Original articles

Russian Journal of Infection and Immunity = Infektsiya i immunitet
2021, vol. 11, no. 6, pp. 1083-1088

TOXOPLASMA GONDIIINFECTION IN PATIENTS
WITH MALIGNANT AND BENIGN BONE TUMOURS

M. Hajizadeh?, R. Falak®, M. Tavakoli-Yaraki?, R. Hosseinzadeh?, M. Alipour®,
E. Ahmadpour®, R. Rafiei-Sefiddashti?

oerMHaﬂbele CTaTbu

NHdekumns n uMmyHnTeT
2021, T. 11, Ne 6, c. 1083-1088

@ [ran University of Medical Sciences, Tehran, Iran
b Tabriz University of Medical Sciences, Tabriz, Iran

Abstract. Toxoplasma gondii (T. gondii) is an intracellular parasite that infects humans, and seroprevalence of its infection
varies from about 10 to 80 percent in different countries with a higher prevalence in warmer and humid regions. In this
study, the rate of acute and chronic toxoplasmosis in patients with benign or malignant bone tumours was investigated.
Fifty-three patients who suffered from various bone tumours, as well as sixty-five healthy controls with an unknown sero-
logical profile for anti-7oxoplasma antibodies, were enrolled in this cross-sectional study. Anti-Toxoplasma antibodies were
detected in serum samples using enzyme-linked immunosorbent assay (ELISA) and blood samples of them were used
for real-time PCR. Thirty-two (60.32%) and twenty-one (39.63%) of patients had malignant tumours and benign tumours,
respectively. The results showed a higher and significant seropositivity rate of [gM antibodies in primary bone tumour
patients compared to the control group and Toxoplasma DNA became positive in 18.86% of patients with primary bone
tumours and 6.15% of controls. Surprisingly, the high presence of parasite DNA was detected in patients with malignant
tumours. The seroprevalence of 7. gondii IgM antibodies and DNA positivity among the cancer patients were significantly
higher than healthy individuals. Also, chronic toxoplasmosis (it was shown with IgG positive) appears to be more com-
mon in people with benign cancers than malignancies. The study showed a relatively high seroprevalence of anti-7. gondii
antibodies in patients with primary bone cancer. However, the considerable rate of positive blood samples for the presence
of parasite’s DNA should not be ignored. A key to the effective management of diseases in immunosuppressed individuals
is prompt and accurate diagnosis of toxoplasmosis. Moreover, it seems that PCR tests may be more reliable than serologi-
