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ABSTRACT 

Human cytomegalovirus (HCMV) is a highly widespread β-herpes virus that affects all age groups and is largely 

asymptomatic. The virus is transmitted through contact with bodily fluids and affects the central nervous system (CNS), 

causing neuropsychiatric disorders and contributing to immune activation and inflammation. HCMV infection can cause 

significant morbidity and be life-threatening for immunocompromised individuals and those taking immunosuppressant 

drugs. The virus can cause viral encephalitis in the immunocompromised, frequently resulting in brain damage. In 

addition, HCMV can cause serious infections affecting newborns with severe symptoms. In newborns, the virus can cross 

the blood-brain barrier (BBB), infecting brain cells and cerebrospinal fluid. Furthermore, HCMV can infect microglia, 

immune cells of the CNS with functions similar to macrophages, by activating toll-like receptors (TLRs) with the release 

of pro-inflammatory cytokines, including IL-1, TNF, and IL-6. This process leads to inflammation and neuropathic pain, 

which can be reduced by inhibiting these cytokines. Infection can also affect neurons and contribute to glioma and other 

brain pathologies. Here, the pathogenesis of HCMV infection involving the immune system and the effects on the CNS 

will be reported. 
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INTRODUCTION 

Human cytomegalovirus (HCMV) is a β-herpes virus that is widespread worldwide and primarily asymptomatic since 

the immune system contains it. HCMV is a virus that can affect any age group, with an incidence of about 50%-60% in 

developed countries (1,2), contributing to immune activation and inflammation (3). In addition, HCMV can affect the 

central nervous system (CNS), causing neuropsychiatric disorders (4) and the immune system, particularly in 

immunocompromised individuals and those taking immunosuppressant drugs (5,6). 

The virus is transmitted from an infected individual to a healthy individual through contact with body fluids, including 

breast milk, saliva, urine, blood, sperm, tears, wounds, and pus. (7). HCMV infection can remain permanently latent, and 

its reactivation in subjects with immune pathologies can cause serious damage to vital organs (8). HCMV infection 

appears to affect immunodeficient patients but can also affect individuals with an efficient immune system. Therefore, 

HCMV infections can have different degrees of severity. It is one of the most frequent serious infections affecting 
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newborns, estimated to be the leading cause of congenital infection in developed countries with an incidence between 

0,3% and 2,3% of all births, presenting with cranial bone changes, mental retardation, microcephaly, jaundice, hearing 

loss, skin lesions, impaired neurodevelopment, and other symptoms (9,10). This infection most commonly affects children 

with Down syndrome (trisomy 21). HCMV is also transmitted in bodily fluids from infected but symptom-free individuals 

(10). Most newborns can render the infection asymptomatic, and the severity of the disease depends on the individual 

immune response. HCMV infections can be lethal, especially in immunosuppressed patients with impaired T lymphocyte 

response. In the most severe pathological cases, the CNS and the hematopoietic and respiratory systems can be altered, 

especially in the first months of the newborn’s life (11). 

HCMV Immunity and Inflammation 

HCMV, present in body fluids, is primarily transported by myeloid cells and mainly affects certain types of cells, such 

as endothelial, epithelial, smooth muscle, and fibroblast cells (12). HCMV is transmitted from mother to child across the 

placenta, passes to the fetus, enters the bloodstream, and reaches the brain (13); the infection mainly affects newborns, 

while adults show a higher resistance. Since the newborn blood-brain barrier (BBB) is not yet formed, the virus can infect 

the brain cells and cerebrospinal fluid (14). The virus initially targets and replicates in astrocytes, cells important in 

synapse formation and supporting the BBB (11).  

HCMV can cause viral encephalitis, a very common disease after brain infection, responsible for permanent CNS 

damage, which can even lead to patient death (15). Viral encephalitis can be caused by various infections mediated by 

the immune cells responsible for the inflammation. HCMV encephalitis affects most patients with compromised immune 

systems, and the disease can be diagnosed by polymerase chain reaction (PCR) analysis. Brain damage caused by HCMV 

is relatively frequent and, in certain circumstances, can cause IL-1beta-mediated fever, chills, fatigue syndrome, myalgia, 

motor deficits with paraplegia, hypoesthesia, paraesthesia, dysesthesia, anaesthesia, disorientation, brain fog, bilateral 

visual loss, urinary retention, constipation, and coma (Table I). 

 

Table I. Infections caused by HCMV. 

