ISSN 0030-0675 (Print); ISSN 2412-8740 (English ed. Online); Journal of Ophthalmology (Ukraine) - 2022 - Number 4 (507)

Case Reports

http://doi.org/10.31288/oftalmolzh202244957

Recurrent ocular toxoplasmosis infection in a patient
with a selective deficiency of NK T-cells and cytotoxic CD8+ T-cells
associated with a genetic folate cycle deficiency

D. V. Maltsev, O. O. Hurzhii

' Research Institute of
Experimental and Clinical
Medicin, Bogomolets National
Medical University

Kyiv (Ukraine)
2 Visium Clinic
Kyiv (Ukraine)

Keywords:

toxoplasmic chorioretinitis, vitritis,
immunodeficiency, immunotherapy

Introduction

This paper reports a case of recurrent toxoplasmic chorioretinitis in a patient with
cellular immunodeficiency. A 37-year-old male presented to an ophthalmologist with
complaints of reduced visual acuity and discomfort in his left eye. He had a history
of at least two episodes of acute posterior uveitis without identifying the cause of
inflammation. An ophthalmoscopic evaluation revealed a scar in the right retina and
signs of acute vitritis and chorioretintis surrounding a scar in the left retina. Paired
serology confirmed a diagnosis of toxoplasmosis. A deficiency of NK T-cells and cytotoxic
CD8+ T-cells was noted, but there was no evidence of secondary immunosuppression.
The Primary Immunodeficiency (PID) panel providing sequencing of 208 genes did not
find a disease. A test for genetic folate cycle deficiency was conducted due to persistent
hyperhomocysteinemia. The genetic testing identified two pathogenic polymorphisms
in the genes coding for folic acid cycle enzymes (heterozygous MTHFR A1298C and
homozygous MTRR A66G), which was believed to be associated with a cellular immunity,
taking into account the data on immunosuppression and opportunistic infections in the
presence of a genetic folate cycle deficiency.

The following treatment was administered: spiramycin, 3.0 min units orally daily for
14 days, to inhibit toxoplasma, recombinant human alpha?2 interferon (3.0 min units
intramuscularly every other day for a month) and oxodihydroacridinylacetate sodium
2.0 min units intramuscularly every other day for a month, with switching between this
agent and interferon, to compensate for a deficiency of NK T-cells and CD8+ T-cells;
and daily peribulbar injection of betamethasone 4 mg/mL for 3 days. The first signs of
improved visual acuity were seen at day 8, and a complete restoration of vision in the left
eye was achieved by the end of one month of combination therapy. In addition, the patient
received three one-month courses of alphal interferon for compensation of cellular
immunodeficiency over two years which prevented a recurrence of toxoplasmosis.

Clinical management of eye patients with severe
recurrent ocular lesions from opportunistic infections
is a challenge because it requires close cooperation of a
wide range of medical specialties for identification of the
infectious agent, rational assessment of the immune status,
search for the cause of immunosuppression, and delivery
of comprehensive therapy that would include not only
measures to suppress microbial infection but also those
to compensate for an immune dysfunction that has caused
reactivation of latent or persistent infection in the human
body.

Toxoplasma gondii is a typical opportunistic agent
whichisre-activated inthe body of animmunocompromised
individual with a primary or secondary immunodeficiency,

and can cause severe ocular lesions in humans. In their
recent overview on clinical aspects of ocular toxoplasmosis,
Fabiani and colleagues [ 1] noted that at least 30% of current
population are seropositive for Toxoplasma gondii, and it
is in this cohort of individuals that severe ocular lesions
can develop if the parasite reactivates under conditions
of immunosupression. Kalogeropoulos and co-authors
[2] have reviewed recently the current diagnostic and
therapeutic approaches to Toxoplasma gondii, and reported
that, although the prevalence has somewhat decreased over
arecent decade, the agent is still a major cause of posterior
uveitis in individuals with low immunity, which manifests
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itself as vitritis and chorioretinitis. Because cases of severe
ocular toxoplasmosis infection have been reported mostly
in patients with HIV infection [3, 4], malignancies [5] and
primary immunodeficiency [6], immune status assessment
is essential for a rational differential diagnostic approach
in clinically manifest toxoplasmosis in humans. Our
literature review found that reports on the reactivation
of toxoplasmosis in immunocompetent individuals are
extremely rare [7].