cal methods and it could be considered as a precise method for diagnosis of acute toxoplasmosis.
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Pestome. Toxoplasma gondii (T. gondii) — 3T0 BHYTPUKJIETOUHBIH IMapa3uT, MaTOTeHHBIN 1715 YeaoBeka. PacripocTpaHeH-
HOCTb COOTBETCTBYIOILEH MH(eKIMU Kojiebnaercs oT 10 1o 80% u HanboJjiee BHICOKA OHA B CTPaHAaX C TEIUIBIM U BJIaXK-
HBIM KJIMMaToM. B HacTosieM 1uccieqoBaHU U3ydalach 4acTOTa OCTPOro M XpOHUUECKOT0 TOKCOILIa3M03a Y Mally-
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€HTOB ¢ JOOPOKaYeCTBEHHBIMU HMJIM 3JI0KAaUYeCTBEHHBIMHU OITYXOJISIMH KOCTeli. B maHHOM IToIiepeYHOM HUCCIeI0BaH T
MPUHSUTA ydacTue 53 MalueHTa, CTpajalolninX pa3TuIHBIMU HOBOOOPa30BaHUSIMK KOCTEH, a TaKxke 65 3I0pOBBIX
JIIOJIe ¢ HEM3BECTHBIM CEPOJIOTMYECKUM MPOodUIeM aHTUTEN MPOTUB TOKCOMIa3Mbl, COCTABUBIIMX KOHTPOJbHYIO
Ipynmy. AHTUTeNa MPOTUB TOKCOIIa3Mbl ObLIM OOHAPYKEeHbI B 00pa3liaX CHIBOPOTKM C MOMOILbIO TBEPIO(ha3HOTO
nmMmyHodepmenTHoro aHanusa (ELISA), a o0pa3ubl KpoBu Oblin Mcnojb3oBaHbl as [TLP B peanbHOM BpeMeHMU.
32 (60,32%) 1 21 (39,63%) nauueHT MMeIU 3JI0KaueCTBEHHbIE U J0OPOKAYECTBEHHbBIE OIYXOJU COOTBETCTBEHHO. bo-
Jiee BBICOKMI 1 3HAYMMBIN ypoBeHb IgM-aHTUTE OTMEUEH y TTAalIMEeHTOB C TICPBUYHOM OITYX0JIbI0 KOCTU B CPAaBHECHUM
¢ rpynnoii koutpous, a JHK Toxoplasma Obina obHapyxkeHa y 18,86% nalneHTOB ¢ IEPBUYHBIMU OIYXOJISIMU KOCTER
ny 6,15% nmauueHTOB U3 KOHTPOJIbHOM rpymmnbl. HeoxnaaHHBIM 0Ka3anoch BeicoKoe comepxkaHue JHK mapasuta
y TAIMEHTOB CO 3JI0KaueCTBEHHBIMHU OIyXodaMu. PacripoctpanenHocTh aHTUTEN IgM K T. gondii m oOHapyXeHMe ee
JHK cpeny oHKOJIOTHYECKHUX OOJIBHBIX OBLIM 3HAYMTEIHLHO BEINIE, YeM Y 3I0POBEIX Jtoneii. Kpome Toro, xpoHuuec-
KM TOKCOITJIa3M03 (IMaTHOCTUPOBAHHBIN 10 TIOJIOKHUTEIBHOMY pe3yabTary Tecta Ha IgG), mo-BUIMMOMY, dalie
BCTpevaeTcs yIoneil ¢ 100poKadecTBeHHBIMM (hopMaMU paka, 9eM CO 3JJ0KaueCTBEHHBIMM HOBOOOpPA30BaHUSIMU.
HccnenoBaHue mokas3ano OTHOCUTENBHO BBICOKYIO PACIIPOCTPAHEHHOCTh aHTU-1. gondii y TAllMEHTOB C MEPBUYHBIM
pakoM KocTu. OMHAKO HeJIb3s1 HE YUYUThIBATh 3HAUMTEIbHBIN MPOLIEHT MOJOXUTEIbHBIX 00pa31ioB KPOBU Ha HAJIWUYKe
JHK napasuta. Kitouom K 3¢ GeKTUBHOMY JIeUyeHUI0 3a001eBaHuii Yy Ttofeil ¢ 0cabJeHHBIM UMMYHUTETOM SIBJISI-
€TCs CBOEBpEeMEHHasl ¥ TOYHasl IMarHoCTUKa ToKcornaa3mo3a. bonee toro, mo-puaumomy, Tecthl [P MoryT ObITH
0oJiee HalEXKHBIMU, YEM CEPOJIOTUYECKHE METOIBI, X MX MOXHO pacCMaTpUBaTh KaK TOUHBIN METOI TMarHOCTUKU
OCTPOr0 TOKCOILJIa3MO03a.