Most frequent manifestations: • Colitis • Encephalitis 

 • Meningitis • Myelitis 

Pathological states of other 

organs: 
• Hemolytic anemia • Thrombocytopenia 

 
• Venous and/or arterial 

vascular thrombosis 
• Uveitis 

 • Pneumonia • Splenic rupture 

 • Coagulation • Pancytopenia 

 • Myelodysplastic changes • Abdominal pain 

 • Headache • Jaundice 

 

Microglia are long-lived immune cells in the brain that viruses, including HCMV, can activate. The innate immune 

defense of these cells protects against infection in the CNS, although in the case of HCMV, microglia are not the primary 

target. Microglia perform a function similar to peripheral blood monocytes in the CNS, protecting the brain from infection 

and inducing inflammation by releasing inflammatory mediators (16). Therefore, these cells appear to be not easily 

infected by HCMV. However, the virus can infect microglia by activating toll-like receptors (TLRs) involved in glial 

activation (17). It binds to TLR4, activating pro-inflammatory cytokines such as IL-1 beta, TNF-alpha and IL-6, causing 

inflammation and neuropathic pain (18,19) (Fig.1). These cytokines generated primarily by microglia, are the most studied 

inflammatory mediators in CNS insults, as several activators including viruses upregulate them. Their inhibition 

significantly reduces the inflammatory and neuropathic pain induced by pathogenic viruses. However, the exact 

mechanism(s) remain to be confirmed (20). 

Neurons, which have little possibility of replication, can be weakly infected by viruses which exploit neuronal 

metabolism to replicate and induce apoptosis (21). In addition, neuronal stem cells are also resistant to HCMV infection. 

However, the ependymal glial cells of the CNS have cilia that move the cerebrospinal fluid of the CNS and are easily 

infected by the virus (11). 
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Fig. 1. Here, we depict inflammation induced by HCMV in the brain, which provokes the generation of inflammatory 

cytokines and neurotransmitters such as substances P and neurotensin, leading to inflammation. 

 

An immunodeficiency involving CD8+ and/or CD4+ T cells is important for the reactivation of HCMV infection, an 

effect to be confirmed by future studies (22). Infection with HCMV can also promote the onset of tumors such as glioma 

and other brain pathologies (23). In addition, virus infection in the brain attracts T cells, exhibiting an immune and 

inflammatory effect. In some cases, specific antivirals can relieve symptoms, including systemic inflammation, and avoid 

death. (24,25). 

However, the pathogenesis of HCMV infection is still unclear, and therefore, future studies, especially involving the 

immune system, are needed to unravel the many obscure points that arise in the CNS. 

 

Conflict of interest  

The authors declare that they have no conflict of interest. 

 

REFERENCES 

1. Cytomegalovirus (CMV) and Congenital CMV Infection. [(accessed on 10 September 2022)]; Available online: 

https://www.cdc.gov/cmv/overview.html 

2. Zuhair M, Smit GSA, Wallis G, et al. Estimation of the worldwide seroprevalence of cytomegalovirus: A systematic review and 

meta-analysis. Reviews in Medical Virology. 2019;29(3):e2034. doi:10.1002/rmv.2034 

3. van de Berg Pablo J, Heutinck KM, Raabe R, et al. Human Cytomegalovirus Induces Systemic Immune Activation Characterized 

by a Type 1 Cytokine Signature. The Journal of Infectious Diseases. 2010;202(5):690-699. doi:10.1086/655472 

4. Zhang XY, Fang F. Congenital human cytomegalovirus infection and neurologic diseases in newborns. Chinese Medical Journal. 

2019;132(17):2109-2118. doi:10.1097/cm9.0000000000000404 

5. Griffiths P, Reeves M. Pathogenesis of human cytomegalovirus in the immunocompromised host. Nature Reviews Microbiology. 

2021;19(12):759-773. doi:10.1038/s41579-021-00582-z 

6. Griffiths PD. Cytomegalovirus infection complicating immunosuppressive treatment. Postgraduate Medical Journal. 

1988;64(747):1-3. doi:10.1136/pgmj.64.747.1 

7. Cannon MJ, Schmid DS, Hyde TB. Review of cytomegalovirus seroprevalence and demographic characteristics associated with 

infection. Reviews in Medical Virology. 2010;20(4):202-213. doi:10.1002/rmv.655 

8. Forte E, Zhang Z, Thorp EB, Hummel M. Cytomegalovirus Latency and Reactivation: An Intricate Interplay With the Host Immune 

Response. Frontiers in Cellular and Infection Microbiology. 2020;10. doi:10.3389/fcimb.2020.00130 



C. Cipriani et al.                        49  

European Journal of Neurodegenerative Diseases 2022; 11(2) July-December: 46-49                                  www.biolife-publisher.it 

 

9. Nassetta L, Kimberlin D, Whitley R. Treatment of congenital cytomegalovirus infection: implications for future therapeutic 

strategies. Journal of Antimicrobial Chemotherapy. 2009;63(5):862-867. doi:10.1093/jac/dkp083 

10.  Schottstedt V, Blümel J, Burger R, et al. Human Cytomegalovirus (HCMV) – Revised. Transfusion Medicine and Hemotherapy. 

