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ABSTRACT
Introduction: This preliminary cross-sectional study aimed to investigate the prevalence of toxoplasmosis among
blood donors in Kelantan, Malaysia. Methods: A total of 56 blood donors were screened by an enzyme-linked immunosorbent assay (ELISA) for anti-T. gondii Immunoglobulin G (IgG) and Immunoglobulin M (IgM) antibodies. Positive
T. gondii IgG and IgM were further tested for IgG avidity ELISA. All extracted deoxyribonucleic acids (DNAs) from
whole blood samples were analyzed for the presence of the Toxoplasma B1 gene and the ITS1 region by polymerase
chain reaction (PCR). The socio-demographic data of donors was assessed using a data collection form. Results: Out
of 56 blood donors, 24 (42.86%) donors were IgG+/IgM-, and 2 (3.57%) donors were IgG+/IgM+ with one of them
having a high avidity index indicating as past infection for more than 20 weeks and the other with a low avidity
index indicating as recent infection within 20 weeks. None of the samples tested positive for the presence of the
Toxoplasma B1 gene and the ITS1 region. A univariate analysis showed that only employment status was significantly
associated with Toxoplasma seropositivity. Conclusion: The seroprevalence of toxoplasmosis among blood donors in
Kelantan, Malaysia, was 46.43%. Nevertheless, direct detection by PCR showed that this parasite was absent in the
blood. These results highlight that the blood donors in this study had previously been exposed to T. gondii infection.
The parasite may still remain in certain tissues but does not freely circulate in the blood.
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INTRODUCTION
Toxoplasmosis is caused by a protozoon parasite,
Toxoplasma gondii. Its transmission from blood donors
to receiving immunocompromised patients has become
a concern. It has been highlighted as a public health
concern, as one-third of the world population has been
infected with Toxoplasma gondii (1-4). Ingestion of
oocyst-contaminated food or drinks, consumption of
raw or undercooked meat containing T. gondii cysts,
exposure to contaminated soils, and close contact
with cats are among the common routes of T. gondii
transmission (4-11). However, this parasite is rarely
transmitted via organ transplant and blood transfusion
(4,12). Although uncommon, transfusion-transmitted
toxoplasmosis was reported in a leukemic patient
after leukocyte transfusion in 1969 (13). Another case

recorded a 52 years old woman acquired Toxoplasmic
retinochoroiditis after platelet transfusion and the
serologic results showed positive for recently acquired
toxoplasmosis (14). The American Association of
Blood Banks also confirmed four cases of transfusiontransmitted toxoplasmosis of which three were associated
with granulocyte transfusion and one involved platelet
transfusion (8).
In immunocompetent individuals, the infection is
asymptomatic (1,4). Blood donors who have been
infected might have mild to no symptoms and could
still donate blood, as there is no thorough screening
of toxoplasmosis prior to blood transfusion. However,
if the contaminated blood were transfused to
immunocompromised recipients, it can lead to severe
consequences such as encephalitis, chorioretinitis,
and myocarditis (15-17). Until 2019, there is only one
recent study that was conducted among blood donors
in Malaysia, which was in 2002 while the rest of the
studies were done before 2000 (18). All these studies
reported a toxoplasmosis prevalence of less than 30.0%
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among blood donors (18). Thus, this preliminary study
was aimed to investigate the current prevalence of
toxoplasmosis among blood donors in Malaysia and
the sociodemographic risk factors that contribute to the
transmission of toxoplasmosis. Therefore, this report
can be used as a reference, especially for future blood
bank management to avoid any transfusion-transmitted
disease.
MATERIALS AND METHODS
Study design and study population
This preliminary cross-sectional study was carried
out from August 2017 to September 2018. Power and
Sample Size Calculation (PS) software Dupont and
Jr. (1990) was used to determine the required sample
size. The parameters required for calculation of sample
size using PS Software were; alpha, α = 0.05, beta, β
= 0.80, assumed Po = seroprevalence of toxoplasmosis
in healthy group in Malaysia was 19.9% and assumed
P1 = immunocompromised patients (HIV) was 44.4%
respectively (19,20). Fifty-six volunteered blood donor
who aged above 18 years old were selected based on the
inclusion and exclusion criteria at Transfusion Medicine
Unit, Hospital USM. Donors who were deferred from
blood donation on a temporary or permanent basis (Refer
WHO guideline, 2012) were excluded from this study.
The sociodemographic data (gender, ethnicity, marital
status, residence area, educational level, employment
status) were obtained from the Information System of the
Transfusion Medicine Unit, Hospital USM. After consent
was obtained, the blood samples were taken and spun at
1500 x g for 10 minutes. The plasma was then stored at
-20 °C for further analysis.
Detection of anti-T. gondii IgG and IgM antibodies
All plasma samples were screened for specific T. gondii
IgG and IgM antibodies using Platelia Toxo IgG and
Platelia Toxo IgM ELISA kits (BioRad, USA) according
to the manufacturer’s instructions. A titer of IgG anti-T.
gondii ≥ 9 IU/ml was considered as positive, and a titer of
IgG anti-T. gondii < 6 IU/ml was considered as negative.
The positive samples indicate latent or pre-existing T.
gondii infection. For the IgM-ELISA assay, a sample ratio
≥ 1.0 was considered as reactive for the presence of
anti-T. gondii IgM, while a ratio < 0.8 was considered
non-reactive. Subsequently, positive T. gondii IgM
and IgG samples were further tested for IgG avidity
using Platelia Toxo IgG-avidity ELISA (BioRad, USA)
to distinguish between recent and past infection. An
avidity index (AI) < 0.40 was considered as low avidity,
indicating a recent infection of less than 20 weeks; 0.40
≤ AI < 0.50 considered as avidity intermediate zone; and
AI ≥ 0.50 indicate past infection of more than 20 weeks.
Detection of T. gondii by triplex PCR
DNA extraction from whole blood was done using
a QIAMP DNA Blood Minikit (Qiagen, Germany) as
described by the manufacturer. The purity (A260/
74

