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Introduction: Intracranial infections are challenging to diagnose, especially in immunocompromised patients.
Next-generation sequencing (NGS) has emerged as a powerful tool for broad pathogen detection, including
Torque Teno Virus (TTV). Elevated TTV loads have been associated with immune dysfunction, potentially
serving as a biomarker for opportunistic infections. However, the clinical significance of TTV in intracranial
infections remains unclear.

Case presentation: An 8-year-old boy developed a complex intracranial infection following craniotomy, charac-
terized by elevated TTV levels in cerebrospinal fluid (CSF) and subsequent fungal co-infection. Initial empirical
antibiotics failed to fully control the infection. NGS identified TTV in the CSF, prompting the addition of
intravenous immunoglobulin. Recurrent infection led to the suspicion of a fungal infection, confirmed by positive
G/GM tests and successful treatment with fluconazole.

Conclusion: Elevated TTV levels in CSF may indicate underlying immunodeficiency and predispose patients to
opportunistic fungal infections. Prompt fungal testing including qPCR is recommended when TTV is detected in
CSF. Further research is needed to elucidate the role of TTV in clinical infections and optimize management

strategies.

Introduction

Intracranial infections pose a significant diagnostic challenge, espe-
cially in immunocompromised patients. Recent advancements in next-
generation sequencing (NGS) have expanded the diagnostic toolkit by
enabling broad detection of pathogens, including viruses like Torque
Teno Virus (TTV). Elevated TTV loads have been associated with im-
mune dysfunction, suggesting a potential role as a biomarker for im-
munodeficiency and opportunistic infections. However, the clinical
significance of TTV in intracranial infections remains underexplored.

This case report presents an 8-year-old boy who developed a complex
intracranial infection following craniotomy, characterized by elevated
TTV levels in cerebrospinal fluid (CSF) and subsequent fungal co-
infection. Unlike previous studies that primarily focused on TTV as a
marker of immune status, this report highlights the direct clinical impact
of elevated TTV loads in triggering opportunistic infections and the
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necessity for comprehensive diagnostic approaches, including NGS and
fungal testing. Our findings emphasize the importance of considering
TTV as a potential biomarker for immune compromise and the need for
further research to elucidate its role in clinical management.

Case presentation

An 8-year-old boy presented with headache and nausea for a dura-
tion of two weeks. MRI imaging revealed an intracranial mass lesion in
the cerebellum, accompanied by obstructive hydrocephalus. Tumor
excision surgery was performed, during which the patient received
130 ml of allogeneic red blood cells and 200 ml of allogeneic plasma.
The day after the surgery, the patient developed intermittent fever and
headache, with a maximum temperature of 38.2°C. A lumbar puncture
demonstrated elevated leukocytes (257/ul), predominantly of poly-
karyocytes (86.4 %), alongside high protein (76.8 mg/dL) and lactate
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levels(3.2 mmol/L), while chloride and glucose levels remained normal.
No microorganisms were isolated from the CSF cultures. Empirical
antibiotic therapy with intravenous meropenem and vancomycin was
initiated upon consideration of septic intracranial infection. However,
one week later, while the leukocyte count in CSF had decreased to
approximately 1000/ul, it could not be further reduced. Consequently,
both blood and CSF samples were sent forNGS testing (VisionMedicals,
Guangzhou, China). The NGS results identified TorTTV in the CSF but
not in the blood sample. In response, intravenous immunoglobulin was
added. This adjunctive therapy was discontinued after ten days when
the patient exhibited improved clinical symptoms.

Three days after discontinuing treatment, the patient presented
again with fever (maximum 39.2 °C), elevated CSF leukocyte counts
(402/ul), and rigid neck. A repeat NGS test confirmed the presence of
TTV but identified no other pathogens. Conventional bacterial cultures,
tuberculosis tests, and neuroimaging returned negative results. Given
the patient’s immunocompromised status and complex clinical condi-
tion, a fungal infection was suspected. Consequently, fungal G and GM
tests were ordered; the G test yielded positive results (357.21 pg/ml),
while the GM test returned negative (0.53 pg/L). Antibiotic treatment
was therefore substituted with intravenous fluconazole (0.2 g per day) in
conjunction with immunoglobulin therapy. One week later, the patient
exhibited significant improvement. He was afebrile, with normalized
CSF and blood test results, and was then discharged on oral fluconazole.

