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Background: Although individuals infected with HIV for the first time manifest a series of acute syndromes, most patients show mild
or no symptoms, which complicates the initial clinical diagnosis. Early diagnosis is important for effective prevention and management
of patients. Metagenomic next-generation sequencing technology (mNGS) can rapidly detect a wide range of pathogenic microorgan-
isms, even in atypical cases. However, to date, few studies have reported the application of mNGS to diagnose acute HIV infection
with aseptic meningitis.
Case Presentation: A 38-year-old man was admitted to the Department of Infectious Diseases due to repeated fever, headache, and
scattered rashes on his limbs. Routine blood analysis revealed elevated absolute lymphocytes and monocytes. Moreover, monocytes
were found to be significantly increased following a lumbar puncture and cerebrospinal fluid detection. mNGS results revealed the
presence of the human immunodeficiency virus (HIV-1), with HIV RNA of 910 copies/mL in his cerebrospinal fluid. The HIV antigen/
antibody test was negative. According to a study by Fie Big et al, a clear diagnosis of acute HIV infection at Fiebig stage I. The
patient’s condition improved after treatment, and he was prescribed antiretroviral therapy (ART) after discharge.
Conclusion: Aseptic meningitis is easily misdiagnosed during the initial stages of acute HIV infection. mNGS can be used to identify
the pathogen early, rapidly, and accurately, thereby improving the treatment of acute HIV infections.
Keywords: acute HIV infection, aseptic meningitis, Fiebig stage I, mNGS

Background Information
Previous studies have shown that 10% of patients with acute HIV infection may manifest neurological-related
symptoms,1 among which aseptic meningitis is the most common. Clinically, acute HIV infection is characterized by
symptoms such as fever, sore throat, muscle soreness, lymphadenopathy, and rashes,2 which may be easily overlooked or
missed.3,4 This causes a delay between initial HIV infection and the onset of symptoms or diagnosis. To date, only
a handful of studies have systematically described the manifestations of aseptic meningitis during the early stages of
acute HIV infection. Herein, we report a case of acute HIV infection, with aseptic meningitis at FieBig I stage. The
diagnosis was made using metagenomic next-generation sequencing (mNGS) of cerebrospinal fluid. mNGS is a high
throughput and sensitive tool that employs next-generation sequencing technology to sequence all nucleic acid sequences
in a specific specimen.5 Although this technology has been extensively used to diagnose various infections,6 its
diagnostic value in HIV fever is largely unknown. The mNGS technology is more accurate compared with traditional
pathogenic detection methods, making it ideal for clinical application.7–10 In the present case, mNGS enabled early
diagnosis of acute HIV infection and meningitis.
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Case Presentation
A 38-year-old man, who had no history of the disease, was admitted to the Department of Infectious Diseases due to
repeated fever, headache, and scattered rashes on his limbs. The fever persisted 13 days before the hospital visit, his
highest axillary temperature was 38.5°C, and this was accompanied by fatigue and headache. Routine blood examination
at our hospital suggested the fever was due to infection, and he was put on ceftriaxone treatment for 1 week. However,
the fever did not resolve, and scattered red rashes were seen on his limbs 7 days ago. The rashes subsided after self-
administration of anti-allergic drugs. The headache worsened 1 day after the treatment, and this was accompanied by
a slow response, thus he was admitted. He was healthy and had no history of bad habits such as drug abuse, having
multiple sexual partners, and homosexual practice. The patient’s vital signs were as follows: 125/78 mmHg brachial
artery blood pressure, 38°C axillary temperature, 84 bpm heart rate, and 22 bpm respiration rate. Additionally, the patient
exhibited consciousness, slow reaction, negative neck resistance, pharyngeal hyperemia, no swelling of the tonsils, and
no cardiac, pulmonary, or abdominal abnormalities. He did, however, have a few scattered rashes on his extremities, with
no evidence of superficial lymph node swelling, normal muscle strength in his extremities, and negative nerve localiza-
tion signs. A routine blood examination performed one day before admission, revealed a total white blood cell count of
10.89×10^9/L, a neutrophil percentage of 37.6%, a lymphocyte count of 6.22×10^9/L, as well as C-reactive protein
(CRP) and Procalcitonin (PCT) levels of 0.93 mg/l and 0.13 ng/mL, respectively. Results from liver function analysis
revealed an alanine aminotransferase (ALT) of 148 U/L and aspartate aminotransferase (AST) of 106 U/L. The antigen/
antibody test for the human immunodeficiency virus was negative, while Chest CT showed no abnormalities.

