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Accepted 12 Aug 2019 Background: Toxoplasma gondii is a protozoan parasite that belongs to the family Coc-
cidae. We aimed to evaluate IgG avidity and the changes of anti-Toxoplasma immuno-
globulins M (IgM) and G (IgG) in patients with acute leukemia and lymphoma.
Methods: Ninety eight patients with Acute myeloid leukemia (AML), Acute Lympho-

Keywords: blastic Leukemia (ALL) and lymphoma, selected from patients referring to Imam Reza
Toxoplasma gondii, Hospital of Tabriz (38°04'N 46°18'E), in terms of the presence of anti-Toxoplasma IgM,
Leukemia; IgG, IgG avidity antibodies and the major risk factors were evaluated.
Lymphoma; Results: The results of pre-chemotherapy evaluation showed that of the examined pa-
Immunoglobulin G; tients, only two cases, one patient with ALL and another patient with lymphoma, had a
Immunoglobulin M positive IgM titer. Overall, 46 cases had positive IgG titers, including 20 patients with
AML, 15 patients with ALL and 11 patients with lymphoma. Three (3.06%) patients
were positive for anti-T. gondii IgM and one of them was with new infection of toxo-
*Correspondence plasmosis in lymphoma patients.~ The post—chemothergpy IgG titer f.:va.luation showed 46
Email: [46.9% (95% CI 37.4-56.7)] positive IgG cases that this result was similar to the result of

pre-treatment phase. One [1% (95% CI 0.2-5.6)] positive IgG avidity case was detected
using ELISA method, in a patient with lymphoma whose IgM was also positive. There
was no significant difference between the type of leukemia and the history of contact
with cat.

Conclusion: Performing specialized tests to diagnose toxoplasma infection before start-
ing treatment, in immunodeficiency patients who undergo chemotherapy, is necessary;
therefore, these tests should be considered in therapeutic protocols.
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Introduction

oxoplasma gondii is an intracellular
opportunistic ~ coccidian  parasite
transmitted from animal to human via
oocysts and tissue cysts. Toxoplasmo-
sis refers to the disease caused by this parasite
reported worldwide, especially in industrial-
ized and developed countries (1-3). Nearly
060% of the adult population is seropositive
and all types of mammals can become infected
with this parasite. There is no specific clinical
symptom in chronic toxoplasmosis in individ-
uals with a healthy and effective immune sys-
tem and only presence of IgG antibody is in-
dicative of their previous infection.
Lymphadenopathy, Mononucleosis -like
syndrome and Chorioretinitis are reported in
10%-20%, 1% and small number of cases, tre-
spectively. Lymphadenopathy, mononucleosis
-like syndrome and chorioretinitis have been
reported in 10%-20%, 1% and a small number
of these patients, respectively. However, leu-
kemia, lymphomas and the use of immuno-
suppressive drugs are the major concerns af-
fected on opportunistic parasitic infections in
pregnant mothers, immunocompromised in-
dividuals, patients with diarrhea and also in
the postpartum period. Leukemia and cystic
lymphoma of the brain are reactivated and
cause encephalitis and other brain lesions in
immunocompromised patients, which ulti-
mately lead to the death of the patient (4-8).
Leukemias and lymphomas include cancers
that originate from blood-forming cells and
immune cells. Lymphoma is the preliminary
step in the development of blood cell cancers,
which affects lymphocytes. It leads to abnor-
mal growth and function of lymphocytes.
Hodgkin's and non-Hodgkin's lymphomas
are two major types of lymphoma (9-11). The
individuals with this disease are susceptible to
opportunistic infections, including parasitic
infections. Today, these infections account for
the major mortality rate in these patients (11-
14). T. gondii infection or toxoplasmosis is one
of the most important protozoan infections in
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immunocompromised, lymphoma and leuke-
mia patients which cause mortality among pa-
tients. Therefore, it is important in this regard.
T. gondii encephalitis is an important oppor-
tunistic infection, and its symptoms appear in
the central and white-gray areas of the brain
(15-17). Specific antibodies in serum of pa-
tients with toxoplasmosis are detectable short-
ly after the infection; the main diagnosis of
this disease is currently based on serologic
methods (18). The ELISA method can be
used to detect antigens and antibodies that
show high affinity and strong binding power
to each other. This method is used to measure
both types of IgG and IgM antibodies. Hed-
man et al. devised a new method based on the
tendency of immunoglobulin binding to poly-
valent antigens of T. gondii and the high con-
centrations of urea were used to differentiate
the high tendency of immunoglobulin. Today,
this binding power is called avidity (19). The
IgG avidity, in the new infection of toxoplas-
mosis (early stage), is much lower than the old
(previous) IgG avidity. According to the con-
ducted studies, today, avidity below 40% and
higher than 50% indicate the primary (active)
and previous infections, respectively (20, 21).

