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Abstract
Background: Central nervous system (CNS) opportunistic infections (OIs) is one of the most important complication in
Acquired Immune De�ciency Syndrome (AIDS) patients. As far as the cerebral parenchymal OIs (encephalitis) are
concerned, the sensitivity and speci�city of pathogens routine test methods are not highly acceptable at present.

Objective: Detect the pathogens of cerebral parenchymal OIs in AIDS patients by polymerase chain reaction (PCR), to
evaluate the utility of this method, and observe the etiology characteristics of cerebral parenchymal OIs and their impact
on the prognosis in AIDS patients.

Methods: We conducted a retrospective study design involving 33 formalin-�xed para�n-embedded tissue (FFPET)
samples of cerebral in�ammatory lesions in AIDS patients from 2012 to 2020 were retrieved from the Department of
Pathology, Beijing Ditan hospital a�liated to Capital Medical University. Pathogen-speci�c primers were used to detect
DNA from cytomegalovirus (CMV), toxoplasma gondii (TG) and John Cunningham virus (JCV), via real-time PCR.
Follow-up visits were conducted by telephone and outpatient service. Survival time after operation was counted.

Results: Of 33 samples sent for PCR, 90.91% (30/33) were positive, 33 pathogens detected. JCV accounted for 60.61%
(20/33) of all causes of cerebral parenchymal OIs, 21.21% (7/33) for CMV, 18.18% (6/33) for TG. IgG antibody against
TG in serum (P=0.005) and in CSF (P=0.013) obviously correlated with TG expression in FFPET. The 0 pathogen patients
tend to suffer from solitary lesion (P=0.018). JCV positive patients in FFPET tended to have higher odds of death
(P=0.0096), whereas patients with TG positive showed lower odds of death (P=0.0431).

Conclusion: JCV is the most prevalent pathogen of cerebral parenchymal OIs among AIDS patients, and tend to have a
poor prognosis. The utility of the diagnostic method for pathogen identi�cation by PCR combined with the investigation
of etiological characteristics may improve the diagnosis and prognosis of AIDS related cerebral parenchymal OIs
patients.

Introduction
Central nervous system (CNS) opportunistic infections (OIs) is a major cause of morbidity and mortality among Acquired
Immune De�ciency Syndrome (AIDS) patients, it mainly includes meningitis, encephalitis and meningoencephalitis. The
pathogen involves viruses, bacteria, mycobacterium, fungus, parasites and other pathogenic microorganisms [1, 2].

Unfortunately, for the encephalitis, which is cerebral parenchymal infections, the available and frequently used means of
diagnosis are generally limited, a substantial part of the microbiological diagnoses, such as cytomegalovirus (CMV),
toxoplasma gondii (TG) and John Cunningham virus (JCV), are di�cult to ascertain by routine diagnostic methods, that
patients can only be treated empirically. As a result, choose appropriate clinical specimens and laboratory test method is
very important for the diagnosis of pathogenic microorganisms in CNS OIs. In recent years, real-time polymerase chain
reaction (RT-PCR) has been proved that had advantages of high sensitivity and speci�city, as well as fast operation and
low risk of laboratory pollution in the process of CNS OIs diagnosis [3].

In recent years, there are many articles at home and abroad [4–7] demonstrated the superiority of CSF-PCR in CNS OIs
diagnosis. These reports all suggested that cryptococcal meningitis accounted for great majority of CNS OIs,
cryptococcus is the most common pathogen, the incidence of other pathogens is only 40% or less [4–6]. While, to some
extent, CSF-PCR is probably only sensitive to the diagnosis of meningitis, but not to encephalitis, thus leading to lots of
diagnoses missed. The formalin-�xed para�n-embedded tissue (FFPET) PCR was proved e�cient in detecting
pathogens abroad [8], which is not currently used for routine test mean in China, especially in AIDS patients. Based on
this consideration, in this study, we establish a set of FFPET PCR assay system, targets CMV, TG and JCV. The FFPET
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samples from infected cerebral parenchymal specimens were sectioned for DNA lysate preparation, which then
subjected to PCR analysis to determine the presence of CMV, TG and JCV. This study aimed to evaluate the utility of
using PCR assay in determining the etiologies, and demonstrate characteristics of encephalitis infected by various
pathogens in AIDS patients along with the impact on prognosis.