In this paper, we describe a case of recurrent
toxoplasmic chorioretinitis in cellular immunodeficiency
and demonstrate the importance of assessing for the
immune status and selecting the targeted immunotherapy
for removing the signs of immunosuppression in
toxoplasmosis. The patient signed informed consent
regarding participation in the study and the processing
of personal data. The study adhered to the Declaration of
Helsinki.

Case report

A 37-year-old male presented to an ophthalmologist
with complaints of reduced visual acuity and discomfort
in his left eye. He had a history of at least two episodes
of acute posterior uveitis without identifying the cause of
inflammation and, consequently, without administering
a causal medical therapy and addressing the underlying
etiology. The patient reported that those episodes had been
treated with non-specific corticosteroid anti-inflammatory
therapy in the form of periocular injections and topical eye
drops.

On eye examination at presentation, Snellen
visual acuity in the right eye was 20/20. There was no
biomicroscopic or ophthalmoscopic evidence of active
inflammation in the right eye. Ophthalmoscopically, the
right optic disc appeared pale pink with clear margins.
Macular reflex was clear, and the macular region showed
no pathological changes. There was a white lesion
measuring 0.1 disc diameter with clear pigmented margins
in the temporonasal paramacular region. The vitreous
above the lesion showed no pathological changes.

At presentation, Snellen visual acuity in the left eye
was 20/100. Biomicroscopy of the left eye showed clear
aqueous and no cells or fibrinous effusion in the aqueous.
Papillary reaction to light was normal. Ophthalmoscopy
of the left eye showed an inflammatory cell response and
floating clumps of inflammatory cells in the vitreous body
(Fig. 1).

In the peripapillary region there were white retinal
lesions (measuring as much as 7-8 disc diameters totally)
with sharp pigmented margins (Fig. 1). In addition, below
these lesions, there was a peripapillary white lesion with
blurred margins and increased cell infiltration above the
lesion area. White perivascular sleeves surrounding the
lesion were observed in the retina. These ophthalmoscopic
findings were interpreted according to Stokkermans
and Havens in their recent study on human Toxoplasma
retinochoroiditis [8].

Blood white cell PCR and eye swab PCR with specific
primers for herpes simplex virus (HSV) 1/2, Varicella-zoster
virus (VZV) , Epstein Barr virus (EBV), Cytomegalovirus
(CMV), human herpesvirus (HHV)-6, HHV-7, HHV-8§,
adenoviruses, enteroviruses, torque teno virus (TTV), B19
parvovirus, hepatitis B, C, D and G, T. gondii, Borrelia
burg., Chlamydia pneum., and Mycoplasma pneum were
performed at the Neurobiochemistry Laboratory of the
Romodanov Neurosurgery Institute to find the cause of
acute chorioretinitis that was believed to be recurrent
given the old chorioretinal scars in both eyes. All PCR
tests were negative. Serum levels of specific IgM and
IgG to the above microbial agents were determined at
the Neurobiochemistry Laboratory. Serological studies
identified increased serum levels of specific IgG to T.
gondii (324 IU/ml against a normal value of N<10 IU/ml)
and CMV (84 IU/ml against a normal value of N<10 IU/
ml), but not to other causative agents. At this time point,
serum levels of specific IgG to T. Gondii were found to
be increased more than fourfold (324 IU/ml against 63
[U/ml), whereas those to CMV, were found not to change
substantially (84 IU/ml against 76 IU/ml), compared to 3
months before (the time point of previous exacerbation
of ocular pain). Therefore, paired serology confirmed a
Toxoplasmic etiology, but not a CMV etiology of acute
chorioretinitis in the left eye.

