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Abstract

The Polymerase chain reaction (PCR) test in cerebrospinal fluid (CSF) has proven to have great impact in patient management. 
It is the fastest test system that allows better assessment of a broad range of infectious agents associated with central 
nervous system infection. We attempt to describe imaging features of some of these organisms with the hope that in future 
Neuroimaging can also be used as a non-invasive tool to identify agents.
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Introduction

Infections of the central nervous system (CNS) pose 
significant health risks globally, especially in cases of 
immunocompromised individuals and the rising incidence 
of HIV infection exacerbates this issue [1]. While effective 
antimicrobial treatments are now available, early detection is 
crucial. Unlike other CNS disorders, invasive tissue diagnosis 
is challenging, making non-invasive imaging vital for prompt 
identification. Magnetic resonance imaging (MRI) is the 
primary imaging tool for CNS disorders, but pinpointing the 
exact cause based on conventional MRI with Gadolinium 
enhancement is often difficult due to overlapping features 
[2]. However, advancements in MRI techniques, such as 
molecular and functional imaging, provide radiologists 
with better diagnostic capabilities. This review aims to 
offer a systematic MRI approach to streamline differential 

diagnoses, classify, and characterize CNS infections. Here is a 
few imaging appearances of different infectious agents:

Bacterial

E-Coli: Uncommon in adults-presents with multiple 
abscesses and ventriculitis [3].

Haemophilus Influenza: Cerebral edema, hemorrhage, 
or bilateral thalamic lesions, and these neuroimaging 
abnormalities are associated with poor prognosis Mild 
encephalopathy patients were also diagnosed with 
reversible corpus callosum lesion (MERS). Kimura, et al. 
divided influenza related brain lesions into 5 categories 
normal (category 1); diffuse involvement of cerebral cortex 
(category 2); diffuse brain edema (category 3); symmetrical 
involvement of the thalamus (category 4); and focal 
encephalitis (category 5) [4].

Listeria Monocytogenes: Mostly rhombencephalitis-rarely 
ventriculitis [5] (Figures 1 & 2).
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Figure 1: A 38 years old gentleman presented with persistent headache. On examination he had positive signs of miningism. 
MRI head (Figure A+B) show vertical hyperintense focus involving posterior left hemi-pons on T2 and FLAIR sequences. (Figure 
C+D) show leptomeningeal enhancement. Patient underwent lumbar puncture; CSF Detailed Report was highly suggestive of 
infection. Bio-Fire meningitis panel was sent and it detected Listeria Monocytogenes.

Figure 2: A 68 years old female presented to ED with drowsiness. MRI head (Figure A+B) Show hyperintense signals on T2 
and FLAIR Sequence in left frontal lobe periventricular region, (Figure C+D) show diffusion restriction and (Figure E+F) Shoe 
heterogeneous enhancement in corresponding area. Bio-Fire panel detected Listeria Monocytogenes.
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Neisseria Meningitides: An ependymal inflammation is 
mostly seen [6].

Streptococcus Agalactiae: Tiny hyperintensities in the 
subarachnoid space (ventricles and brain parenchyma. 
Sometimes with cerebellar abnormalities [7].

Streptococcus Pneumonia: Can resemble ischemic areas 
but changes are bilateral and are associated with ring 
enhancement. Supratentorial leptomeningeal enhancement 
also common [8].

Viruses

CMV Encephalitis: Mostly only non-specific bright T2/
FLAIR signal in the white matter. If ventriculitis is present 
then enhancement of the ependymal lining surface and 
hydrocephalus may be seen. High T2 white matter change 
most prominent in a periventricular distribution.
•	 No enhancement (unless ventriculitis present, in which 

case 30% or so will enhance).

•	 No mass effect (often seen with concurrent atrophy) [9].

Enterovirus (EV): The enteroviruses include Coxsackie 
viruses A and B, poliovirus, echoviruses, and enteroviruses 
68 to 71. They may cause hand, foot, mouth disease 
(Coxsackie virus A16, EV 71) A (3), herpangina (EV 71), 
hemorrhagic conjunctivitis (enterovirus 70, Coxsackie virus 
A24)Â (4), poliomyelitis (poliovirus), polio-like paralysis, or 
radiculomyelitis (EV 70, EV 71, Coxsackie virus A7, A24).