Materials And Methods

Patients population
We conducted a retrospective study of 33 AIDS patients whose FFPET samples with histopathologically diagnosed
in�ammatory lesions, at the Department of Pathology of Beijing Ditan Hospital, which is an infectious disease hospital,
a�liated to Capital Medical University from 1 May 2013 to 29 February 2020, in Beijing, China.

Demographic information, such as age, gender, and clinical features (include symptoms, imaging manifestations,
surgical procedure, characteristics of surgical specimens, CD4

+T lymphocyte count, serum/CSF HIV RNA viral load,
pathogen test from blood/CSF, CT/MRI characteristics, complications, postoperative overall survival time, and so on)
were collected on a standardized case report form(CRF) by the trained physician. Trained radiologists and pathologist
were also invited to assist in making the diagnosis. The study was approved by Beijing Ditan hospital of Capital Medical
University Ethics Committee.

Pathogen test information from blood/CSF include: CSF routine and biochemical tests, Gram stain, India ink stain,
Cryptococcal antigen (Cr Ag) detection, Immunoglobulin (Ig) G or M antibodies against CMV/TG, bacterial/fungal
cultures, Acid fast bacilli stain.

Patients were eligible for the study if they had: (1) con�rmed with HIV infection; (2) cerebral parenchymal lesions which
were identi�ed by imaging examination; (3) received surgical operation; (4) the FFPET from cerebral parenchymal
specimens; (5) histopathological diagnosis only indicated in�ammatory lesions (Fig. 1); (6) relative detailed and perfect
clinical data; and (7) pathogens of cerebral parenchymal lesions are still unclear based on imaging, laboratory and
pathological �ndings. Exclusion criteria for enrollment included: (1) it’s uncertain that there is cerebral parenchymal
lesions by imaging examination; (2) the diagnosis was de�nite by imaging, laboratory and pathological �ndings; (3)
patients had not received surgical operation; (4) no FFPET from cerebral parenchymal specimens; or (5) interruption of
follow-up.

FFPET testing
Tissue Sectioning for Histological Analysis.

After trimming of the 33 FFPET samples of blocks obtained, 5 𝜇m sections of the tissue were taken using a microtome.
The sections were then stained with haematoxylin and eosin (H&E), using an automated H&E staining system (Leica
Auto Stainer XL). The H&E stained slides were reviewed under the light microscope at the Department of Pathology,
SBAHS, to con�rm the previous diagnosis. The H&E stained tissue slides were also used primarily as microscopic
controls to ensure that the tissue sections used in the PCR were in�ammatory/infective/demyelinating tissue.

DNA Extraction.

Ten micrometre (10 𝜇m) sections of the tissue were taken using a microtome. To avoid carry-over of the samples and
contamination, the microtome blade was changed after each section and all surfaces were also cleaned with xylene
after each tissue section. The 10 𝜇m sections were placed into a sterile DNase-free tube for nucleic acid extraction with
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GeneRead DNA FFPE kit (QIAGEN, Cat NO. 180134). Following method described previously, DNA extraction protocol
involved depara�nization using Depara�nization Solution and tissue lyse with an incubation with 55 µl RNase-free
water, 25 µl Buffer FTB, and 20 µl proteinase K at 56℃ for 1 h,RNA removal using incubation with 25 µl RNase A and
incubate for 2 min at room temperature. Finally, the elution buffer was Buffer ATE and 30 µl was used for DNA elution.
Total extracted DNA samples were stored at -80 °C for pathogen’s testing.