Karouesvie cao6a: nepsutnas onyxoab KOCmu, 310KaA4eCMEeHHAs ONYX0ab, 000POKa4ecmeeHHas onyxonb, mokconiazmos, Toxoplasma

gondii, I11]P 6 peaavrom épemeru.

Introduction

Toxoplasma gondii (T. gondii) is an obligatory in-
tracellular parasite that infects humans and many
animal species and approximately one-third of the
world’s population is at risk of infection with this
protozoan [11, 25]. Seroprevalence of 7. gondii infec-
tion varies from about 10 to 80 per cent in different
countries with a higher prevalence in warmer and
humid regions [8, 9, 26]. Host immune system plays
the most important role in pathological symptoms
of toxoplasmosis, for example, immunocompetent
individuals rarely show considerable signs, however,
this infection in immunocompromised persons may
lead to severe diseases such as encephalitis, pneumo-
nia, retinochoroiditis and even death [1, 31].

B lymphocytes produce various classes of anti-
bodies in response to 7. gondii infection which could
be applied for serodiagnosis, like specific IgM which
can be detected within 7—15 days in acute infection,
however, class switching to IgG antibodies and pro-
duction of a higher titer and avidity of this class of an-
tibody is observed in chronic toxoplasmosis [12, 28].
Therefore, one of the easiest diagnostic tests for the
routine detection of toxoplasmosis is a screening
of specific IgG and IgM antibodies in serum, however;
the application of molecular techniques may be more
sensitive and appropriative methods for diagnosis
of acute toxoplasmosis in high-risk patients especial-
ly in cancerous people with low traceable antibodies
in consequence of radio or chemotherapy [2, 22, 25].

Cancer is one of the major causes of mortality
worldwide and is the second leading one in develop-
ing countries [18]. Primary bone tumours impose
aburden of mortality and morbidity with a wide range
of clinical manifestations including pain, peripheral

inflammation and bone fractures on the patients,
worldwide. Various histological types of primary
bone tumours include benign (osteochondroma, gi-
ant cell tumour, exostosis) and malignant (osteosar-
coma, Ewing’s sarcoma, chondrosarcoma) tumours
with nonspecific symptoms which make it difficult
to be managed by clinicians [10, 30].

Toxoplasmosis can cause opportunistic life-
threatening infection in cancer patients [4].
On the other hand, several studies hypothesized that
T. gondii infection is responsible for the progres-
sion of malignant diseases due to inhibition of apo-
ptosis and motility of macrophages [6]. Therefore,
epidemiological studies are required to estimate
the rate of infection in high-risk individuals, espe-
cially in immunocompromised patients with malig-
nancies undergoing chemotherapy [1, 27]. A case-
control study of 900 different cancer patients and
900 controls was conducted in China for evaluating
the epidemiology of 7. gondii infection and the results
showed a high significant prevalence of anti 7. gon-
dii 1gG in cancer patients but because of rare inci-
dence of different bone tumours, this type of tumour
hadn’t been mentioned [7], so in this study, we aimed
to evaluate the serum levels of IgG and IgM using
enzyme-linked immunosorbent assay (ELISA) and
determine parasite-specific DNA by quantitative re-
al-time polymerase chain reaction (QPCR) in afore-
mentioned patients.

Materials and methods

Fifty-three patients who suffered from various
bone tumours, as well as sixty-five healthy controls
with an unknown serological profile for anti-7oxo-
plasma antibodies, were enrolled in this cross-sec-
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tional study with local ethical approval and informed
consent, from March to August 2019. The blood
samples were collected from patients who were diag-
nosed for primary bone cancer and subjected to sur-
gery at the Shafa Orthopedic Hospital. The patient
group was divided into patients with benign tumour
subgroups including osteochondroma, giant cell tu-
mour (GGT), exostosis, and other types and patients
with malignant tumour subgroups including osteo-
sarcoma, Ewing’s sarcoma, chondrosarcoma, and
other sarcomas. Approximately five ml of blood was
obtained from each participant and divided into two
tubes. The tube with no anticoagulant was used for se-
rum isolation to be applied in serological tests and
the second tube containing EDTA was used for isola-
tion of buffy coat leukocytes and subsequently DNA
purification. All samples were stored at —20°C until
use. The serum titre of anti-7. gondii antibodies (IgG
and IgM) were measured using commercial enzyme-
linked immunosorbent assay (ELISA) kits according
to the manufacturer’s setting (Pishtazteb, Iran) and
the absorbance was read by ELISA reader (Biohit,
BP800, Finland) at 450 nm versus 630 nm. All ex-
periments were performed in duplicate and equivocal
results were repeated [2, 29].

Genomic DNA was extracted from the isolated
buffy coat samples using DNA extraction mini kit
(YTA Co., Iran) according to the manufacturer’s in-
struction. Specific primers for repeated element (RE)
gene of T. gondii (F 5-AGG GAC AGA AGT CGA
AGG GG-3’ and R 5-GCA GCC AAG CCG GAA
ACA TC-3’) was designed using NCBI blast soft-
ware [3]. The DNA samples were tested for the presence
of the 164-bp fragment of RE gene of 7. gondii by real-
time PCR machine (Rotor-Gene Q, Qiagen, USA),
in 20 pl volumes, as previously described [3]. Briefly,
1 ng of DNA template was added to SYBR Green
PCR Master Mix (YTA Co., Iran). Afterwards, 0.8 pl
of each forward and reverse primers with a concentra-
tion of 1 pmol/ul was added and distilled water was used
for volume adjustment. Quantitative PCR (qPCR) was
performed at 95°C for 10 min, followed by 40 cycles at
94°C for 30 s, 55°C for 30 s, and 72°C for 30 s. The PCR
experiments were repeated three times.