A280 ratio) and concentration of extracted DNA was
determined using a spectrophotometer (Eppendorf,
USA). The extracted DNA samples were further tested
for the presence of the Toxoplasma B1 gene and the ITS1
region by triplex PCR. Briefly, DNA amplification was
done in a 20.0 µl reaction mixture consisting of 2 µl of
sample, 1.0 µl of each primer, 2.0 µl 10X DreamTaq
PCR Buffer, 0.15 µl 1.0 U DreamTaq DNA polymerase,
and 0.32 µl 10.0 mM dNTPs. The primer pairs used
in this study were B1F1 and B1R1, and ITS1-F and
ITS1-R, whereas VHMF and VHA-AS5 were used as the
heterologous internal control to detect the presence of
the HemM gene in the sample according to a previous
study (Table I). A plasmid (100 pg) containing the V.
cholerae HemM gene was included in each run, while
water was used as non-template control for negative
control. The amplification was done using an Applied
Biosystem thermal cycler machine with the following
cycling conditions: initial denaturation at 94.0 °C for 5
min, denaturation at 94.0 °C for 30 sec, annealing at
59.0 °C for 30 sec, extension at 72.0 °C for 30 sec, and
final extension at 72.0 °C for 7 min. All PCR products
were visualized on a 1.8% agarose gel using ultraviolet
in a 1X TBE buffer stained with a FloroSafe DNA stain
(Axon Scientific Sdn. Bhd., Malaysia).
Table I: List of primers used in triplex PCR
Primers
(Forward
Reverse)

Gene

B1F1
B1R1

Sequences (5’ to 3’)

Size
(bp)

B1

ATA GGT TGC AGT CAC TGA CG
CTC CTC TTC GCG AAA CCT CA

321

ITS1-F
ITS1-R

ITS1

ACA CGT CCT TAT TCT TTA TTA ACC A
ATC CCA ACA GAG ACA CGA ATT

234

VHMF*
VHA-AS5*

HemM

TGG GAG CAG CGT CCA TTG TG
CAA TCA CAC CAA GTC ACT C

520

Reference: Rahumatullah et al., 2012 (25)

Statistical analysis
The data was analyzed using Statistical Package for
the Social Sciences (IBM SPSS, 22.0 Version) software.
Descriptive statistics were used to summarize all the
data. The association between risk factors was evaluated
using a Chi-square assay and a P-value of less than 0.05
was considered as statistically significant.
Ethical aspects
This study was approved by the Research Ethics
Committee (Human), Universiti Sains Malaysia (USM/
JEPeM/17030165). All donors were explained verbally
about the purpose and procedures of the study and
a written informed consent was obtained prior to the
blood taking.
RESULTS
Out of 56 blood donors, 26 (42.86%) donors were
positive for the T. gondii IgG antibody. Two (3.57%)
donors, who were positive for both T. gondii IgG and IgM
antibodies, showed high (AI = 0.76) and low (AI = 0.18)
IgG avidity index, respectively. No amplification of the
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Toxoplasma B1 gene and the ITSI region was detected
in all blood donors using PCR (Fig. 1). The summarized
results for ELISA and PCR are presented in Table II.
The majority (59.0%) of our donors were aged between