RT-PCR Tests
Real-Time PCR detection kits for CMV, JCV and TG (Cat NO. Z-OD-0022-01, OD-0230-01, ZD-0075-01 respectively) were
purchased from Liferiver Biological Technology Co. Ltd (Shanghai, China). The TaqMan probe provided in the kit could
be used for the ampli�cation and detection for CMV, JCV and TG in which plasmid DNA and RNAase-free water served
as the positive and negative controls, respectively. The 40.0 µl PCR mix system consisted of 36.0 µl of RT-PCR reaction
mix, 4.0 µl of extracted DNA template, and 0.4 µl of enzyme mixed according to the manufacturer’s description. RT-PCR
ampli�cations using SLAN-96P Thermal Cycler (Hongshi, Shanghai, China), the RT-PCR according to the following
reaction conditions:37℃ for 2 min; 94℃ for 2 min; 40 ampli�cation cycles of 93℃ for 15 s, 60℃ for 60 s. Each sample
was determined for three replicates. The criterion of positive result is that cycle threshold (Ct) value is ≤ 38 cycles.

Statistical analysis
Correlation analysis between pathogen detection and clinical characteristics were analyzed by Chi-square test. Survival
time after operation was calculated by the Kaplan-Meier method. P < 0.05 was considered statistically signi�cant. All
statistical analyses were evaluated using SPSS 22.0.

Results
The demographic characteristics of the 33 cases showed mean age of patients to be 38.15 ± 10.02 years (median age,
36 years; range 23–61 years), comprising 31 males and 2 females given a 15.5 : 1 male to female ratio.

Pathogen(s) detecting in FFPET
Pathogens were detected in 30 (90.91%) FFPET samples, the total quantity of pathogen was 33. The number of patients
diagnosed with one or more pathogens is shown in Table 1. JCV was the most common pathogen found (20/33,
60.61%). There were almost equal numbers of detection of CMV (7/33, 21.21%) and TG (6/33, 18.18%). There were
CMV/JCV (1/33, 3.03%) as well as TG/CMV (2/33, 6.06%) coinfection detected in this patient population. No case of
CMV/JCV/TG was detected by PCR.
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Table 1
Characteristics of patients with FFPET pathogen(s)

Pathogens Individual
cerebral
parenchyma
prevalence

1 pathogen No. of
cases

2 pathogens No. of
cases

0 pathogen No. of
cases

CMV 7(21.21%) CMV 4(12.12%) CMV/JCV 1(3.03%)   3(9.09%)

JCV 20(60.61%) JCV 19(57.58%) JCV/TG 0(0%)    

TG 6(18.18%) TG 4(12.12%) TG/CMV 2(6.06%)    

Total 33
pathogens

27/33(81.82%)   3/33(9.09%)   3/33(9.09%)  

Correlation analysis between pathogens and clinical characteristics
in patients.
The 33 cases were totally tested for CD4

+T lymphocyte (mean value 92, range 5-610) and HIV RNA viral load in serum
(mean value 6215, range 0-3478226), but there was no signi�cant difference between each pathogen (Table 2).
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Table 2
Correlation analysis between pathogens and clinical characteristics in patients.

Feature CMV
(FFPET)

No. (%)

JCV
(FFPET)

No. (%)

TG
(FFPET)

No. (%)

No pathogen
(FFPET)

No. (%)

P
value

Age (years)         0.525

≤ 36 2(28.6) 10(50.0) 4(66.7) 1(33.3)  

36 5(71.4) 10(50.0) 2(33.3) 2(66.7)  

Gender         0.668

Male 6(85.7) 19(95.0) 5(83.3) 3(100.0)  

Female 1(14.3) 1(5.0) 1(16.7) 0(0.0)  

CD4
+T lymphocyte count(cells/ul)

*
        0.167

≤ 92 4(57.1) 11(55.0) 4(66.7) 0(0.0)  

> 92 3(42.9) 9(45.0) 2(33.3) 3(100.0)  

HIV RNA viral load

(serum) *

        0.001

≤ 6215 0(0.0) 14(70.0) 1(16.7) 2(66.7)  

> 6215 7(100.0) 6(30.0) 5(83.3) 1(33.3)  

HIV RNA viral load

(CSF) *

        0.101

≤ 177 0(0.0) 5(25.0) 1(16.7) 0(0.0)  

> 177 3(42.9) 3(15.0) 1(16.7) 0(0.0)  

NA 4(57.1) 12(60.0) 4(66.7) 3(100.0)  

WBC count (blood)

(× 109cells/L) *

        0.994

≤ 4.9 4(57.1) 10(50.0) 3(50.0) 1(33.3)  