Statistics. Data were recorded and analysed with
the SPSS v.18 software (SPSS Inc., Chicago, ILL,
USA) using Mann—Whitney and Chi-square tests.
The p-value < 0.05 was considered as significant.

Table 1. Demographics data of bone cancer
patients and healthy individuals

Number
Number of healthy
Characteristics of patients individuals
(n=53) (n = 65)
Female 24 (45.28%) | 51(78/46%)
Gender
Male 29 (54.71%) 14 (21/53%)
<20yearsold 14 (26.14%) 4 (6/15%)
Age 20-40 years old 26 (49%) 43 (66.15%)
g 40-60 years old 7(13.2%) 14 (21.53%)
> 60 years old 6 (11.3%) 4 (6/15%)
Results

The demographic data of the participants are pre-
sented in Table 1. Thirty-two (60.32%) and twenty-
one (39.63%) of patients had malignant tumours and
benign tumours, respectively. The results showed
a higher and significant seropositivity rate of IgM
antibodies in primary bone tumour patients com-
pared to the control group (Table 2). All samples were
tested by real-time PCR for Toxoplasma DNA which
became positive in 18.86% of patients with primary
bone tumours and 6.15% of controls. Surprisingly,
the high presence of parasite DNA was detected in pa-
tients with malignant tumours (Table 2). We founded
a higher IgG and IgM titer against 7. gondii in pa-
tients with benign versus malignant bone tumours
but PCR results in malignant patients had a higher
percentage than benign patients and control group.

A p-value less than 0.05 was considered signifi-
cant statistically and the seroprevalence of 7. gondii
IgM antibody and DNA positivity among the cancer
patients were significantly higher than healthy in-
dividuals (p = < 0.001 and p = 0.005 respectively).
Also, chronic toxoplasmosis (it was shown with IgG
positive) appears to be more common in people with
benign cancers than malignancies.

Discussion

One of the accepted hypothesis is a higher in-
cidence of opportunistic infections such as toxo-
plasmosis in cancer patients as a group of immu-
nocompromised individuals [20], for example,
the seroprevalence rate of 7. gondii infection in Iran

Table 2. Seropositivity rates for anti-T. gondii antibodies and parasite DNA positivity in primary malignant,

benign bone tumour patients and control group

Number 1gG positive IgM positive PCR positive
Group Subgroups
ofsamples | No.| % |p-value|No.| % |p-value|No.| % |p-value
Malignant bone tumours 32 14 | 43.75 0.44 4 12.50 | <0.001 | 7 21.87 | 0.001
g:t':gﬁzs Benign bone tumours 21 11 | 5238 | 006 | 4 | 19.04 |<0.001| 3 | 1428 | 006
Total patients 53 25 | 4716 0.23 8 15.09 | <0.001 | 10 | 18.86 | 0.005
Controls | Controls 65 25 | 38.46 0 0 4 6.15
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was 45—51% in cancer patients but 39% in healthy
individuals [1, 8]. However, the geographical fac-
tors, eating habits and livestock farming practices
can be effective in the prevalence of this infection.
Khabaz et al. showed that anti-7. gondii IgG was de-
tected in 63.6% of patients with neoplasia and 58%
of healthy controls, although, all of the participants
(case and control groups) were negative for anti-
T. gondii 1gM antibodies [19]. T. gondii seropreva-
lence was 60.3% in immunocompromised patients
and 33.3% in healthy individuals in other provinces
during 2014—2015 [17]. Otherwise, the higher rate
of T. gondii infection in immunocompromised indi-
viduals, such as cancer patients could be due to many
reasons such as a difference in genetic susceptibility
and the source of 7oxoplasma infection [1, 32]. So,
it might be concluded that a high incidence of acute
toxoplasmosis in bone cancer patients could be due
to impaired genetic system or decreased immunity
to encounter this protozoan. The high rate of PCR
results obtained for 7. gondii DNA in cancer pa-
tients (18.86% against 6.15% in a healthy individual)
could be a witness of this hypothesis and the lower
immunity in malignant patients may be explained
with more incidence of this infection in patients with
malignant tumours versus benign types (21.87% and
14.28%, respectively). On the other hand, this para-
site could remain silent in tissue cysts that are com-
monly formed in different organs such as the central
nervous system and the situations such as the im-
mune suppression in cancer patients or the thera-
peutic process can cause reactivation of parasite and
latent toxoplasmosis [24]. So, this can account as an-
other reason for a high percentage of positive PCR
and IgM results in cancer.