Zhang and colleagues [9] overviewed the serological
diagnosis of toxoplasmosis, including diagnostic strategy,
current problems in detection with specific antibodies,
and the standardization of T. Gondii serological detection.
They reported that, in the clinic, the serological detection
of [gM and IgG antibody levels are the basis for identifying
infection and the most commonly used methods.
Particularly, the identification of specific IgM antibodies
or evidence of an increase in the titer of specific IgG
antibodies over a short period after initial testing indicates
reactivation of the pathogen. Chan and colleagues [10]
reported on the results of a National Serosurvey in Haiti,
and concluded that multiplex serological assays can
provide a wealth of information about population exposure
to different infectious diseases including toxoplasmosis.
Borges and co-authors [11] compared the detection
of immunoglobulin isotypes and subclasses against
Toxoplasma gondii soluble antigen in serum and colostrum
samples from puerperal women, and reported that serum
and colostrum immunoglobulins of different classes and
subclasses provide a wealth of information about exposure
to toxoplasmosis. A recent case-control study by Babekir
and colleagues [12] evaluated the association of T. gondii
infection and liver disease, and found serum T. gondii
IgG+ antibody to be significantly associated with liver
injury biomarkers and an increased risk of chronic liver
disease and nonalcoholic fatty liver disease, demonstrating
the value of serological tests in toxoplasmosis.

Because Toxoplasma infection is caused by an
opportunistic agent which is reactivated from latency
or persistent infection mostly under conditions of
immunosuppression, we believed it was reasonable to
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assess the immune status of the patient in order to elucidate
a causative immunodeficiency. Another reason for this
belief was that, in the case reported here, the presence of
old chorioretinal scars in both eyes was consistent with the
recurrence of toxoplasmic chorioretinitis. Immunological
evaluation included complete blood cell count and
lymphocyte subpopulation analysis by flow cytometry on
a Beckman Coulter Epics XL flow cytometer (Beckman
Coulter, Miami, Fla.) and indirect immunofluorescence
with monoclonal antibodies to CD markers with two or
three immunofluorescent labels (CD3+ (N = 54-83%),
CD3+CD4+ (N = 26-58%), CD3+CD8+ (N = 21-35%),
CD3-CDI19+ (N = 5-14%), CD3-CD16+CD56+ (N =
5-15%), CD3+CD16+CD56+(N = 3—-8%)) and calculation
of the immunoregulatory index (N = 1.2 — 2.3) (reagents
from Beckman Coulter).

The run-time protocol of Epics XL (Epics XL- Flow
Cytometer; Beckman Coulter Inc., Brea, CA) flow
cytometry for identifying blood lymphocyte subsets by
CD markers is presented in Fig. 2).

Functional T cell activity was assessed by concanavalin
A-induced T cell blast transformation (N = 1.2 — 1.68
optical units). Phagocytosis was assessed by latex bead
ingestion with the determination of the phagocytic index
(N = 1.5-3.0 units) and by the myeloperoxidase activity
(ELISA, N = 18-23 units) and NADPH oxidase activity
of neutrophils (nitroblue tetrazolium test; spontaneous
activity, N = 80—125 units; induced activity, N = 150-380
units). Serum levels of major immunoglobulin classes
were determined by enzyme-linked immunosorbent assay
(ELISA) (VektorBEST, Russia; N IgM = 0.8-1.6 g/L, N
IgA=0.6-2.5 g/L, N IgG = 6.0-15.0 g/L). Serum levels of
minor IgE (N =30-100 IU/mL), IgD (N > 13 [U/mL) and
IgG (N IgG1= 280-1120 mg per scale division, N IgG2
=30-630 mg per scale division, N IgG3 = 40-250 mg per
scale division, N IgG4 = 11-620 mg per scale division)
immunoglobulin classes were determined by ELISA
(VektorBEST, Russia; MDI Limbach Berlin GmbH,
Germany).

The results of a complete blood cell count indicated
absolute lymphocytosis and monocytosis and relative
neutropenia in the presence of anormal blood sedimentation
rate. We found that, of the immune status biomarkers
assessed, only the counts of CD3+CD16+CD56+ T-cell
(natural killer T-cell) and cytotoxic CD8+ T-cells were
not within the reference ranges; particularly, they were
almost less than half of the low limit of the normal range
(1.4%; 0.02 x 109/L and 12%; 0.08 x 109/L, respectively).
To further validate our findings, we randomly repeated
immunological studies and obtained similar results (1.3%;
0.04 x 109/L and 13%; 0.09 x 109/L, respectively) to
initial studies.