Considering the major role of this opportun-
istic parasitic disease in the mortality of im-
munocompromised, lymphoma and leukemia
patients and also patient undergoing chemo-
therapy, the present study aimed at the sero-
logical evaluation of anti-toxoplasmosis anti-
bodies in acute leukemia and lymphoma be-
fore and after chemotherapy in patients refer-
ring to medical centers in Tabriz.

Materials and Methods

Ethical Consideration

This study has been approved by research
council of Iran University of Medical Sciences
(IRIUMS.FMD.REC1396.32565). The select-
ed patients signed informed consent forms
after being informed about the nature of the
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study, including the objectives and laboratory
procedures.

Study type, population and risk factors
We performed a cross-sectional study in
Imam Reza Hospital of Tabriz, East Azerbai-

jan Province, northwest of Iran, from Jun
2015 to Jun 2016. The present one year-
clinical trial was performed on 98 patients
with acute myeloid leukemia (AML), acute
lymphoblastic leukemia (ALL), and lymphoma

(Table 1).

Table 1: Frequency distribution of Sex, Age, Undercooked meat-cating and Contact with Cat variables in pa-

tients
Variable Frequency Toxoplasma P- value
No (%) Positive (%3)  Negative (%)
Gender
Male 34 (34.7) 16 (47) 18 (53) P=10.492
Female 64 (65.3) 30 (46.8) 34 (53)
Total 98 (100.0) 46 (46.9) 52 (53)
Age (yr)
<20 16 (14.2) 6 (37.5) 10 (62.5)
21-35 25 (22.4) 12 (48) 13 (52) P=10.098
36-50 38 (37.7) 18 (47.3) 20 (52.7)
>50 19 (16.3) 10 (52.6) 9 (47.4)
Total 98 (100.0) 46 (46.9) 52 (53)
Undercooked meat
Yes 31 (31.6) 20 (58.8) 14 (41.2) P=0.061
No 67 (68.4) 26 (40.6) 38 (59.4)
Total 98 (100.0) 46 (46.9) 52 (53)
Contact with Cat
Yes 37 (37.8) 19 (51.3) 18 (48.7) P=10.058
No 61 (62.2) 27 (44.3) 34 (55.7)
Total 98 (100.0) 46 (46.9) 52 (53)

Patients who were willing to cooperate and
submitted their informed consent form en-
rolled in this study.

A questionnaire was presented to patients, in
which information such as age, gender, history
of contact with a cat and consumption of un-
cooked meat was written. Individuals who did
not fully cooperate until the end of the study
and those who were only at the beginning of
chemotherapy or in the final stages of treat-
ment were excluded from the study. The diag-
nosis of leukemia and lymphoma cases was
carried out by a hematologist-oncologist in
specialized clinics of Tabriz University of
Medical Sciences. The patients underwent
blood drawn before and two months after
chemotherapy and 5 ml blood samples were
collected from each patients and then collect-
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ing blood centrifuged and prepared serum
samples stored in freeze condition.

Serological assay for diagnosis of anti-
Toxoplasma antibodies

To evaluate the anti-Toxoplasma antibodies,
we analyzed all the serum samples using
chemiluminescence immunoassay (CLIA) with
Diasorin Liaison calibrated analyzer (Germa-
ny) by a commercially available kit (Diasorin,
Italy), Both tests (IgG and IgM) were per-
formed, following the instructions of the
manufacturer.