In the current study, the findings emphasize rais-
ing the possible role of cancer on 7. gondii infection
susceptibility, because the seroprevalence of anti-
Toxoplasma antibodies in patients was higher (47.16%
versus 38.46%). The other hypothesis is the effect
of persistent infection on the promotion of cancer due
to rising mutation rates as a result of long-term host
defence responses in inflammation situations [15].
Also, intercellular pathogens like 7. gondii may dis-
rupt cell barriers against oncogenic agents and might
cause mutations after accumulating over time [14].

Interestingly, we observed that two PCR positive
patients in the malignant group were negative for anti-
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Toxoplasma IgM and IgG antibodies in ELISA which
might be due to the recent infection or impaired im-
mune response following immunosuppressive thera-
py. It was mentioned that serological tests could be
sometimes inadequate for detecting active infection
in immunosuppressed individuals, because the anti-
body titre may not rise enough to be detected [13, 23].
Overall, these patients are incapable of developing
high titres of antibodies against 7. gondii. Moreover,
anti-neoplastic drug therapy could impair specific
anti-Toxoplasma antibody production [16, 21].

Hence, serological methods alone have low reli-
ability in both patients and healthy; it was strongly
recommended that serologic tests should be com-
bined with other diagnostic methods like gene am-
plification for accurate clinical diagnosis of active
toxoplasmosis. Molecular methods are efficient
techniques that allow specific amplification of DNA.
The real-time qPCR could be successfully used
to 7. gondii diagnosis and is capable to detect low
concentrations of target DNA [3, 22, 32]. Besides,
to increase the specificity and sensitivity of immu-
nological assays in immunocompromised patients,
new antigenic targets should be designed the parasite
to have a potential immunogenic antigen in immu-
nodiagnostic tools of toxoplasmosis in patients with
cancer [5].

Conclusion

The study showed a relatively high seroprevalence
of anti-7. gondii antibodies in patients with primary
bone cancer. However, the considerable rate of posi-
tive blood samples for the presence of parasite’s DNA
should not be ignored. A key to the effective manage-
ment of diseases in immunosuppressed individuals
is prompt and accurate diagnosis of toxoplasmosis.
Moreover, it seems that PCR tests may be more reli-
able than serological methods and it could be consid-
ered as a precise method for diagnosis of acute toxo-
plasmosis.

Competing interests

The authors declare that there is no conflict
of interest regarding the publication of this article.
The sponsor or funding organization had no role
in the design or conduct of this research.

1. Ahmadpour E., Daryani A., Sharif M., Sarvi S., Aarabi M., Mizani A., Rahimi M.T., Shokri A. Toxoplasmosis in immuno-
compromised patients in Iran: a systematic review and meta-analysis. J. Infect. Dev. Ctries, 2014, vol. 8, no. 12, pp. 1503—1510.

doi: 10.3855/jidc.4796

2. Ahmadpour E., Pishkarie-Asl R., Spotin A., Samadi Kafil H., Didarlu H., Azadi Y., Barac A. Sero-molecular evaluation
of Toxoplasma gondii infection among HIV-positive patients. Trans. R. Soc. Trop. Med. Hyg., 2019, vol. 113, no. 12, pp. 771-775.

doi: 10.1093/trstmh/trz082

3. Ahmadpour E., Zargami E., Mahami-Oskouei M., Spotin A., Shahbazi A., Kafil H.S., Rajabi S., Alizadeh P., Azadi Y., Bahaj R.,
Shahrivar F., Barac A. Diagnosis of Toxoplasma gondii infection in pregnant women using automated chemiluminescence and
quantitative real time PCR. Asian Pacific Asian Pac. J. Trop. Med., 2019, vol. 12, no. 1, pp. 26—31.