Following hospitalization, routine blood tests revealed a total white blood cell count of 10.84×10^9/L, reduced
neutrophil percentage (35.4%), an increased lymphocyte percentage (57.2%), a lymphocyte count of 6.20×10^9/L,
a monocyte count of 0.69×10^9/L, a CRP of 1.54 mg/ L and PCT: 0.1 ng/ mL (Figure 1). The blood gas analysis
indicated normal results, but the liver function test revealed ALT and AST levels of 92.4 and 50.3 U/L, respectively.
HCMVand EBVantibody assays revealed positive and negative IgG and IgM respectively, but no HCMVor EBV DNA.
A lumbar puncture revealed a cerebrospinal fluid pressure of 110 mmH2O, while results from CSF routine tests revealed
negative occult-blood test, light yellow, transparent, Pan’s test 4+, nucleated cell counts of 380 /ul, neutral 1%, lymphoid
99%. Additionally, his lactate dehydrogenase increased (161 U/L), glucose levels decreased (2.0 mmol/ L), chloride level
decreased (117.8 mmol/L), and his protein levels were >6000 mg/ L. Simultaneously, he had normal electrolyte and
blood glucose levels, and the CSF smear test for Cryptococcus was negative. Adenosine deaminase activity in the CSF
was 6.1 U/L and the electroencephalogram (EEG) was normal. Brain enhanced MRI+DWI scan showed no obvious
abnormalities. Similarly, a Color Doppler ultrasound revealed no abnormalities in the lymph nodes in his neck,

Figure 1 Inflammation indicators obtained in the patient during hospitalization.
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underarms, or both sides of the groin. Color Doppler ultrasound of the hepatobiliary, pancreas, and spleen revealed no
obvious abnormalities.

On the second day of hospitalization, we collected 3 mL of his CSF and sent it to Hangzhou Jieyi Medical Laboratory
(Hangzhou, China) for metagenomic next-generation sequencing. On the 4th day, the mNGS report confirmed the
presence of 12 human immunodeficiency virus type 1 (HIV-1) sequences (Figure 2), but no other pathogenic micro-
organisms (including bacteria, viruses, mycobacteria, fungi, and parasites, among others) were detected. On the third day,
both the blood tuberculosis T cell spot test (T-SPOT. TB) and the CSF cryptococcal capsule antigen assays were negative.
On the fifth day, mycobacterium tuberculosis DNA analysis from CSF revealed negative results, with no evidence of
bacterial growth in either the cerebrospinal fluid or blood cultures.

Lumbar puncture and cerebrospinal fluid examination were performed on the 6th, 9th, and 18th day respectively. The
results indicated a progressive decrease in nucleated cell count, while sugar, chloride, and protein levels gradually
returned to normal (Table 1). Additionally, CSF smears were negative for Cryptococcus. On the 6th day, 2 mL of CSF

Figure 2 mNGS results of the patient. mNGS detected 12 HIV sequences in cerebrospinal fluid (A). The coverage and proportion of HIV detected by mNGS in
cerebrospinal fluid (B). The blue ch2 and red ch1 lines denote the internal reference and specimen curve, respectively. mNGS, metagenomic next-generation sequencing.
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was collected and analyzed for the presence of HIV RNA qPCR 910 copies/mL, and blood HIV RNA qPCR 1.37×10^5
copies/mL (Figure 3). HIV antigen/antibody tests, performed between the 5th and 10th days, again showed negative
results (the fourth generation), whereas a positive result was obtained on the 17th day. On the 18th day, a Western blot
(gp120, gp160, gp41, P24) assay confirmed the presence of HIV in the blood (Table 2). On the 6th day, cell counts
revealed CD4+ and CD8+ counts of 447 and 600/ul, respectively. On the 10th day, these counts had decreased, as shown
by a CD4+ cell count of 293/ul, and a CD8+ cell count of 517/ul.