Method

The patient’s CSF and blood samples were subjected to IDseq™ Ultra
virome capture sequencing at Vision Medicals Corporation. Following
sample pre-processing, DNA was extracted and hybridized with specific
probes designed based on over 150,000 metagenomic NGS clinical
samples. Pathogen metagenomics sequencing detected TTV DNA
exclusively, with viral sequence counts of 6, 5, and 6 in three CSF NGS
replicates (99 % confidence) and zero in the blood sample. The Q30
ratios were 93.6 %, 92.3 %, and 91.0 %, respectively. Despite the low
sequence counts, the presence of TTV in CSF was supported by the pa-
tient’s intracranial infection symptoms, high Q30 ratios, and the unique
detection of TTV. The detailed analysis strategy remains undisclosed by
the corporation.

Discussion

TTV is a circular, negative-sense, single-stranded DNA virus. TTV
exhibits a high prevalence within the general population, where it often
leads to chronic, low-level viremia without clinical symptoms [1]. TTV
can be transmitted through multiple routes, including blood and blood
products [2]. Initial infection with TTV typically occurs during infancy
and may evolve into a chronic or recurrent infection [3].

Despite the high prevalence of TTV infection, the prevailing
consensus suggests that TTVs do not directly induce clinical manifesta-
tions. Consequently, most researchers agree that there is no compelling
need for antiviral therapy specifically targeting TTV infections.[4,5].
Additionally, Focosi et al. suggested that TTV DNA load could serve as a
marker for immune reconstitution following autologous hematopoietic
stem cell transplantation. Their findings indicated that elevated TTV
loads correlated with increased levels of circulating CD8+ CD57+ T
cells, which are indicative of functional immune deficiency [6].
Conversely, low-level TTV viremia may signal allograft rejection [7].
Rocchi et al. demonstrated that Torque Teno Virus (TTV) DNA can
induce the production of proinflammatory cytokines, such as
interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-a), through
the activation of immune cells via toll-like receptor 9 (TLR9). This
finding suggests that the activation of the immune system by TTV DNA is
likely associated with the viral load. Therefore, elevated TTV load may
serve as a surrogate marker for the activated state of the immune system,
reflecting an ongoing immune response [8]. In the present case, elevated
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TTV levels were detected in the CSF via NGS. This finding was hy-
pothesized to be associated with an underlying immunodeficiency. The
validity of this hypothesis was subsequently corroborated by the pa-
tient’s positive response to antifungal therapy and the positive results of
the fungal G/GM tests. These clinical outcomes align with the existing
literature, which suggests that TTV may serve as a potential biomarker
for immune status in clinical practice.

However, the role of TTV in causing intracranial infections remained
unclarified. Tkuta et al. reported a case of 2-month-old boy who pre-
sented with symptoms suggestive of septic meningitis. The patient was
given empirical antibiotic treatment, resulting in clinical improvement.
However, NGS and anti-GP2 serum immunoglobulin M assays detected
TTV infection. Ikuta et al. hypothesized that respiratory infections might
increase blood-brain barrier (BBB) permeability, allowing TTV to induce
neurological pathology. The compromised BBB could further predispose
to TTV invasion [9]. Similarly, Liu et al. reported a patient with X-linked
agammaglobulinemia (XLA) who, after a positive MRI but negative
conventional CSF tests suggestive of viral meningoencephalitis, was
diagnosed TTV-related meningoencephalitis via high-throughput
sequencing (HTS). The patient’s condition improved following intrave-
nous immunoglobulin, meropenem, and acyclovir therapy [10]. These
cases support the notion that TTV may exhibit pathogenic effects in
immunocompromised states, where prompt antibiotic and immuno-
globulin therapy can yield favorable outcomes. In the present case, the
patient underwent a craniotomy, which may have already activated his
immune system. This was evidenced by the subsequent intracranial
infection following the surgery, characterized by recurrent infection
symptoms and the eventual detection of a co-infection with fungal ele-
ments. According to the literature reviewed above, elevated TTV loads
are indicative of immune system dysfunction, which may have
permitted the invasion of both bacterial and fungal pathogens in this
patient. Moreover, the presence of TTV in the CSF might have
compromised the BBB [9], facilitating intracranial fungal invasion.
However, it is noteworthy that fungal elements were not initially
detected by NGS, but were later confirmed by positive responses to
antifungal treatment and positive results from the G/GM tests. This
discrepancy could be attributed to the absence or insufficiency of fungal
nucleic acid in the CSF at the time of collection, as supported by previous
research indicating that detection sensitivity is influenced by fungal load
[11-13]. Additionally, the antibiotics administered prior to NGS testing
may have also affected the fungal readout in the NGS report [12].
Therefore, in future clinical practice, it is recommended to employ
complementary diagnostic methods, such as serology testing and PCR, to
elucidate discrepancies between NGS findings and results from other
diagnostic assays, such as the G/GM test.