1086



2021, T. 11,Ne 6 Toxoplasma gondii infection in bone tumours patients

11.

12.

13.

14.

15.
16.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Anvari D., Sharif M., Sarvi S., Aghayan S.A., Gholami S., Pagheh A.S., Hosseini S.A., Saberi R., Chegeni T.N., Hosseininejad Z.,
Daryani A. Seroprevalence of Toxoplasma gondii infection in cancer patients: a systematic review and meta-analysis. Microb.
Pathog., 2019, vol. 129, pp. 30—42. doi: 10.1016/j.micpath.2019.01.040

Arab-Mazar Z., Fallahi S., Koochaki A., Haghighi A., Tabaei S.J.S. Immunodiagnosis and molecular validation of Toxoplasma
gondii-recombinant dense granular (GRA) 7 protein for the detection of toxoplasmosis in patients with cancer. Microbiol. Res.,
2016, vol. 183, pp. 53—59. doi: 10.1016/j.micres.2015.11.006

Carmen J.C., Sinai A.P. Suicide prevention: disruption of apoptotic pathways by protozoan parasites. Mol. Microbiol., 2007,
vol. 64, no. 4, pp. 904—916. doi: 10.1111/j.1365-2958.2007.05714.x

Cong W, Liu G.H., Meng Q.F., Dong W,, Qin S.Y., Zhang F.K., Zhang X.Y., Wang X.Y., Qian A.D., Zhu X.Q. Toxoplasma
gondii infection in cancer patients: prevalence, risk factors, genotypes and association with clinical diagnosis. Cancer Lett., 2015,
vol. 359, no. 2, pp. 307—313. doi: 10.1016/].canlet.2015.01.036

Daryani A., Sarvi S., Aarabi M., Mizani A., Ahmadpour E., Shokri A., Shokri A., Rahimi M.T., Sharif M. Seroprevalence
of Toxoplasma gondii in the Iranian general population: a systematic review and meta-analysis. Acta Tropica, 2014, vol. 137,
pp. 185—194. doi: 10.1016/j.actatropica.2014.05.01

De la Luz Galvan-Ramirez M., Troyo R., Roman S., Calvillo-Sanchez C., Bernal-Redondo R. A systematic review and meta-
analysis of Toxoplasma gondii infection among the Mexican population. Parasites Vectors, 2012, vol. 5, no. 1: 271. doi: 10.1186/1756-
3305-5-271

Dorfman H.D., Czerniak B. Bone cancers. Cancer, 1995, vol. 75, no. 1, pp. 203—210. doi: 10.1002/1097-0142(19950101)75:1+<203::
aid-cncr2820751308>3.0.co, 2-

Dubey J., Jones J. Toxoplasma gondii infection in humans and animals in the United States. Int. J. Parasitol., 2008, vol. 38, no. 11,
pp. 1257—1278. doi: 10.1016/].ijpara.2008.03.007

Dupont C.D., Christian D.A., Hunter C.A. Immune response and immunopathology during toxoplasmosis. Semin. Immunopathol.,
2012, vol. 34, no. 6, pp. 793—813. doi: 10.1007/s00281-012-0339-3

Embil J., Covert A., Howes W., Tanner C., Staudt M. Visualization of Toxoplasma gondii in the cerebrospinal fluid of a child with
a malignant astrocytoma. Can. Med. Assoc. J., 1985, vol. 133, no. 3, pp. 213—214.

Ewald P.W. An evolutionary perspective on parasitism as a cause of cancer. Adv. Parasitol., 2009, vol. 68, pp. 21—43. doi: 10.1016/
S0065-308X(08)00602-7

Fitzpatrick R. The strange case of the transfer of training estimate. Ind. Organ. Psychol., 2001, vol. 39, no. 2, pp. 18—19.

Gleason T.H., Hamlin W.B. Disseminated toxoplasmosis in the compromised host: a report of five cases. Arch. Intern. Med., 1974,
vol. 134, no. 6, pp. 1059—1062.