Table 1 Results of Cerebrospinal Fluid Examination During Hospitalization

Variables Day 2 Day 6 Day 9 Day 18

Opening pressure (cm of water) 11 7.5 10.3 15
Color Light yellow Colorless Colorless Colorless

Pan’s test 4+ 2+ 1+ −
Nucleated cell number (/ul) 380 71 57 28
Mononuclear cell percentage (%) 99 99 98 97

Protein (120~600mg/l) >6000 1851 1217 539

Glucose (2.2~3.9mmol/l) 2.0 3.0 2.8 3.2
Chloride (120~130mmol/l) 117.8 116.9 116 121

Note: “−”: negative.

A

B

Figure 3 qPCR results of the patient. qPCR results in HIV in cerebrospinal fluid (A) and blood (B). qPCR, quantitative polymerase chain reaction.
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On the second day of hospitalization, tuberculous meningitis was considered based on relevant blood and CSF
examination results. Consequently, the patient was administered four diagnostic anti-tuberculosis treatments: isoniazid,
rifampicin, moxifloxacin, and linezolid. Additionally, he was administered an intravenous injection with an anti-
inflammation dexamethasone needle and symptomatic treatment, which included compound glycyrrhizin for liver
protection. On the 6th day, all anti-tuberculosis drugs and dexamethasone needles were discontinued, except for
glycyrrhizin (for liver protection) and adequate fluid rehydration. On the second day of hospitalization, the patient’s
body temperature gradually decreased, before returning to normal. His headache and condition improved, and he was
transferred to an outpatient clinic on the 18th day for antiretroviral therapy (ART). His medical history was obtained
regarding past protected same-and anal sex activities, 8 days before the onset of symptoms.

Discussion and Conclusion
Acute HIV infection (AHI) refers to the period following infection with the human immunodeficiency virus during which the
body completes seroconversion before the appearance of HIVantibodies, and the HIV viral load rapidly increases to the peak
level before stabilizing.11 HIV is generally diagnosed using a variety of detection techniques, including HIV RNA, HIV
antigen/antibody (P24 antigen), and Western blot analysis, among others. The AHI stages, also referred to as Fiebig stages,12

are confirmed by diagnostic laboratory results. The eclipse period, which lasts approximately 10 days (range 7 to 21 days),
refers to the period between virus exposure and the time when the first diagnostic test, HIV RNA PCR, detects virus presence.
Fiebig stage I refers to the next stage, where HIV RNA PCR is detectable, whereas Fiebig stage II is where the p24 antigen,
a transient core viral protein, becomes detectable Stages III–VI are defined by HIV-1 IgM enzyme-linked immunosorbent
assay (ELISA) reactivity (stage III), HIV antibody Western blot indeterminate result (stage IV), HIV antibody Western blot
positivity with a negative Western blot for a structural viral protein called p31 (stage V), and finally, antibody reactivity with
a positive Western blot for p31 (stage V1).12

In this case, the patient developed symptoms associated with acute HIV infection on the 8th day after exposure, which
was consistent with previous studies indicating that symptoms may manifest 1 to 6 weeks after exposure to the virus.13 We
successfully detected the HIV-1 type sequence using mNGS, with viral loads of 910 and 1.37×10^5 c copies/mL in
cerebrospinal fluid and blood HIV RNA, respectively. These findings unequivocally confirmed positive HIV-1 infection.
Repeated detection of human immunodeficiency virus serum P24 antigen and HIV-1 antibody using two distinct HIV
antigen/antibody reagents were negative, indicating that the patient had acute HIV infection at Fiebig stage I. Additionally,
on the 17th day following hospitalization, HIV antigen/antibody testing revealed positive results, as did a blood Western
blot test on day 18, confirming the previous diagnosis. Because there is a delayed antigen/antibody reaction in this case
according to Fiebig staging, we believe that the following reasons should be considered: 1. The patient’s eclipse phase was
prolonged, meaning the virus nucleic acid was detected in the blood for a longer time, up to 21 days, resulting in a prolonged
antigen/antibody production time. Regrettably, this study did not perform viral nucleic acid detection during the early stages
of the disease, rather, it performed nucleic acid detection after the HIV sequence was found using mNGS, hence this
conclusion cannot be confirmed. 2. The sensitivity of the detection reagent is insufficient.