Our case describes a unique instance of co-infection with TTV and
fungal elements in the brain following transcranial surgery. In this case,
meropenem and vancomycin was initially administered to treat the
infection, but not worked well. Subsequent NGS identified TTV in CSF
samples, prompting the addition of intravenous immunoglobulin.
However, upon cessation of antibiotics, the patient experienced a
recurrent infection. Given the relatively low reads of TTV, a diagnosis of
TTV-induced meningitis was considered less likely. The elevated lactate
and low glucose levels in CSF, along with normal lymphocyte counts and
no signs of brain viral infection on neuroimaging, suggested that a
fungal infection might be plausible. Due to negative results of fungal
cultures in CSF, G/GM tests were employed and the positive results
suggested fungal infection. The patient’s clinical improvement following
antifungal therapy further substantiated this diagnosis, highlighting the
complexity of infections in immunocompromised patients and the need
for comprehensive diagnostic approaches.

Despite TTV typically not causing symptoms in healthy individuals
[3], its chronic interaction with the host and strain variability can
significantly reflect immune response dynamics [2]. While stable TTV
viremia is generally not associated with specific disease, fluctuations in
TTV loads may reflect disease severity [4,14]. Elevated TTV loads
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indicate significant immunosuppression, which may exacerbate other
infections by modulating inflammation, interfering with innate immune
responses [8,14].

In this case, initial antibiotics controlled the bacterial infection,
raising the suspicion that the prior infection may have compromised
BBB permeability and impaired the immune system, creating possibil-
ities for opportunistic fungal infection. The successful treatment with
fluconazole and immunoglobulin suggested that the fungi were the main
pathogenic microorganisms, while TTV may serve as a biomarker for
inflammation modulation. Notably, the low viral sequence counts in CSF
NGS suggested a low abundance of TTV, while high Q30 ratios (> 90 %)
indicated high sequencing accuracy. To obtain more precise quantifi-
cation of TTV load, TTV-specific quantitative PCR (qPCR) is
recommended.

Regarding the origin of TTVs in this case, an intraoperative blood
transfusion may represent a potential transmission route, consistent
with previous findings of TTV contamination in blood products [15].
Therefore, it might be helpful to monitor TTV load following blood
transfusion, particularly in patients at risk for immunodeficiency [16].
In patients undergoing autologous stem cell transplantation, TTV
viremia typically increases following engraftment and correlates with
CD8+57+ T lymphocyte levels. A return to baseline TTV levels typically
signifies improved immune competence [6]. Thus, it is plausible that the
patient acquired TTV infection through blood transmission which later
became a latent factor exacerbating other infections.

Conclusion

In summary, prompt testing for fungal elements should be conducted
when an elevated TTV loads are detected in CSF samples, given the
virus’s potential as an indicator of immunodeficiency. This approach is
particularly crucial for patients presenting with severe infections,
especially when conventional tests fail to identify the causative path-
ogen. Further research is needed to deepen our understanding of the
relationship between TTV viremia and clinical infections, which will
facilitate the optimization of management strategies in clinical practice.
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