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Dear Editor, 

The central nervous system (CNS) is a target of the human im- 
munodeficiency virus (HIV) [ 1 ]. Late presenters with advanced HIV 

infection may de v elop opportunistic cer ebr al infections or l ym- 
phoma, most often Epstein–Barr virus (EBV)-related. Abnormal 
neurological examination or changed mental status are first eval- 
uated by imaging for diagnosis [ 2 ], ho w ever, specificity remains 
poor. In the absence of suspected intr acr anial hypertension, cer e- 
br ospinal fluid (CSF) anal ysis is a dia gnostic tool for CNS disorders.
Ho w e v er, in the absence of meningitis results are frequently not 
contributive for a diagnosis. 

Meta genomic next-gener ation sequencing (mNGS) is an un- 
biased tec hnique, ca pable of sim ultaneousl y detecting m ultiple 
pathogens, and has r ecentl y demonstr ated its effectiveness in the 
diagnosis of CNS disorders [ 3 ]. Howe v er, r esearc h has focused on 

CSF analysis by mNGS testing. Such an approach has its limita- 
tions as CSF samples have to be stored for a long time or are some- 
times impr operl y pr eserv ed [ 4 ]. Furthermor e , when patients ha ve 
r eceiv ed anti-micr obial ther a py befor e CSF collection, or when the 
site of the lesion is compartmentalized, negative results may be 
obtained [ 3 ]. Such negative results do not rule out the possibility 
of CNS lesions. 

Based on the abov e observ ations, in people with adv anced HIV 

with concurrent neurological symptoms, brain or meningeal tis- 
sue biopsy samples have to be assessed for earlier diagnosis and 

treatment using mNGS. 
We enrolled 13 people with HIV (PWH) with intr acr anial lesions 

who underwent brain tissue biopsy from January 2021 to March 

2024 at the First Affiliated Hospital of Zhejiang University School 
of Medicine. All brain biopsies were subjected to mNGS examina- 
tion. Participant clinical records were reviewed retrospectively to 
obtain clinical information, including demogr a phic information, 
clinical signs and symptoms, laboratory testing, brain MRI imag- 
ing, treatment, and participant outcome. 

These 13 participants included 11 males and 2 females, rang- 
ing in age from 28 to 68 years . T hese patients had a median CD4 of 
Recei v ed 2 September 2024; revised 14 October 2024; accepted 15 October 2024. pub
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1 cells/ μl and a median CD8 of 537 cells/ μl upon admission. The
edian course of HIV infection was 12 months ( supplementary

able 1, see online supplementary material ). The peripheral blood
ests for Cryptococcus antigen and T-SPOT were all negative for
he 13 PWH. Participants 1, 3, 5, and 8 underwent blood culture
ue to fe v er. Talarom yces marneffei was cultur ed in the blood sam-
le of participant 8, while the results for the other patients were
egativ e. Lumbar punctur es r e v ealed the acid-fast bacilli Cryp-

ococcus antigen, and cytomegalovirus (CMV)-DNA tests and the 
ulture of CSF in the 13 patients wer e all negativ e. Detailed r e-
ults of the peripheral blood and CSF analyses are summarized in
upplementary Table 2, see online supplementary material . Brain 

RI with contrast sho w ed ob vious ima ging lesions in all patients
 supplementary Figs. 1 –13 A, see online supplementary material). 

mNGS testing of CSF was undertaken in 8 patients (patients 1–
, 9, 10, 12, and 13), and EBV was detected in 7 of them. One read of
ohn Cunningham virus (JCV) DN A w as detected in patient 4, and
ne read of Mycobacterium kansasii DN A w as detected in patient 12.
hr ee r eads of CMV wer e detected in patient 13. 

Among the brain biopsy tissues from the 13 patients, mNGS
ec hnology successfull y identified fiv e infectious pathogens caus-
ng disease in 9 patients, including four cases of JCV, two cases
f HIV-1, one case of Toxoplasma gondii , one case of Mycobacterium
vium -intracellular complex (MAC), and one case of T. marnef-
ei . These mNGS r esults wer e consistent with the pathological
iagnoses . Meamwhile , mNGS results from 4 patients sho w ed
he presence of EBV, and their pathological diagnoses were lym-
homa. Table 1 presents the mNGS results for the CSF and brain
iopsy tissue samples and the pathology results. 

After confirmatory diagnosis, 12 patients received correspond- 
ng tr eatment. P atient 5 died due to intractable con vulsions . A
otal of 8 PWH sho w ed significant impr ov ement in their condi-
ion over 12 months (s upplementary Figs. 1 –4 B , 7 B , 10 B , 11 B , and
3 B, see online supplementary material). Four patients were lost
o follow-up. 