Hassanzadeh M., Rasti S., Hooshyar H., Momen-Heravi M., Soliemani A., Mousavi S.G.A. Seroepidemiology of Toxoplasma
gondii infection in immunodeficiency patients in Kashan and Qom during 2014—2015. FEYZ, 2017, vol. 21, no. 5, pp. 483—489.

. Jemal A., Bray F., Center M.M., Ferlay J., Ward E., Forman D. Global cancer statistics. Cancer J. Clin., 2011, vol. 61, no. 2,

pp. 69—90. doi: 10.3322/caac.20107

Khabaz M.N., Elkhateeb L., Al-Alami J. Reactivation of latent Toxoplasma gondii in immunocompromised cancer patients.
Comp. Clin. Pathol., 2011, vol. 20, no. 2, pp. 183—186. doi: 10.1007/s00580-010-0975-8

Klastersky J., Aoun M. Opportunistic infections in patients with cancer Ann. Oncol., 2004, vol. 15, no. 4, pp. iv329—iv335.
doi: 10.1093/annonc/mdh947

Kusne S., Dummer J.S., Ho M., Whiteside T., Rabin B.S., Makowka L., Esquivel C.O., Starzl T.E. Self-limited Toxoplasma para-
sitemia after liver transplantation. Transplantation, 1987, vol. 44, no. 3, pp. 457—458.

Liu Q., Wang Z.-D., Huang S.-Y., Zhu X.-Q. Diagnosis of toxoplasmosis and typing of Toxoplasma gondii. Parasites Vectors, 2015,
vol. 8, no. 1: 292. doi: 10.1186/513071-015-0902-6

Mechain B., Garin Y.J.E., Robert-Gangneux F., Dupouy-Camet J., Derouin F. Lack of utility of specific immunoglobulin G an-
tibody avidity for serodiagnosis of reactivated toxoplasmosis in immunocompromised patients. Clin. Diagn. Lab. Immunol., 2000,
vol. 7, no. 4, pp. 703—705. doi: 10.1128/CDLI.7.4.703-705.2000

Pradhan S., Yadav R., Mishra V.N. Toxoplasma meningoencephalitis in HIV-seronegative patients: clinical patterns, im-
aging features and treatment outcome. Trans. R. Soc. Trop. Med. Hyg., 2007, vol. 101, no. 1, pp. 25—33. doi: 10.1016/j.trst-
mh.2006.02.021

Roozbehani M., Falak R., Mohammadi M., Hemphill A., Razmjou E., Meamar A.R., Masoori L., Khoshmirsafa M., Moradi M.,
Gharavi M.J. Characterization of a multi-epitope peptide with selective MHC-binding capabilities encapsulated in PLGA na-
noparticles as a novel vaccine candidate against Toxoplasma gondii infection. Vaccine, 2018, vol. 36, no. 41, pp. 6124—1632.
doi: 10.1016/j.vaccine.2018.08.068

Rouatbi M., Amairia S., Amdouni Y., Boussaadoun M.A., Ayadi O., Al-Hosary A.A.T., Rekik M., Ben Abdallah R., Aoun K.,
Darghouth M.A., Wieland B., Gharbi M. Toxoplasma gondii infection and toxoplasmosis in North Africa: a review. Parasite,
2019, vol. 26. doi: 10.1051/parasite/2019006

Safarpour H., Cevik M., Zarean M., Barac A., Hatam-Nahavandi K., Rahimi M.T., Bannazadeh Baghi H., Koshki T.J.,
Pagheh A.S., Shahrivar F., Ebrahimi M., Ahmadpour E. Global status of Toxoplasma gondii infection and associated risk factors
in people living with HIV. AIDS, 2020, vol. 34, no. 3, pp. 469—474. doi: 10.1097/QAD.0000000000002424

Sasai M., Pradipta A., Yamamoto M. Host immune responses to Toxoplasma gondii. Int. Immunol., 2018, vol. 30, no. 3, pp. 113—139.
doi: 10.1093/intimm/dxy 004

Sharif M., Daryani A., Ebrahimnejad Z., Gholami S., Ahmadpour E., Borhani S., Lamsechi N. Seroprevalence of anti-Toxoplas-
ma IgG and IgM among individuals who were referred to medical laboratories in Mazandaran province, northern Iran. J. Infect.
Public Health, 2016, vol. 9, no. 1, pp. 75—80. doi: 10.1016/] jiph.2015.06.006

