56±38.70
(75–222)

0.158

Triglycerides (mg/dl)

149.65±51.34
(103–383)

89.16±29.13
(56–193)

88.44±21.38
(54–135)

0.0001**

HDL (mg/dl)

38.50±16.03
(11–63)

7.48±3.73
(3–20)

7.08±3.34
(2–17)

0.0001**

LDL (mg/dl)

41.70±9.00
(19.6–76.6)

106.53±28.17
(71.4–203.4)

122.79±39.43
(42.4–204.6)

0.0001**

140.53±38.30
(10.8–199.6)

17.83±5.83
(11.2–38.6)

17.69±4.28
(10.8–27.0)

0.0001**

VLDL (mg/dl)

**highly significant difference at 0.01 level

Triglycerides values were significantly increased in
toxoplasmosis group 149.65, when compared with
positive and negative control groups; 89.16, 88.44
respectively. Regarding the HDL values were
significantly increased in toxoplasmosis group
38.50, when compared with positive and negative
control groups; 7.48, 7.08 respectively. While in
LDL values, there was a significant decrease in
toxoplasmosis group 41.70 as compared with
positive and negative control groups; 106.53,
122.79 respectively. VLDL values were highly
significant increase in toxoplasmosis cases 140.53,
when compared with both control groups; 17.83,
17.69 respectively (Tab. 2).
PCSK9 serum level was a highly significant
increase 3.23 in toxoplasmosis group as compared
with positive and negative control groups; 1.57,
1.15 respectively (Fig. 1).
Regarding the relation between PCSK9 levels

and lipid profile values, there was an increasing
value with all types of lipids in toxoplasmosis cases
when compared with positive and negative control
groups, however there were none significantly
differences between these values of different study
groups (Fig. 2).
The receiver operating characteristic (ROC)
analysis that was done to each parameter used in the
present study to be a useful tool in evaluating the
ability of continuous markers in discriminating
between two states of binary out-come such as
diseased or not diseased. The resulting ROC curve
and its functional area under the curve (AUC), had
shown that ELISA IgM still the best tool for
diagnosis of toxoplasmosis, and PCSK9 as simple
analytical form working parameter for diagnosis of
acute toxoplasmosis (Tab. 3 and Fig. 3).
A comparison of each test showed that cut-off
value suggested for ELISA IgM is > 0.895 IU/ml
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Figure 1. The PCSK9 levels of women infected with Toxoplasma gondii compared with control groups

Figure 2. The relation between PCSK9 levels and lipid profile of women infected with Toxoplasma gondii compared
with control groups

(100% sensitivity and 100% specificity), while for
PCSK9 a cut-off value of > 1.713 IU/ml for 100%
sensitivity and > 2.537 IU/ml for 100% specificity

while the optimal suggested cut-off value is >
1.9995 IU/ml (97.5 sensitivity and 94% specificity)
(Tab. 4).
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Table 3. The ROC analysis area for selected parameters when used to diagnosis of acute toxoplasmosis as compared
with non-toxoplasmosis (both positive and negative control groups)
95% Confidence Interval

Test results
variables

Area under the
curve (AUC)

SE

ELISA IgM

1.000

0.001

ELISA IgA

0.566

PCSK9

0.992

P-value
Lower bound

Upper bound

0.0001**

1.000

1.000

0.065

0.284

0.440

0.692

0.006

0.0001**

0.980

1.000

**highly significant difference at 0.01 level

Discussion
This study was conducted to demonstrate the
efficacy of toxoplasmosis on blood lipids and
PCSK9. There was a highly significant increase in
triglycerides, HDL and VLDL values in toxoplasmosis group. These results were compatible with
that of Al-Hadraawy et al. [12]. The opposite result
was obtained from LDL value in which showed a
significant decrease values in toxoplasmosis group as
compared with control groups. This result was

consistent with Al-Kuraishi et al. [13]. For cholesterol
value, it showed no significant differences in
toxoplasmosis infected women. This finding was in
agreement with studies of both of Kadir in Erbil [14]
and Ali and Al-Warid in Baghdad [15]. So, these
lipid profile difference results can be explained by
the change in blood lipids during acute infection
when compared to control due to the dependence of
T. gondii on host lipid droplet for its intracellular
development and the parasite’s ability to scavenger
neutral lipids from host lipid droplet [16]. The mean