2010;37(6):365-375. doi:10.1159/000322141 

11.  Krstanović F, Britt WJ, Jonjić S, Brizić I. Cytomegalovirus Infection and Inflammation in Developing Brain. Viruses. 

2021;13(6):1078. doi:10.3390/v13061078 

12.  Aguiar A, Galinato M, Bradley Silva M, Toth B, McVoy MA, Hertel L. Human Cytomegalovirus Replication and Infection-

Induced Syncytia Formation in Labial, Foreskin, and Fetal Lung Fibroblasts. Viruses. 2021;13(12):2355. doi:10.3390/v13122355 

13.  Buxmann H, Hamprecht K, Meyer-Wittkopf M, Friese K. Primary Human Cytomegalovirus (HCMV) Infection in Pregnancy. 

Deutsches Aerzteblatt Online. 2017;114(4):45-52. doi:10.3238/arztebl.2017.0045 

14.  Alcendor DJ, Charest AM, Zhu WQ, Vigil HE, Knobel SM. Infection and upregulation of pro-inflammatory cytokines in human 

brain vascular pericytes by human cytomegalovirus. Journal of Neuroinflammation. 2012;9(1). doi:10.1186/1742-2094-9-95 

15.  Slavuljica I, Kveštak D, Csaba Huszthy P, Kosmac K, Britt WJ, Jonjić S. Immunobiology of congenital cytomegalovirus infection 

of the central nervous system—the murine cytomegalovirus model. Cellular and Molecular Immunology. 2015;12(2):180-191. 

doi:10.1038/cmi.2014.51 

16.  Bachiller S, Jiménez-Ferrer I, Paulus A, et al. Microglia in Neurological Diseases: A Road Map to Brain-Disease Dependent-

Inflammatory Response. Frontiers in Cellular Neuroscience. 2018;12(488). doi:10.3389/fncel.2018.00488 

17. Patrycy M, Chodkowski M, Krzyzowska M. Role of Microglia in Herpes virus-Related Neuroinflammation and 

Neurodegeneration. Pathogens. 2022;11(7):809. doi:10.3390/pathogens11070809 

18.  Compton T, Kurt-Jones EA, Boehme KW, et al. Human Cytomegalovirus Activates Inflammatory Cytokine Responses via CD14 

and Toll-Like Receptor 2. Journal of Virology. 2003;77(8):4588-4596. doi:10.1128/jvi.77.8.4588-4596.2003 

19.  Jarvis MA, Borton JA, Keech AM, et al. Human Cytomegalovirus Attenuates Interleukin-1β and Tumor Necrosis Factor Alpha 

Proinflammatory Signaling by Inhibition of NF-κB Activation. Journal of Virology. 2006;80(11):5588-5598. 

doi:10.1128/jvi.00060-06 

20.  Tang XD, Ji TT, Dong JR, et al. Pathogenesis and Treatment of Cytokine Storm Induced by Infectious Diseases. International 

Journal of Molecular Sciences. 2021;22(23):13009. doi:10.3390/ijms222313009 

21.  Allsopp TE, Scallan MF, Williams A, Fazakerley JK. Virus infection induces neuronal apoptosis: A comparison with trophic factor 

withdrawal. Cell Death & Differentiation. 1998;5(1):50-59. doi:10.1038/sj.cdd.4400298 

22.  Brizić I, Šušak B, Arapović M, et al. Brain‐resident memory CD8+T cells induced by congenital CMV infection prevent brain 

pathology and virus reactivation. European Journal of Immunology. 2018;48(6):950-964. doi:10.1002/eji.201847526 

23.  Hu M, Wang B, Qian D, et al. Human cytomegalovirus immediate-early protein promotes survival of glioma cells through 

interacting and acetylating ATF5. Oncotarget. 2017;8(19):32157-32170. doi:10.18632/oncotarget.17150 

24.  Devetag FC, Boscariolo L. Cytomegalovirus Meningoencephalitis with Paroxysmal Course in Immunocompetent Adults: A New 

Nosographical Entity. European Neurology. 2000;44(4):242-247. doi:10.1159/000008244 

25.  Eddleston M, Peacock S, Juniper M, Warrell DA. Severe Cytomegalovirus Infection in Immunocompetent Patients. Clinical 

Infectious Diseases. 1997;24(1):52-56. doi:10.1093/clinids/24.1.52 

   