The values of more than 8.8 and 8 interna-
tional units IU/mL were considered positive
for IgG and IgM, respectively. The ELISA
was used to evaluate the IgG and IgM antibody
titers and also the avidity of IgG antibodies
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against  Toxoplasma using commercial kit
(ACON Laboratories, Inc. USA) on the market.
The values of more than 11 international
units IU/mL were considered positive for IgG
and IgM, respectively. Blood samples were
collected from patients two times before and
after chemotherapy (about two months). After
centrifugation, sera were kept at -20 °C until
used. In this study, ELISA kit made by Gene-
sis Company of England was used. According
to the manufacturer's instructions, IgG titers
<15 and > 15 IU/ml were considered negative
and positive, respectively and also IgM titers <
1 and > 1 IU/ml were considered as negative
and positive cases, respectively. To ensure the
results, all serum samples were examined for
IgG and IgM antibody titers by CLIA (a new
chemiluminescent assay) using IgG and IgM T.
gondyi kit (Diasorin, LIAISON USA).
According to the manufacturer's instruction,
IgG antibody titers < 7.2, 7.2-8.8% and >
8.8% IU/ml were considered as negative,
borderline and positive cases, respectively.
Moreover, IgM antibody titers < 6%, 6%-8%
and > 8% IU/ml were considered as negative,
borderline and positive cases, respectively.

Titration of anti-Toxoplasma IgG avidity
using ELISA

In this study, IgG avidity ELISA test was
used to determine the acute and chronic infec-
tion of disease in patients with leukemia and
lymphoma. The avidity of IgG antibodies was
evaluated and the percentage of avidity for
each positive IgG calculated using ELISA Kit
(Biomerieux, France) and VIDAS aparatus
according to the manufacturer's instructions.
An IgG avidity >40% indicated past infection

and also IgG avidity <40% indicated recent
toxoplasmosis infection.

Statistical analysis of the results

SPSS software ver. 24 (Inc., Chicago, IL)
was used for the statistical analysis. A descrip-
tive analysis was performed to evaluate the
frequency of the variables and T. gondii anti-
bodies. Possible associations were identified
using Chi-squared tests at a significance level

of 0.05.
Results

Of the 98 patients who were recruited in this
study, 34 (34.7%) were female and 64 (65.3%)
were male, with the age ranges of 14 to 65 yr
and a mean of 354 yr (SD= 10) (Table 1).
Moreover, 46 (46.9%), 30 (30.6%) and 22
(22.5%) of patients had AML, ALL and lym-
phoma, respectively (Table 2).

Risk Factors

According to the information on the ques-
tionnaire, 88 individuals had a history of con-
tacting with cats. There was no significant dif-
ference between the type of leukemia and the
history of contact with cat.

Among the patients with AML, 28 were fe-
male [60.9% (95% CI 46.5 — 73.6)] and 18
were male [39.1% (95% CI 26.4 — 53.3)] , and
with ALL, 19 were female [63.5% (95% CI
45.5-78.1)] and 11 were male [36.7% (95% CI
21.9 — 54.5)] and also there were 17 female
[73.3% (95% CI 56.6 —89.9) | and 5 male
[22.7% (95% CI 10. — 43.4)] patients with
lymphoma. There was also no significant dif-
ference between diseases, gender.

Table 2: The number of patients with AML, ALL and lymphoma for each sex

Patients Male, No (%) Female, No (%) Total
AML 18 (18.4) 28 (28.0) 46 (47)
ALL 11(11.2) 19 (19.4) 30 (30.6)
Lymphoma 5(.1) 17 (17.3) 22 (22.4)
Total 34 (34.7) 64 (65.3) 98 (100.0)
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Serologic evaluation before chemotherapy

The results of pre-chemotherapy evaluation
showed that of the 98 patients examined, only
two cases including one patient with ALL and
another with lymphoma, had a positive IgM
titre of above 1 IU/ml and 46 [46.9% (95%
CI 37.4-56.7)] cases had positive IgG titers, 20
[43.5% (95% CI 30.2-57.8)], 15 [50% (95% CI
33.2- 66.8)] and 11 [50% (95% CI 30.7-69.3)]
of whom were patients with AML, ALL and
lymphoma, respectively.