Verma N., Tyagi A., Singh P., Tyagi M., Rathi M., Sharma S. Incidence of bone tumors and tumor like lesions at a tertiary cen-
tre — a study of 64 cases. J. Res. Med. Sci., 2018, vol. 6, no. 2, pp. 533. doi: 10.18203/2320-6012.ijrms20180293

1087



M. Hajizadeh et al.

MHdekumns n uMmyHuTeT

31. Wang Z.-D., Liu H.-H., Ma Z.-X., Ma H.-Y., Li Z.-Y., Yang Z.-B., Zhu X.Q., Xu B., Wei F., Liu Q. Toxoplasma gondii infec-
tion in immunocompromised patients: a systematic review and meta-analysis. Front. Microbiol., 2017, vol. 8: 389. doi: 10.3389/

Jfmicb.2017.00389

32. Yuan Z., Gao S., Liu Q., Xia X., Liu X., Liu B., Hu R. Toxoplasma gondii antibodies in cancer patients. Cancer Lett., 2007,

vol. 254, no. 1, pp. 71-74. doi: 10.1016/j.canlet.2007.02.011

ABTOpbDI:

Xapxusage M., acnupaHT (MeanLmMHCKas Napasntonorus)
kadenpbl napasuTonornv u Mukonoruu, LLikona meanumHbl
MpaHckoro yHnusepcuteTa MeguUMHCKUX Hayk, . TerepaH, ipaH;
®danak P., goueHT kadeapsbl MeaNLUHCKON UMMYHONOM NN,
LLikona MmeanumnHbl ipaHCKOro yHMBepCcuTeTa MEANLMHCKUX HayK,
r. TerepaH, VpaH;

TaBakonu-Apaku M., K.H., BOUEHT kadbeapbl Groxmmmm,

LLikona meanumnHbl ipaHCKOro yHMBepCcuTeTa MEANLMHCKUX HayK,
r. Terepan, VpaH;

XoccenHsage P., MarncTp MeanMumnHCKON Napasunutonoriu,
kadenpa MeanunHCKON nMMyHonoruu, LLikona megmunHel
MpaHckoro yHnsepcuteTa MeguUmMHCKNX Hayk, I. TerepaH, ipan;
Anuntop M., cTyneHT kadeapbl NapasmTonornum u MUKOAOruu,
LLikona meanumnHbl ipaHCKOro yHMBepCcuTeTa MEAULMHCKUX HayKk,
r. Terepan, VpaH;

Axmaaniop 3., Tabpn3ckuii yHUBEPCUTET MELNLMHCKMX HayK,

r. Tabpus, Upak;

Paduen-Cedpuppawtu P., noueHT kadbenpbl napasnTonorum

1 mukonoruu, LLikona meamumHel paHckoro yHuBepcureTa
MeONLMHCKNX Hayk, I. TerepaH, MpaH.

Authors:

Hajizadeh M., PhD Student (Medical Parasitology), Department

of Parasitology and Mycology, School of Medicine, Iran University

of Medical Sciences, Tehran, Iran;

Falak R., Associate Professor, Department of Medical Immunology,
School of Medicine, Iran University of Medical Sciences, Tehran, Iran;
Tavakoli-Yaraki M., MSc, PhD, Associate Professor, Department

of Biochemistry, School of Medicine, Iran University of Medical
Sciences, Tehran, Iran;

Hosseinzadeh R., MSc (Medical Parasitology), Department

of Medical Immunology, School of Medicine, Iran University

of Medical Sciences, Tehran, Iran;

Alipour M., Student, Department of Parasitology and Mycology,
School of Medicine, Iran University of Medical Sciences, Tehran, Iran;
Ahmadpour E., Infectious and Tropical Diseases Research Center,
Tabriz University of Medical Sciences, Tabriz, Iran;
Rafiei-Sefiddashti R., Associate Professor, Department

of Parasitology and Mycology, School of Medicine, Iran University

of Medical Sciences, Tehran, Iran.

MocTynuna B pepakumio 26.12.2020
MpuHsaTa k neyvatn 17.05.2021

Received 26.12.2020
Accepted 17.05.2021

1088




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