Table III: Sociodemographic characteristics of blood donors
Characteristics

Frequency
(%)

Serology
Positive IgG
n (%)

Negative IgG
n (%)

P value

OR

Age (years)
18 – 29

59

13 (50.0)

20 (66.7)

≥ 30

41

13 (50.0)

10 (33.3)

Male

59

16 (61.5)

17 (56.7)

Female

41

10 (38.5)

13 (43.3)

Malay

82

22 (84.6)

24 (80.0)

Others**

18

4 (15.4)

6 (20.0)

Married

45

12 (53.8)

13 (43.3)

Unmarried

55

14 (46.2)

17 (56.7)

0.206

0.75
1.50

Gender
0.71

1.09
0.89

Ethnicity

Fig. 1: Triplex PCR analysis of T. gondii DNA in blood donors
Lane M: 100bp DNA marker, lane N: Negative control
(non-template control), lane P: Positive control (purified DNA
of T. gondii), lane 1-13: Blood donors samples
Table II: Serological and PCR screening of toxoplasmosis among
blood donors
Serological results (n=56)
(%)

Test

PCR results
(n=56) (%)

Variables

IgG (+)
IgM (-)

IgG (-)
IgM (+)

IgG (+)
IgM (+)

IgG (-)
IgM (-)

(+)

(-)

Samples

24
(42.86)

0
(0.00)

2
(3.57)

30
(53.57)

0
(0.00)

56
(100)

Total

56

56

*(+) Positive, ** (-) Negative

18 to 29 years old, males (59.0%), Malay (82.0%),
single (55.0%), and employed donors (63.0%). The
seropositivity rate was higher in males (61.54%), Malay
(82.10%), single (53.85%), and employed donors
(80.77%). Nonetheless, only employment factor showed
statistically significant with T. gondii seropositivity
rate (P = 0.009) (Table III). The odd ratios related to
Toxoplasma seropositivity were calculated based on
sociodemographic data. High odd ratios were observed
for the older age group (OR = 1.50; 95% CI 0.37-1.19),
male (OR = 1.09; 95% CI 0.71-1.68), Malay (OR = 1.06;
95% CI 0.83-1.35), unmarried donors (OR = 1.07; 95%
CI 0.59-1.53), and employed donors (OR = 1.73; 95%
CI 0.15-0.85).
DISCUSSION
Toxoplasmosis is a transfusion-transmissible infection
that can lead to severe complications including mortality
in immunocompromised individuals. Even though
safe and sufficient blood supply is always under strict
regulations and surveillance, transfusion-transmitted
infection remains a concern (8). It has been reported that
T. gondii was transmitted through blood transfusion as the
dissemination of T. gondii at very early stage of infection
occurs via blood flow to other large organs (4,12,21).
This preliminary study determined the prevalence of
toxoplasmosis among blood donors using serological
and molecular methods. Specific Toxoplasma IgM, IgG
and IgG avidity were detected using ELISA, while the
Toxoplasma B1 gene and the ITSI region were detected

0.73

1.06
0.77

Marital status
0.83

0.95
1.07

Employment status
Unemployed

37

5 (19.2)

16 (53.3)

Employed

63

21 (80.8)

14 (46.7)

0.009*

0.36
1.73

*P <0.05 indicate as significant association between employment status with toxoplasmosis
seropositivity rate
** Others includes Chinese, Indian and Siamese