Figure 3. The ROC curve when use to diagnosis of acute toxoplasmosis as compared with non-toxoplasmosis (both
positive and negative control groups)
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Table 4. The cut-off values, sensitivities, and specificities for early detection of acute toxoplasmosis as compared with
non-toxoplasmosis (both positive and negative control groups)
Variables (cut-off values)
ELISA IgM

Sensitivity (%)

Specificity (%)

100.0

100.0

–

–

≥ 1.713

100.0

84.0

≥ 1.9995

97.5

94.0

≥ 2.537

85.0

100.0

≥ 0.895

ELISA IgA
PCSK9

of BMI in women with acute toxoplasmosis was
significantly associated with normal weight
27(67.5%), as compared with both control groups
9(36%), 7(28%) respectively. These results are
consistent with many studies done previously, such
as studies done in Germany [17,18], and a study
done in Baghdad [19]. They showed a positive
relationship between BMI and toxoplasmosis, and
the normal or overweight people with positive
results of T. gondii have a weak chance of gaining
weight compared to healthy people. The reverse
results were observed by other studies prepared in
Nigeria and Mexico [20,21], they found that there is
no association between BMI and T. gondii infection.
These differences in results might be explained, that
the serological or molecular evidence is not
sufficient to find much relationship.
Regarding the PCSK9, it worth noting that no
published studies are comparing the effect of
PCSK9 on T. gondii infection, and this study may be
the first of its type to measure the serum PCSK9
level in women with acute toxoplasmosis, but a
previous study (in Italy) showed the beneficial role
of PCSK9 in promotes inhibition of pathogens
lipids [22]. Other related studies showed high levels
of PCSK9 seen in patients with a lower respiratory
tract infection and in bacteremia caused by
Streptococcus pneumoniae [23], and the same
results obtained from a study done in San Francisco,
which indicated that PCSK9 level is increased in
HIV, and hepatitis C infected individuals [24].
These results can be explained as; several
investigators have been observed that the
proliferation of intracellular pathogen requires an
increase in cholesterol uptake during the cells
infection [25]. In vivo studies were observed that
intracellular parasite enhances intracellular
cholesterol graft by expressing LDLR on infected
cells and thus increases their proliferation [26]. So,

to clarify the role of the intracellular parasite in
changing the levels of lipids in the body, this can be
done through PCSK9 level change. The PCSK9
promotes LDLR degradation and regulation of
intracellular and plasma cholesterol [27], thus the
present study confirmed the relationship between
them through the relative increase of PCSK9 and
decrease of LDL level during acute toxoplasmosis.
Concerning the relation between PCSK9 levels
and lipid profile values the study recorded an
increase in the value of PCSK9 in all types of blood
lipids (cholesterol, triglyceride, HDL, LDL, and
VLDL) during infection acute with T. gondii when a
comparison with positive and negative control
groups. This result can be explained as PCSK9 has a
key role in lipoprotein homeostasis and has a
significant effect on cholesterol. PCSK9 increased
LDL-C plasma concentrations intakes by connecting
to LDLR on liver cells and stimulating degradation,
thus increasing LDL-C [28]. This result has been
compatible with previous studies [29,30], which
showed a positive correlation between PCSK9 on
lipid metabolism. Therefore, these present results
contributed to the associate between circulating
PCSK9 levels and lipid profile values during
toxoplasmosis infection, especially the acute form.
In conclusion, positive relations were found
between lipid profile values and T. gondii infected
women as compared with two control groups,
except in cholesterol value showed no significant
differences of total serum cholesterol. Triglycerides,
HDL, VLDL values were significantly increased,
while there was a significant decrease in LDL
values in acute toxoplasmosis infected women.
Also, there was a highly significant increase in
PCSK9 in toxoplasmosis infected women, as
compared with positive and negative control
groups. The measurement of PCSK9 can be used as
a biomarker and may be useful in screening for
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acute toxoplasmosis. In spite of a highly significant
increase in PCSK9 and blood lipids in acute
toxoplasmosis, there was a decrease in BMI. This
may be due to toxoplasmosis infection.
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