We presented 13 cases of unexplained brain lesions after 
erum testing for fungal infection and imaging and with CSF
lished 24 October 2024 
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nalysis and culture. Among them, 8 patients underwent mNGS
etection of CSF, and we did not obtain a diagnosis. Based on

ma ging dia gnosis [ 5 ], patient 1 was thought to be infected with
oxoplasma and CSF mNGS was not dia gnostic. Howe v er, the pr es-
nce of T. marneffei was detected through mNGS of brain tissue
nd fungal spores were found upon pathological examination.
n a multicenter study, cases negative by mNGS due to low titers
f pathogens in CSF included those infected with mycobacteria
 3 ]. In patient 2, despite having a history of MAC, no significant
athogens were detected in the mNGS of CSF. Ho w e v er, MAC
as detected using mNGS of brain biopsy tissue. Mycobacterial

nfection appears to be particularly challenging in the mNGS of
SF [ 6 ]. In some patients with brain lesions, culture might take
eeks or months to determine the pathogen; ther efor e, most
atients in China will r eceiv e empirical tr eatment that might be

neffective or harmful. The condition of patient 5 r a pidl y deteri-
rated after empirical anti-mycobacterial treatment. Despite the
nal accurate diagnosis through mNGS of brain biopsy tissue,
is condition worsened despite a ppr opriate ther a py. Pr ogr essiv e
 ultifocal leuk oence phalopathy (PML) is a dem yelinating disease

aused by r eactiv ation of latent JCV infection under immunosup-
r essiv e conditions [ 7 ]. PML might be confused with HIV-related
nce phalopathy, as the y can both manifest as focal subcortical
hite matter changes, making it difficult to distinguish them on

maging [ 8 ]. It is urgent to get laboratory results to assist the diag-
osis when clinical suspicion r emains. Unfortunatel y, in the NGS
f CSF from patients 3, 4, and 9, no or only one sequence of JCV
as found. So, while still str ongl y suspecting PML, we performed
rain tissue biopsies on the patients and accur atel y and quic kl y
etermined the JCV diagnosis after combined NGS testing. 

In patient 10, mNGS of brain biopsy tissue did not reveal any
athogenic microbes. Subsequent pathological examination sug-
ested that her brain lesion was large B-cell non-Hodgkin lym-
homa, not EBV positive. In patients 11, 12, and 13, mNGS of
rain biopsy tissue detected many reads for EBV, and the subse-
uent pathological results sho w ed diffuse large B-cell lymphoma
ith EBV-encoded RNA positivity. Considering the patients’ clini-

al symptoms, the brain lesions were diagnosed as EBV + diffuse
arge B-cell lymphoma. The large amount of EBV detected in the
rain tissue might promote the occurrence and development of
 ymphoma, r ather than EBV encephalitis [ 9 ]. The pr e v alence of
 hr onic and asymptomatic EBV infection is 80%–95% worldwide
 10 ]. The detection of EBV DNA in the brain tissue of PWH should
e inter pr eted cautiousl y. 

Earl y dia gnosis and tr eatment ar e crucial when neur ological
isorders occur in advanced PWH, as they ar e closel y r elated to
heir prognosis. Ho w ever, the spectrum of neurological diseases
ssociated with advanced HIV infection is wide. Diagnosis re-
ains a challenge for clinicians. When neither conventional de-

ection methods nor mNGS of CSF can determine the pathogenic
actor, biopsy of brain lesions and mNGS of brain tissue are a
r omising a ppr oac h. Compar ed with br ain tissue pathological ex-
mination, mNGS yields faster results with a usual turnaround
ime from sample to results of ∼24–48 h, and can contribute to
he histopathological diagnostic. 

Ther e ar e some limitations in the study. Firstl y, the num-
er of patients meeting the study criteria remains small; sec-
ndl y, nearl y one-third of the patients (5/13) did not have mNGS
est results of CSF; and finally, among the remaining 8 patients,

NGS testing of CSF pr ovided almost no positiv e r esults for di-
gnosis . T herefore , it is currently difficult for us to add spe-
ific numerical values to demonstrate the effectiveness of both
ethods. 
This is the first report in which mNGS of brain tissue was used
o accur atel y dia gnose CNS disorders in se v er e imm unodeficiency
WH, and in most cases, tissue metagenomics may be applied to
he target population in which it will be most valuable, especially
hen there is a high index of suspicion for infection and mNGS of
SF has produced negative results. 
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