> 4.9 3(42.9) 9(45.0) 3(50.0) 1(33.3)  

NA 0(0.0) 1(5.0) 0(0.0) 1(33.3)  

WBC count (CSF)

(cells/L) *

        0.494

≤ 6 3(42.9) 12(60.0) 1(16.7) 1(33.3)  

> 6 4(57.1) 7(35.0) 3(50.0) 1(33.3)  

NA 0(0.0) 1(5.0) 2(33.3) 1(33.3)  

* Which was grouped on the basis of median value.
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Feature CMV
(FFPET)

No. (%)

JCV
(FFPET)

No. (%)

TG
(FFPET)

No. (%)

No pathogen
(FFPET)

No. (%)

P
value

TG IgG (CSF)         0.013

Positive 0(0.0) 0(0.0) 3(50.0) 0(0.0)  

Negative 6(85.7) 14(70.0) 3(50.0) 2(66.7)  

NA 1(14.3) 6(30.0) 0(0.0) 1(33.3)  

TG IgG (serum)         0.005

Positive 1(14.3) 2(10.0) 5(83.3) 0(0.0)  

Negative 5(71.4) 17(85.0) 1(16.7) 2(66.7)  

NA 1(14.3) 1(5.0) 0(0.0) 1(33.3)  

Number of lesions         0.018

Solitary lesion 1(14.3) 3(15.0) 1(16.7) 3(100.0)  

Multiple lesions 6(85.7) 17(85.0) 5(83.3) 0(0.0)  

Symptomatic seizure         0.285

Yes 2(28.6) 4(20.0) 3(50.0) 2(66.7)  

No 5(71.4) 16(80.0) 3(50.0) 1(33.3)  

* Which was grouped on the basis of median value.

31 patients’ data available for WBC (white blood cell) count in blood, range 1.24–15.21(× 109cells/L), the mean value
was 4.9 × 109cells/L; WBC count in CSF (mean value 6, range 1–40) with 4 patients’ data was unavailable. Yet, none of
them was correlated with pathogen expression in FFPET (P = 0.994, P = 0.494), so as the seizure incidence (P = 0.285).

Correlation analysis showed that IgG antibody against TG in serum(P = 0.005) and in CSF(P = 0.013) obviously
correlated with TG expression in FFPET. All of the IgM against TG in CSF were negative, while there was only one
positive for the IgM against TG in serum, whose FFPET PCR was TG positive.

In our study, the 0 pathogen patients tend to suffer from solitary lesion(P = 0.018). No patient was positive for anti-CMV
IgM in serum, as well as the CMV PCR test in serum. Only one CSF PCR result was positive for CMV (the CMV-DNA load
was 614, reference value is 0-500), whose FFPET PCR was positive for CMV and TG.

Survival analysis
In our study population, the total mortality rate was 42.42% (14/33). In univariate analysis (Fig. 2), compared with JCV
negative patients, the JCV positive patients in FFPET had higher odds of death (P = 0.0096). Conversely, patients with
TG positive showed lower odds of death (P = 0.0431), relative to other infections in FFPET. In addition, the TG positive
patients were totally alive with improvement. There was no signi�cant difference between CMV and other pathogen
infected patients (P > 0.05).

Discussion
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CNS OIs are the most common cause of neurological diseases in AIDS patients [2],[9]–[11], the pathogens mainly include
Cryptococcus neoformans, Mycobacterium tuberculosis, Toxoplasma gondii, CMV, JCV, EBV, VZV, HSV and various
bacteria, fungi. Cryptococcus neoformans is the most common pathogen [4]–[6],[12],[13]. Pathogens often concurrent in
AIDS patients, the symptoms and signs had no speci�city, even the imaging features are also di�cult to identify (Fig. 3).
Thus, to comprehensively evaluate the microbiologic etiologies of CNS OIs in AIDS patients undoubtedly a great
challenge in clinical work.