Therefore, we identified a selective deficiency of NK
T-cells and cytotoxic CD8+ T-cells. These findings are
in agreement with the current ideas on the mechanisms
of immune surveillance of T. gondii, with a subset of
cytotoxic NK T-cells having been attributed a key role in

an effector immune response to the opportunistic pathogen
[13]. The results of at least three recent reviews of clinical
studies on immune protection in human toxoplasmosis
have demonstrated key importance of cytotoxic CD8+ and
NK T-cells in the control over the latent Toxoplasma in the
human body [14, 15, 16]. It was obvious that deficiency of
NKT cells and cytotoxic CD8+ T cells and was the most
likely cause of a critical impairment in immune surveillance
of endogenous T. gondii and the development of T. gondii-
induced acute chorioretinitis. However, the question of the
origin of the above cellular immunodeficiency in our patient
was still open. The patient’s history and additional studies
gave no evidence of such common causes of secondary
immunosuppression as HIV infection, endocrine disorder,
malignancies and taking immunosuppressive medications.
We had to exclude primary immunodeficiency whose
laboratory phenotype could include deficiency of NKT
cells and cytotoxic CD8+ T cells. For this purpose, Primary
Immunodeficiency (PID) panel (Centogene, Rostock,
Germany) was employed, including studies of nucleotide
variants of more than 208 genes associated with well-
known human primary immunodeficiencies. Since these
genetic studies were negative, we retrospectively analyzed
the results of all the available biochemical studies that
the patient had undergone throughout his life. In this
way we found a characteristic pathologic phenomenon,
hyperhomocysteinemia (i.e., pathologically increased
serum homocysteine levels); this was seen in the results
of numerous studies which the patient had undergone.
Thus, the patient’s serum homocysteine levels varied
from 11.6 pMol/L to 19.1 uMol/L against a normal value
of < 8 uMol/L. This finding supposed a genetic folate
cycle deficiency, because hyperhomocysteinemia is a
characteristic laboratory finding of this genetic disorder
[17,18].

Consequently, the patient had a special genetic
testing at the Neurobiochemistry Laboratory of the
Romodanov Neurosurgery Institute to identify pathologic
polymorphisms in the genes coding for folic acid cycle
enzymes, MTHFR C677T (rs1801133), MTHFR A1298C
(rs1801131), MTRR A66G (rs1801394) and MTR
A2756G (rs1805087). The genetic testing identified two
pathogenic polymorphisms in the genes coding for folic
acid cycle enzymes (heterozygous MTHFR A1298C and
homozygous MTRR A66G), which was consistent with
the condition of persistent hyperhomocysteinemia, and
confirmed the presence of a genetic folate cycle deficiency
in the patient. The results of restricted PCR for pathogenic
polymorphisms in MTHFR and MTRR genes are presented
in Figs. 3 and 4.

Experimental and clinical studies have reported on
alterations of the immune status in patients with a verified
genetic folate cycle deficiency as well in those with a
folic acid deficiency. Van der Weyden and colleagues
[19] found a suppressed metabolism of lymphoblasts in
folate deficiency which involves altered deoxynucleotide
metabolism and thymidylate cycle activities. Partearroyo
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and co-authors [20] demonstrated that vitamin B12 and
folic acid imbalance typical for the folate cycle deficiency
phenotype suppressed the NK function and B lymphocyte
activity and induced lymphoproliferation. Courtemanche
and colleagues [21] found that folate deficiency inhibited
the proliferation of primary human cytotoxic CD8+ T
lymphocytes. Abe and co-authors [22] demonstrated that
folic acid deficiency resulted in a reduction in the number
of NK cells, T lymphocytes and B cells, but not in the
number of basophils and granulocytes. Unmetabolized
folic acid in serum has been noted in genetic folate cycle
deficiency and was found by Troen and colleagues [23]
to be associated with reduced NK cell cytotoxicity among
postmenopausal women. Bhatnagar and colleagues [24]
described pancytopenia due to severe folate deficiency.

In addition, it has been reported previously on the
development of severe opportunistic infections due to NK
deficiency in patients with genetic folate cycle deficiency.
Particularly, HSV-2-associated transverse sacral myelitis
has been reported in a patient with selective NK cell
deficiency associated with genetic folate cycle deficiency
[25]. We have previously reported [26] on a specific
combined immune deficiency of cytotoxic NK cells, NKT
cells, CD8+ T cells, and phagocytic myeloperoxidase
and dysimmunoglobulinemia, and associated with
pathological polymorphisms in the genes coding for folic
acid cycle enzymes in a case-control study of children
with autism spectrum disorders. Another case-control
study demonstrated that the above deficiency in children
resulted in the formation of a special microbial spectrum
including a number of opportunistic and potentially
pathogenic infectious agents. Particularly, TTV was found
in 87%, HHV-7 in 79%, HHV-6 in 68%, EBV in 59%,
Streptococcus pyogenes in 46%, Candida albicans in
41%, Borrelia in 34%, Mycoplasma pneumoniae in 27%,
Chlamydia pneumoniae in 26%, Yersinia enterocolitica in
23%, and T. gondii in 19% of cases [27].