Table 2 HIV-Related Testing

Time Blood Antigen/
Antibody TestsΔ

CSF
mNGS

CSF RNA qPCR
(Copise/mL)

Blood RNA qPCR
(Copise/mL)

Blood Western
Blot Test

Day 0* Negative / / / /

Day 4 / Positive / / /

Day 5 Negative / / / /
Day 6 / / 910 1.37×10^5 /

Day 10 Negative / / / /

Day 17 Positive / / / /
Day 18 / / / / Positive

Notes: Day 0*: 1 day before hospitalization. “/”: No related testing. ΔElisa and magnetism particulate immuno chemistry luminescence method.
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The majority of acute HIV symptoms and signs are non-specific, while disease development is self-limiting, both of
which impede rapid HIV diagnosis. For example, Weintrob et al3 found that 83% of patients with acute HIV infections
could not be diagnosed at the first visit. Additionally, HIV diagnostic tests encompass point-of-care (POC) and
laboratory-based testing,14 as well as a variety of other testing methods applicable at various stages of infection.
Typically, there is a delay between HIV infection and the onset of symptoms or diagnostic tests. Acute HIV infection
continues to be a significant component exacerbating the epidemic, as the risk of transmission is greatest during the early
stages of infection. Therefore, initiating ART at this stage can reduce the risk of transmission and the associated long-
term complications.15 To date, however, only 17% of all symptomatic acute cases are accurately diagnosed, owing to this
variable transmission.3 In the present case, we used the CSF mNGS detection technology to successfully detect the HIV-1
type sequence within 15 days of symptom onset, and further quantified the viral loads in both CSF and blood thereby
accurately confirming the diagnosis at an early stage.

In recent years, the incidence of tuberculous meningitis (TBM) in non-AIDS-related TBM is between 2–5%, while
that in AIDS patients has gradually increased to about 10%.16 Previous studies have shown that tuberculous
meningitis is often misdiagnosed as viral, cryptococcal, or suppurative meningitis, among other subtypes,17 and its
mortality rates remain as high as 10.0–36.5% even after receiving anti-tuberculosis drug treatment.18 In the present
case, on the second day following the patient’s admission, we could not rule out tuberculous meningitis, based on
symptoms and cerebrospinal fluid test results. Consequently, we administered active diagnostic anti-tuberculosis
treatment to prevent disease progression. However, this was ruled out following an analysis of mNGS data from
cerebrospinal fluid and other related tuberculosis DNA. On the 6th day, all anti-tuberculosis drugs were discontinued
and a diagnosis of aseptic meningitis caused by acute HIV infection was considered. Previous research has demon-
strated that acute HIV infections can be complicated by aseptic meningitis. For example, Hanson et al19 found that
5.3% of patients with acute HIV infection were positive for HIV RNA in their cerebrospinal fluid, findings that were
clinically consistent with aseptic meningitis. Aseptic meningitis, which is typically characterized by headache and
meningeal symptoms, is the most common central nervous system (CNS) manifestation of AHI and can occur within
2 weeks of infection, even before seroconversion.20 To date, the rate at which CNS reservoirs can form in AHI in
humans remains unknown. Results from HIV macaque models with simian immunodeficiency virus (SIV) revealed
the presence of viral RNA in the brain tissue as early as 10 days after infection.21 In the present case, mNGS detected
HIV-1 RNA sequence on the 23rd day following exposure. At present, no clinical report has reported the use of this
technology in the diagnosis of HIV infection in the CNS, indicating its potential utility.

The clinical presentation of aseptic meningitis in the initial phase of acute HIV infection is atypical, thus it can easily
be misdiagnosed and missed, resulting in delayed patient prognosis and treatment. However, mNGS enables accurate and
rapid pathogen diagnosis, which is critical for HIV management, because it aids in early detection and helps to reduce the
risk of HIV transmission and long-term complications. It is expected that mNGS will be more automated, standardized,
and significantly cheaper in the coming years enabling it to become a routine diagnostic and etiological analytic tool for
infectious diseases.

Abbreviations
mNGS, metagenomic next-generation sequencing technology; CRP, C-reactive protein; ALT, alanine aminotransferase;
AST, aspartate aminotransferase; CSF, cerebrospinal fluid; AHI, acute HIV infection; TBM, tuberculous meningitis;
CNS, central nervous system; SIV, simian immunodeficiency virus.
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