In terms of current routine test methods, including India ink stain, Cr Ag detection, Acid-fast stain, mycobacteria culture,
immunoglobulin (Ig) G and M antibody, pathological examination of cerebral parenchymal lesions, especially the
development and wide application of CSF PCR in recent years, only the identi�cation of Cryptococcus neoformans and
tuberculosis (TB) is relatively e�cient [5]–[7],[13],[14]. Of note, the low cost of the Cr Ag lateral �ow assay underscores its
central role in the initial diagnosis of cryptococcal meningitis, that cannot be replaced by PCR test as the preferred assay
for �rst episodes of cryptococcosis [15],[16]. Moreover, for TB diagnosis, the Xpert MTD/RIF assay is a fully automated
nucleic acid ampli�cation testing (NAAT) that can deliver a result in about 2 h, Which was widely thought to be e�cient
and cost-effective [13]. It has been endorsed by the World Health Organization and widely deployed [17]–[22].

Nevertheless, as yet, for most pathogens, especially the pathogens mainly caused cerebral parenchymal lesions, had low
sensitivity and speci�city means of diagnosis. In the clinical process, in most cases, the pathological examination of
biopsy tissues can only exclude tumor or Mycobacterium tuberculosis, for most histopathological diagnosis only
indicated in�ammatory lesions, can’t ascertain the pathogen, then simply given the empiric therapy. This not only
increase the risk of blind medication, but also may delay the diagnosis and treatment of AIDS related CNS diseases.

In this study, we establish a set of FFPET PCR assay system, tried to identify the microbiologic etiologies for
encephalitis, in a cohort of AIDS inpatients, who are without de�nite diagnosis. We selected CMV, TG and JCV for the
targeted pathogens, which hyperendemic and frequently caused cerebral parenchyma lesions in AIDS patients, but
di�cult to ascertain by routine test methods [4]. The data suggested that the most common pathogen causing
encephalitis is JCV. Our �nding highlighted the utility and e�ciency of the PCR assay for improving pathogen
identi�cation for CNS OIs.

JCV is the causative virus of progressive multifocal leukoencephalopathy (PML), which is a demyelinating disease of
the CNS resulting from reactivation of JCV in immunocompromised patients [23]. JCV is a ubiquitous polyomavirus that
infects 50% or more of the adult population throughout the world, the virus has also been found in the brains of
otherwise normal individuals [24].

Generally, the approach to diagnosis of PML was considered the demonstration of JCV DNA from CSF-PCR coupled with
the appropriate clinical and imaging features [25]. Nevertheless, the sensitivity of CSF-JCV-PCR dropped from 89.5% in
the pre- highly active antiretroviral therapy (HAART) era to 57.5% in the HAART era, and JCV positivity tends to occur in
patients with lower CD4 cell counts [26]. Thus, the ability to detect JCV declines substantially following exposure to

HAART and in the presence of higher CD4 counts, and may render laboratory-con�rmed diagnosis di�cult [27]. In
addition, since JC virus viremia can occur in healthy individuals, any contamination of the CSF with blood has the
potential for providing a false-positive result [28],[29]. Moreover, some study showed that [30], despite the high sensitivity of
the PCR assay, a negative PCR does not rule out PML, in some cases biopsy of the brain with PCR ampli�cation from the
brain tissue has been employed to establish the diagnosis.

The neuropathologic de�nitive diagnosis of PML requires demonstration of the typical histopathologic triad
(demyelination, bizarre astrocytes, and enlarged oligodendroglial nuclei) coupled with the techniques to show the
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presence of JCV [31]. The histopathologic triad is rather convincing evidence of the disorder as this unique cluster is not
observed in other neurologic disorders. Yet, there are examples in which PML has been misdiagnosed at the time of
biopsy as a glioma [32]. Silver et al. [33]. reported that light microscopy and immunohistochemistry techniques alone may
be insu�cient in establishing the etiology and PCR enhances the yield when tissues obtained by stereotactic biopsy are
nondiagnostic. Hence, either the clinical, imaging features or histopathological manifestations are unconvincing or CSF
PCR is negative, the brain biopsy and cerebral parenchymal lesion PCR to assist in determining diagnostic certainty in
these circumstances is provided.

CMV is also a ubiquitous agent that can cause infection during the course of life at any time [34],[35]. By serology, 30–
100% of the general population exhibit prior exposure to the virus [36]. CMV remains latent in the infected host
throughout life and rarely reactivates to cause clinical illness except in immunocompromised individuals [37]–[41].