The results of pre-chemotherapy evaluation
showed that only 2 (2.04%) of the 98 exam-
ined patients (one patient with ALL and an-
other with lymphoma), had a positive IgM
titer (>1 IU/ml) and 46 cases (46.9%) had
positive IgG titers (>15 IU/ml), Out of these
46 patients, 20, 15 and 11 were AML, ALL
and lymphoma, respectively.

Serologic evaluation after chemotherapy

The results of the post-chemotherapy inves-
tigation revealed that 3 [3.06% (95% CI 1-
8.0)] patients were positive for anti-
Toxoplasma IgM and one of them was with
new infection of toxoplasmosis in lymphoma
patients. The post-chemotherapy IgG titer
evaluation showed 46 [46.9% (95% CI 37.4—
56.7)] positive IgG cases that this result was
similar to the result of pre-treatment phase
(Table 3).

The results of Chemiluminescence assay
confirmed the results of ELISA. Therefore, 46
positive IgG cases were reported before
treatment. The IgM positive cases, similar to
the ELISA test, were also reported in 2 cases
before treatment and in 3 cases after treatment

(Table 4).

Table 3: IgG and IgM positive cases (anti-Toxoplasma antibodies) and also IgG avidity in patients with leu-
kemia and lymphoma before and after chemotherapy using ELISA

Methods Before chemotherapy After chemotherapy
No (%) No (%)
ELISA / IgM 2 (2.04) 3 (3.06)
ELISA / IgG 46 (40.9) 46 (46.9)
ELISA / IgG avidity 0 1 (1.02)

Table 4: IgG and IgM positive cases (anti-Toxoplasma antibodies) in patients with leukemia and lymphoma
before and after chemotherapy with chemiluminescence

IgG Positive IgM Positive
Patients No Before treatment  After treatment Before treatment  After treatment
No (%) No (%) No (%) No (%)
AML 46 20 (43.5) 20 (43.5) 0 0
ALL 30 15 (50) 15 (50) 1(3.33) 1(3.33)
Lymphoma 22 11 (50) 11 (50) 1(4.5) 209.0)
Total 98 46 (46.9) 46 (46.9) 2 (2.04) 3 (3.00)

According to the results obtained by the
IgG avidity ELISA, all samples had avidity
>40 before chemotherapy, but after the
treatment, a positive case [1% (95% CI 0.2-
5.6)] was identified in a patient with lympho-
ma whose IgM was also positive, with an IgG
avidity below 40 that indicated reinfection
with Toxoplasma (Table 2). All data were ob-
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tained from the duplicate samples, and the
experimental procedure was repeated at least
three times with identical results.

Discussion

Our findings showed that in patients with
ALL and lymphoma, the number of individu-
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als who had anti- Toxogplasma 1gG antibodies,
before and after treatment, was 46.9%, and
pre and post-treatment positive IgM cases
were also observed.

Furthermore, a lymphoma patient was
found with positive IgG avidity and IgM anti-
bodies, which indicated a new infection in this
patient.

Toxoplasmosis has long been recognized as
an opportunistic infection in immunocom-
promised patients. It is the third leading cause
of death in immunocompromised patients af-
ter pneumocystis and cryptosporidium, which
has increased the importance of the issue.
Among the causes of encephalitis in immuno-
compromised individuals, 20%-48% of cases
are related to T. gondii and encephalitis is one
of the major causes of mortality and disability
in immunocompromised patients (11, 15, 18).

For instance, in one case reported in Ahvaz,
Investigation of anti- Toxoplasma IgM antibod-
ies using ELISA method in two patients treat-
ed with chemotherapy drugs, showed that the
two patients had toxoplasmosis and both of
them died one year later, due to their weak
immune systems and activation of toxoplas-
mosis (22).

The diagnosis of Toxoplasma infection in pa-
tients with weak and ineffective immune sys-
tems is important and necessary. The most
common clinical symptoms of secondary tox-
oplasmosis, in patients with immunodeficiency
including lymphoma and leukemia, are fever,
pneumonia, headache and dizziness.

Secondary toxoplasmosis in these patients is
confused with many cases such as pneumonia,
sepsis and encephalitis (8, 9, 11).