Altogether, these findings made us believe that a
deficiency of NK T-cells and CD8+ T-cells in the case
reported here was caused by genetic folate cycle deficiency.

Therefore, the patient was clinically diagnosed with
genetic folate cycle deficiency (MTHFR A1298C hetero,
MTRR A66G homo): hyperhomocysteinemia: selective
deficiency of NK T-cells and CD8+ T-cells: and acute
recurrent toxoplasma chorioretinitis.

The clinical diagnosis statement represented the most
likely scenario of pathological events with obvious cause-
and-effect relations between the detected laboratory and
clinical phenomena in the patient and enabled administer
the following treatment components:

spiramycin, 3.0 mln units orally daily for 14 days, to
inhibit toxoplasma;

recombinant human alpha2 interferon (3.0 mln units
intramuscularly every other day for a month) to compensate
for a deficiency of NK T-cells and CD8+ T-cells, as per the
findings of clinical studies by Yamagiwa and colleagues
[28] and Okumura and colleagues [29];

oxodihydroacridinylacetate sodium (an inducer
of endogenous interferon synthesis) 2.0 mln units
intramuscularly every other day for a month, with
switching between this agent and interferon, to compensate
for a deficiency of NK T-cells and CD8+ T-cells, as per the
findings of a relevant clinical study [30];

and daily peribulbar injection of betamethasone 4 mg/
mL for 3 days.

Therefore, the patient was receiving a combination
treatment aimed not only at inhibiting toxoplasma (by
spiramycin), but also at compensating for a cellular
deficiency (by alpha2 interferon and an inducer of
interferon synthesis), the deficiency with which, most
likely, the reactivation of the parasite was associated,
and recurrent toxoplasma invasion had been associated.
The selection of recombinant human alpha2 interferon
was caused by case-control study findings [28, 29]
pointing to the ability of this immunotherapeutic agent to
normalize low numbers of NK T-cells and CD8+ T-cells
in immunocompromised patients. Moreover, this selection
was consistent with the data of a recent review [31] of
clinical studies on toxoplasmosis which demonstrated
that it is interferon-dependent mechanisms of immune
modulation that are key players in the control of cellular
immunity, which provides immune surveillance of latent
T. gondii.

The first signs of improved visual acuity were seen at
day 8, and a complete restoration of vision was achieved
by the end of one month of combination therapy. One
month after completion of the above course of treatment,
there was ophthalmoscopic evidence of both the absence
of vitreous inflammatory cell reaction and the presence of
dense fibrous vitreous strands at the area of chorioretinal
lesions. There were areas of increased pigmentation at
the margins of chorioretinal lesions, whereas the lesion
with previously blurred margins became clearly outlined,
showing some pigment deposits. A repeat immunological
examination revealed normal numbers of NK T-cells and
CD8+ T-cells in the peripheral blood, indicating that a
causative immune deficiency has been compensated for
and giving hope for restoration of immune surveillance of
endogenous T. gondii.

Subsequently, the patient had regular medical check-
ups at ophthalmologist and clinical immunologist over two
years. During this period, he received three additional one-
month courses of immunotherapy with recombinant human
alpha2 interferon (3.0 mln units intramuscularly every
other day for a month) to compensate for a renewed NK
T-cell and CD8+ T-cell deficiency noted at immunological
check-up examinations. We believe that it is due to this
strategy of preventive targeted immunotherapy for cellular
deficiency that a subsequent recurrence of severe ocular
toxoplasmosis infection has been avoided. Serum levels
of specific IgG to T. gondii decreased almost 7-fold (to 47
IU/ml against a normal value of <10 IU/ml) and reached
levels > 4-fold the upper reference range over this period,
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which is consistent with the ideas of immune memory to
a latent pathogen that has not been reactivated for a long
time.