In AIDS patients, CMV is a major cause of morbidity and mortality [41]. Transmission through sexual appears to be the
most common route of CMV infection in adults [42],[43]. The CMV neurological disease usually occurs at CD4 cell counts 

< 100 cells/ul [7],[37], which approximately coincided with our study (median value 33, range 6-189).

The routine diagnostic methods for CMV in CNS were serology, CSF-PCR and histopathology respectively. Serological
test is mainly the detection of anti-CMV IgG and IgM antibody. A study reports that 93.9% of the AIDS patients were
positive for anti-CMV IgG antibody, and 11.1% were anti-CMV IgM antibody positive [41]. Nevertheless, for most of these
patients, the diseases caused by CMV is so mild or asymptomatic that it is overlooked, which bring about the fact that
AIDS patients are commonly positive for CMV by serology, but the CMV merely being a bystander [5][41].

Rongrong Yang et al. [4] detected the CMV by CSF-PCR. Among the CMV-DNA positive patients, selected 6 patients who
had the brain CT or MRI examination, no patient was found with brain parenchymal lesion. That re�ected this method
having a high false positivity to a certain extent.

Other research reported that diagnosis of CMV infection from tissue biopsies is considered the gold standard with
speci�city for histopathological evaluation near 100% but with low sensitivity (23.2%) [44].

Toxoplasma encephalitis (TE) is a very relevant neurological disease in individuals with AIDS [45]. This disease is caused
by the intracellular protozoan parasite, TG. Immunocompetent persons with primary TG infection are usually
asymptomatic, and latent infection can persist for the life of the host. In immunosuppressed patients, especially patients
with AIDS, TG can reactivate and cause disease, usually when the CD4 count falls below 100 cells/ul, which also
coincided with our study approximately (median value 75.5, range 12–130).

Laboratory testing is usually necessary to establish the diagnosis of TE, because the clinical manifestations of infection
are so protean. Available diagnostic modalities for TG include serologic assays, molecular-based techniques (eg, PCR
based assays), and histopathology.

The serologic assays mainly conclude the IgG and IgM antibody. However, false-negative serologic testing is typically
seen in patients among those who are signi�cantly immunocompromised (eg, transplant patients, especially bone
marrow transplants, or those with HIV infection) [46],[47]. And a false-positive IgM test result may be related to rheumatoid
factor, antinuclear antibodies, and nonspeci�c binding in vitro, that’s also a signi�cant issue in serologic testing for
toxoplasmosis [48]. Likewise, although detection of IgG and IgM antibody in CSF was also widely used, the CSF antibody
tests can be confounded by contamination of the CSF by serum during the lumbar puncture, or passive transfer of
antibody from the blood.
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The PCR assays can detect TG DNA in blood, cerebrospinal �uid, aqueous humor, and bronchoalveolar lavage �uid [49],

[50]. Since there is no standardized PCR assay, the sensitivity of PCR assays varies widely (from 15 to 85 percent for
blood), although speci�city appears to be high (greater than 95 percent) [51]. Depending upon another studies, the
detection of TG by PCR in CSF has demonstrated high speci�city (96 to 100 percent), but variable sensitivity (50 to 98
percent). Treatment also affects diagnostic sensitivity [52],[53]. Thus, a positive PCR result establishes the diagnosis of
TE, but a negative one does not rule it out.

Histopathological detection of TG is in one of two forms: tachyzoites or cysts [47]. Nevertheless, they were all rarely or
di�cult detected in the cerebral parenchymal lesion tissue [54].

The ultimate signi�cance of PCR based detection of toxoplasmosis is that PCR can detect the DNA of parasites even
when the tissues available for testing are in state of decomposition; in contrast, in histopathology it is quite di�cult to
identify the necrosed tachyzoites in the regions of marked generalized necrosis of the parent tissues induced by
tachyzoites themselves [54]. Moreover, the size of the sample analyzed is very important in the detection by
histopathology and it is quite possible that the parasitic stage in the sample to be tested is either low or sparse and
show focal distribution in the tissues or it may be all together dead. But PCR will give ampli�cation even if the parasitic
stage is dead [55] and/or very less in number. PCR can even detect 0.1 pg. of DNA [56] and even a very few tachyzoites are
su�cient in accurate diagnosis no matter if they are living or dead.