using triplex PCR.
The data on the seroprevalence of toxoplasmosis in
Malaysia is scarce, particularly among blood donors. This
study found that the seroprevalence of toxoplasmosis
among blood donors in Malaysia was 28.1% (57/203),
which was detected by Toxoplasma IgG antibody (18).
Our study showed a high seroprevalence of T. gondii
infection among blood donors (46.43%). Globally, the
high seroprevalence of toxoplasmosis among blood
donors has been reported in France, Africa, North
India, New Zealand, the Czech Republic, and Egypt
with some record up to 50% seropositivity for T. gondii
infection. Meanwhile, a lower rate of T. gondii infection
has been reported in Thailand (9.6%), Taiwan (9.3%),
China (4.83%), Mexico (7.4%), Turkey (19.5%), and
Iran (19.3%) (4,8,12,22). This variation in findings could
be due to many factors such as environmental factors,
climatic conditions, geographical status, disease control
and treatments, regional and ethnic customs, and
human activities (23). Furthermore, changes in social
and population demographic characteristics also play a
role in the risk of transmission.
In this study, one donor showed a high avidity index,
indicating as past infection of more than 20 weeks.
Meanwhile, another donor showed a low avidity
index, indicating as recent infection of less than 20
weeks. However, both blood donors were negative
for the presence of T. gondii DNA in their blood. The
Toxoplasma B1 gene and ITS region are highly specific
and well conserved for all T. gondii strains including
from the samples isolated from AIDS patients (24-27).
Primers used were tested for specificity in the BLASTN
database (http://www.ncbi.nlm.nih.gov/BLAST) and
were predicted to be 100% for the Toxoplasma B1 gene.
T. gondii DNA were detected in blood by PCR only when
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the infection is in early acute phase with the highest
antibody level (28). This could explain the negative
result in all the blood donors in this study, which could
be due to unknown kinetics of parasitemia in infected
people where the short duration of parasitemia or
the number of tachyzoites of T. gondii circulating in
peripheral blood is too low (29). Based on the primer
used in this study, its limit of detection (LoD) was as little
as 10 pg T. gondii DNA (29). In addition, during chronic
infection, the tachyzoites reside in tissues as tissue cyst,
and thus cannot be freely found in blood. This tissue
cyst is commonly found in the central nervous system,
eyes, skeletal or cardiac muscles of the host, and
causing an inflammatory lesions (permanent damage) in
immunocompromised patients or in the fetus (30). The
tissue cyst may remain dormant in normal individuals,
but it can be reactivated in immunocompromised
patients (31).
Based on sociodemographic risk factors, only
employment showed a significant association with the
toxoplasmosis seropositivity rate. T. gondii seropositivity
rate was found to be highly significant among employed
donors, possibly due to the increased exposure to T.
gondii by occupation, as our donors worked as butchers,
planters, fishermen, and veterinarian officers. However,
this finding contradicts from other studies that found no
significant difference between employment status and
toxoplasmosis seropositivity rate (32-34). Employed
donors (OR = 1.73) showed a greater risk of getting
infected with T. gondii compared to unemployed donors
(OR = 0.36). In male-dominated jobs, gardeners and
butchers, for example, are exposed for longer periods to
contaminated meats and environments (35).
The toxoplasmosis seropositivity rate was found to be
equal in both age groups; however, older aged donors
showed greater risk to get infected with toxoplasmosis
(OR = 1.50). This result could be due to the donors’
longer exposure time to the T. gondii, which make them
more vulnerable to the infection (32). Furthermore, with
a weakened immune system, older aged donors are more
prone to infection. However, age was not significantly
associated with seropositivity rate in this study, which
was similar to previous studies (3,6,33,36-39). Male
donors showed a greater risk of infection (OR = 1.09)
possibly because this group is more active in outdoor
activities, sports, or work in which they are exposed
to contaminated soil (19). In regard to ethnicity, the
highest seropositivity rate was found in Malays and this
finding is similar with previous study (19). This could
be due to the Malay habits and preferences of keeping
cats as pets. Moreover, Malay neighborhood areas
are full of stray cats, further exposing the community
to T. gondii infection (19). Nevertheless, no significant
difference between ethnicity and the seropositivity rate
of toxoplasmosis was found in this study.

It is good and recommended to have a bigger sample
size and a wide range of blood donor from the whole
Malaysia to represent blood donors from Malaysia,
including Sabah and Sarawak.
CONCLUSION
In conclusion, the preliminary study of seroprevalence
rate of toxoplasmosis among blood donors in
Kelantan, Malaysia, was 46.43%. However, no active
parasitemia was detected in their blood by PCR. This
high seropositivity rate indicated that our blood donors
had previously been exposed to T. gondii infection. The
parasites may still remain but in the form of tissue cysts,
which reside in certain tissues such as the brain but are
not freely circulating in the blood. Therefore, bigger
population representing blood donors in Malaysia is
recommended and implementing an awareness or
education programme among blood donors on the
possible transfusion-transmitted diseases needs to be
considered in the future.
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