The prevalence of IgG antibodies to Toxo-
Pplasma  (1gG-anti-Toxoplasma)  was — 42.8%,
which is close to that in the present study (23).
In Iran, 51.9% of thalassemia patients and
34.8% of healthy controls were positive for
anti-Toxoplasma 1gG antibodies and in terms
of anti-Toxoplasma 1gM antibody, 3.4% of pa-
tients with thalassemia and 2.1% of healthy
individuals were positive (24). In various parts
of the world, the most T. gondii infections in
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Brazil (80%) and the lowest in China (8%)
have been reported. The difference in Toxo-
plasma infection rates in Iran, China and Brazil
can be due to differences in weather, health
condition, culture, customs and food habits
(2). The increase in the course of the illness
and the use of immunosuppressive drugs are
expected to increase the risk of recurrence of
toxoplasmosis (25). In the present study, there
was no significant difference between duration
of disease and recurrence, which conforms to
another study on patients with immunodefi-
ciency (26). In turkey IgG levels of anti-T.
gondii antibodies were 63% in patients with
cancer and 19.4% in healthy subjects, which
were more than the IgG levels in present
study, perhaps the reasons for this difference
are age characteristics of the study group and
the difference in the type of food consumed
because of the difference in culture (27).

Anti-Toxoplasma antibodies, using ELISA
was investigated, in patients with various types
of neoplasia as a group of individuals who un-
derwent immunosuppressive therapy with
chemotherapy drugs.

The results of this study showed that more
than 50% of these patients had anti-
Toxoplasma 1gG antibodies and finally, parasi-
tological tests were performed to confirm
toxoplasmosis in these patients. In the present
study, the number of individuals with pre and
post-treatment anti-Toxoplasma 1gG antibody
titers was 46.9%, which is in agreement with
other studies (24, 27). In addition, in another
study, an increase in antibodies in hemodialy-
sis patients with chronic renal failure, by using
ELFA technique was reported (28).

IgG and IgM antibodies were investigated in
cancer patients. A large number of individuals
had a positive IgG titer, which was valuable,
but there was no significant difference be-
tween the positive IgM levels (29). The num-
ber of cases with IgG titers was lower than
previous studies, attributed to the role of
community culture, customs, traditions and
food habits. A study carried out on renal
transplant recipients in Iran. The participants
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were monitored from the third month to one
year after transplantation for anti-Toxoplasma
antibody titers. Toxoplasmosis is not a major
risk factor in renal transplant patients (30). In
the present study, the results also showed that
toxoplasmosis is not considered as a major
risk factor in individuals with acute leukemia
and lymphoma, since the probability of infec-
tion recurrence is low in these patients due to
the use of drug and chemotherapy. Several
studies have referred to the positive and im-
portant role of avidity to diagnose the recent
activation of Toxoplasma, but no studies have
been conducted, about this issue, on leukemia
yet (19, 20, 31).

In the present study, one positive case was
detected by using the IgG avidity ELISA test
that indicated a new infection with Toxoplasma.
Therefore, avidity testing is very useful for
differential diagnosis and timely treatment of
active toxoplasmosis.

Toxoplasmosis is not considered as a main
risk factor in patients with acute leukemia and
lymphoma, considering the possibility of a
new infection in patients with immunodefi-
ciency and negative serum and also secondary
toxoplasmosis in patients with positive serum
and the subsequent brain complications, it is
necessary to perform specialized pre-treatment
tests in these patients as a group of immuno-
compromised patients who undergo chemo-
therapy and these tests should be considered
in therapeutic protocols. The limitations of
this study included the patient's post-
treatment follow-up status as some patients
died, and some did not return to the study due
to their long physical distances.

Conclusion

T. gondii infection is very common among
patients with acute leukemia in Tabriz, Iran.
The results of the present study showed that
Toxoplasma has the potential to develop new
infection in Toxoplasma seronegative patients
with leukemia and lymphoma. Therefore, due
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to the risk of secondary toxoplasmosis in pa-
tients with positive serum and subsequent oc-
currence of brain complications in individuals
with negative serum, screening of patients
with leukemia and lymphoma, as a group of
immunosuppressed patients who undergo
chemotherapy, is necessary. Considering the
high prevalence of positive cases in this study,
oncologists should consider specialized tests
for toxoplasmosis before, during, and after
chemotherapy.
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