Our study showed there was no patient’s WBC counts higher than 20 × 109cells/L in blood. Likewise, the WBC count in
CSF did not exceed 40 cells/L in our study. This re�ected from the side that blood and CSF were not so sensitive to the
encephalitis, in other words, they cannot accurately re�ect the severity of encephalitis.

In our study population, the total mortality rate was 42.42% (14/33), that mainly focus on the JCV and CMV patients.
The patients with FFPET TG positivity were totally alive with improvement, that because all of the patients in our study
were routinely received the empirical/experimental anti-toxoplasma therapy after the operation when the
histopathological diagnosis only indicated in�ammatory lesions. This is not only because the TE is prevalent in AIDS
patients, but also the other pathogens, like CMV and JCV, have no speci�c, effective treatment. For this reason, the
application of PCR assay for the cerebral parenchymal lesions, not only improving pathogen identi�cation e�ciency, but
also lay a foundation for further research of pathological mechanism and precise treatment of CNS OIs.

In our study, the variety of speci�c pathogens for PCR testing was limited and there are other possible pathogens of CNS
infection, but were not assessed. For instance, we excluded the Epstein-Barr virus (EBV) and herpes simplex viruses
(HSV), the reasons are as follows:

EBV was not validated by additional con�rmatory testing due to its ubiquitous nature and unclear signi�cance in this
immunocompromised population, as described previously [5],[6]. In line with a study by Kelly et al. [7] speculated that EBV
might be a non-pathogenic marker of immunosuppressed population. Furthermore, another research showed that EBV
was left out of an FDA-approved PCR panel, and the prevalence of EBV should be interpreted with caution, especially
lacking con�rmatory PCR testing [5]. Rajasingham et al. [57] thought that there is little need for expansion of HSV PCR
testing. Although if further patients were tested, HSV likely would have been detected, the prevalence appears quite low
and testing would not be cost-effective compared with other interventions.

On account of our study is a retrospective analysis, these patients lacked the pertinent therapy at that time, so we cannot
further appraise the accuracy of this method effectively. Consequently, additional studies to validate the accuracy of
PCR assay in the diagnosis of cerebral parenchymal OIs are needed across the further prospective study. Our study is
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also limited by the relatively small sample size, so multiple pathogens infection in CNS disorder patients will be an
important topic to assess with further study in larger cohorts and with subsequent validation of results.

In terms of economic effectiveness, it seems that the introduction of the PCR assay would result in more rapid and
accurate diagnosis along with minimization of unnecessary testing, a shortened time to initiation of targeted therapy,
and shorter hospital durations, which have a substantial cost savings in countries [5][58]. Whereas, to validate the cost-
effectiveness of the PCR assay method in the diagnosis and monitoring of cerebral parenchymal infections are also
needed further studies.

In summary, the PCR assay offers a promising platform for the rapid and accurate diagnosis of cerebral parenchymal
infections, but need further efforts to validate.
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Figures

Figure 1

Photomicrograph of the histopathological in�ammatory lesions. A, B, C: Histopathological diagnosis only indicated
in�ammatory, infective, demyelinating lesions: which presented that glial cells and microvasculature hyperplasia,
in�ltration with monocyte, macrophage, microglia, plasmacyte, lymphocyte, intracytoplasm or intranuclear inclusion
body formation (H&E stain 400×). The FFPET PCR results from A to C were TG, JCV, CMV.
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Figure 2

Univariate analysis for survival of cerebral parenchyma infected by different pathogens in AIDS patients. A: CMV
infection for AIDS patients’ cerebral parenchyma; B: JCV infection for AIDS patients’ cerebral parenchyma; C: TG
infection for AIDS patients’ cerebral parenchyma.

Figure 3

AIDS related cerebral parenchyma lesions by Enhanced-MRI examination. A, B, C: The histopathological diagnosis
merely showed in�ammatory lesions, the results of FFPET PCR were TG, JCV, CMV respectively; D: histopathological
diagnosed with lymphoma. It’s so di�cult to identify from each other by imaging features.