Herpes Simplex Virus 1 (HSV-1): In the immunocompetent 
adult patient, the pattern is quite typical and manifests as 
bilateral asymmetrical involvement of medial temporal 
lobes, insula, and inferolateral frontal lobes. The basal ganglia 
are typically spared, helping to distinguish it from a middle 
cerebral artery infarct. Extra limbic involvement is more 
prevalent in children than in adults. In immunocompromised 
patients, involvement can be more diffuse and more likely to 
involve the brainstem [10] (Figure 3).

Figure 3: A 43 years old female with no known comorbids presented to ED with complaints of Headache, altered behavior 
and fever for the last 10 days. (Figure A) non-enhanced CT head shows low attenuation areas in bilateral temporal lobes, more 
on right side. MRI head (Figure B+C) show hyperintense signals on T2 and FLAIR sequences with corresponding hypointense 
signals on T1 sequence (Figure D) in bilateral temporal lobes and insular fissure. (Figure E+F) show patchy areas of different 
restriction. She underwent lumbar puncture and CSF DR showed predominant lymphocytic picture hence CSF HSV PCR was 
sent which showed HSV 1.

Herpes Simplex Virus 2 (HSV-2): Neuroradiologic 
manifestations of HSV-2 infection are much less uniform with 
immunocompetent patients showing mild edema in a similar 
distribution to HSV-1 infection. However, MRI changes in 
immunocompromised patients are inconsistent and may be 
more extensive, atypical or even entirely absent.

Human Herpes Virus 6 (HHV-6): Is a rare CNS infection due 
to human herpes virus 6 reactivation in immunosuppressed 
patients, with MRI signal intensity abnormalities of the 
medial temporal lobe [11].

Human Parechovirus (HPeV): HPeV infection is an 
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increasingly recognized cause of neonatal sepsis or 
Meningoencephalitis, often presenting with seizures, 
and MR imaging is an essential component of the clinical 
evaluation of seizures in neonates. DWI shows low diffusivity 
of the Supratentorial white matter with front parietal 
predominance, and involvement of the corpus callosum, 

thalami and sparing of, brain stem, basal ganglia and 
cerebellum [12].

Varicella Zoster Virus (VZV): Vasculitis induced 
presentations include encephalitis, myelitis, ataxia, Reye 
syndrome, and Ramsay-Hunt syndrome [13] (Figure 4).

Figure 4: A 22 years old gentleman with no known comorbids presented to ED with history of fever and skin rash for 5days 
and acute loss of consciousness.  MRI head (Figure A+B+C) show hyperintense signals in Bilateral Thalami And Brain Stem 
on T2 and FLAIR sequences. (Figure D+E) show diffusion restriction in bilateral centrum semiovale. (Figure F) shows micro 
hemorrhages in bilateral cerebral hemispheres. The patient underwent lumbar puncture and CSF DR showed predominant 
lymphocytic picture. Bio-Fire film array detected Varicella Zoster Virus.

Fungal

Cryptococcus Neoformans/Aatti: Four basic 
Manifestations: diffuse meningeal disease (more 

common), focal or multiple parenchymal lesions (common), 
disseminated nonfocal disease of the parenchyma (rare), 
focal lesion with dural base (rare) [14,15] (Figure 5).

Figure 5: A 68 years old male known hypertensive presented to ED with complaints of headache and drowsiness. MRI head 
(Figure A) shows hydrocephalus with periventricular seepage. (Figure B+C) show marked Basilar meningeal enhancement. 
Marked by arrow (Figure C+D) show enhancement of ependymal lining marked by arrow. Patient’s lumbar puncture was done 
showed infective picture. Bio-Fire film array detected Cryptococcus neoformans.
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 Conclusion

The imaging characteristics of CNS infections present 
a complex array of features. Classifying them based on 
conventional MRI sequences can offer an initial guide to 
narrowing down the potential diagnoses. Further refinement 
into specific etiologies can then be achieved using advanced 
MRI sequences and techniques.
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