Discussion

This case demonstrates the benefit from close
cooperation between ophthalmologists and clinical
immunologistsinvolvedinmanagingimmunocompromised
patients with recurrent ocular lesions from opportunistic
infections. Special immunological and genetic studies not
only allow detecting an immunosuppressive condition that
contributes to reactivation of an endogenous opportunistic
infectious agent from latency or persistent infection but
also allow administering the targeted immunotherapy that
compensates for a causative immunodeficiency and, in
this way, improves the outcome of antimicrobial treatment
and prevents a further severe recurrence of reactivated
opportunistic infection.

We have previously reported on other cases of
successful cooperation between ophthalmologists and
clinical immunologists involved in managing patients
with an immunocompromised system and associated
ocular lesions. Particularly, we have reported on recurrent
Toxoplasma chorioretinitis in a young female patient
with primary myeloperoxidase deficiency and a benefit
from the use of recombinant human gamma interferon as
a basic immunotherapeutic treatment for her phagocytic
abnormality [32]. In addition, we have reported on
a case of ANA-associated uveitis in the presence of
reactivated HHV-7 infection in a patient with primary
mannose binding lectin deficiency and the efficacy of
replacement therapy with cryopreserved human plasma
for compensation of the causative immune dysfunction
[33]. In another patient [34], the primary mannose binding
lectin deficiency was associated with persistent recurrent
and resistant to recommended antiviral drugs herpes zoster
ophthalmicus infection, and only administration of the
basic immunotherapy with cryopreserved human plasma
for a complement system deficiency allowed achieving
persistent remission of the recurrent opportunistic viral
infection.

We reviewed PubMed for other reports on reactivation
of severe toxoplasmosis infection in the presence of
primary immunodeficiency in humans. It has been
reported on reactivation of toxoplasmosis infection
in common variable immunodeficiency [35], Louis-
Bar syndrome [6], X-linked hyper IgM syndrome
[36], primary T-cell immunodeficiency associated
with defective transmembrane calcium influx [37],
hypomorphic mutation in the CD40 ligand gene [38],
Good's syndrome [39], PI3-Kinase delta Syndrome Type 2
[40] and warts, hypogammaglobulinemia, infections, and
myelokathexis (WHIM) [41]. There are, however, primary
immmunodeficiencies which paradoxically decrease the
risk of reactivation of toxoplasmosis infection or make the
diseaserunaslow course. Particularly, Meyerand colleagues
[42] have found that progression to toxoplasmosis as a
first AIDS-defining illness was significantly delayed in

individuals with CCR5-delta32 deletion, but protective
effects of primary immmunodeficiencies in Toxoplasma
invasion are the exception rather than a typical clinical
phenomenon.

With this report, we are expanding a spectrum of
publications on severe opportunistic ocular infections
in patients with primary minor immunodeficiency,
and one more time demonstrating the obvious benefit
of well-planned immunological studies and targeted
immunotherapy in these cases.

Conclusion

Patients with recurrent ocular lesions caused by
opportunistic infections (e.g., toxoplasmosis) should (a)
undergo an immunological examination to find a cause of
reactivation of a latent opportunistic agent and (b) receive
not only antimicrobial therapy but also immunotherapeutic
interventions to correct for the immune status. This will
allow not only arresting an acute infection event, but also
preventing a further recurrence.
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Fig. 1. Ophthalmoscopic image of the patient’s left eye
at presentation. Fundus details are obscured by flare.
A cellular vitreous reaction is present (3+ vitreous cells)
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Fig. 2. Run-time protocol of Epics XL flow cytometry performed at the Institute of Experimental and Clinical

Medicine, Bogomolets National Medical University (NDI EKM) for identifying blood lymphocyte subsets by
CD markers
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Fig. 3. Electropherogram of the products of allele-specific PCR for the MTHFR
A1298C polymorphism. Tracks 2, 6 and 7: genotype AA, tracks 1, 3, and 5: genotype
AG; track 4: genotype CC; M, marker of 100 bp
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Fig. 4. Electropherogram of the products of restriction analysis for the MTRR
AB6G polymorphism. Tracks 3 and 6: genotype AA, tracks 2, 4, and 7: genotype
AG; tracks 1, 5, and 8: genotype GG; M, marker of 100 bp
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