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Abstract

Introduction. The elderly are at a higher risk of infectious pathologies, which represent the third cause of primary
mortality over 65 years and the leading cause of incidental mortality. The aim of a prospective longitudinal study
conducted from April 1, 2012 to August 31, 2015 was to compare the epidemiological, clinical, biological, and etiological
characteristics of encephalitis and meningoencephalitis in the elderly with those of young adults.

Methods. Patients aged over 28 days with suggestive symptoms of encephalitis were included from three medical
departments (resuscitation, infectious diseases, and pediatrics) based on established inclusion and exclusion criteria.
Patients seropositive for HIV and children under 15 years of age were excluded. Based on age, two groups were formed:
group A (under 65 years old) and group B (65 years old and above), and were compared epidemiologically, clinically,
and in terms of evolution.

Results. Out of 141 files that met the inclusion criteria, 38 were excluded (age < 15 years). The average age for groups
A and B were 36.27 * 13.9 years (extremes: 17-64 years) and 72.55 * 5.6 years (range: 66-83 years), respectively. In
group B, progressive onset was the main feature (54.5%), associated with behavioral disorders (81.8%) and focal
neurological disorders (81.8%). A significant part of these patients also had respiratory signs (36.8%), while in group
A, behavioral disorders, focal and diffuse neurological disorders represented 49.6%, 45.5%, and 29.3% of cases,
respectively. Out of 92 (65.2%) patients in group A, 44 (47.8%) had confirmed and/or probable viral etiologies, 31
(33.7%) had confirmed and/or probable bacterial etiologies, 3 (3.3%) had parasitic etiologies, 29 had confirmed co-
infections, and 42 (45.7%) were treatable.

Conclusion: The study highlights the frequency of encephalitis and meningoencephalitis of viral origin in the elderly.
The diagnosis remains difficult and any neurological sign recent onset and evolving in a febrile context should suggest
the diagnosis.
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1. Introduction

Encephalitis and meningoencephalitis are significant health concerns that require accurate etiological diagnosis and
long-term support. They are relatively common, with an incidence of 3.5-7.4 per 100,000 inhabitants per year, and have
a high mortality rate of 10 to 12% (1-3). The definition of “elderly” remains somewhat vague and disputed in the
literature. While the World Health Organization (WHO) defines the elderly as individuals aged 65 and above, other
studies suggest that the definition should include only those aged 75 and above (4). The elderly population is at risk for
various pathologies, and infectious diseases are the third leading cause of primary mortality and the leading cause of
incidental mortality after the age of 65 (4-6). Although encephalitis and meningoencephalitis are less common in the
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elderly compared to other age groups, they are associated with high morbidity, mortality rates of up to 25% (7), and
potential sequelae. Diagnostic and therapeutic delays can exacerbate these conditions.

Diagnosing encephalitis and meningoencephalitis in the elderly can be challenging due to differences in epidemiology
and clinical presentations, which can sometimes be misleading and lead to inadequate care. The reason for admission
is often nonspecific, with symptoms resembling those of a stroke, seizures, or confusion. These clinically deceptive
presentations can occur regardless of the etiology and sometimes complicate the diagnostic process (8-10). In the
elderly, bacterial infections are more common than viral infections (11-15). Studies have found that S. pneumoniae is
the most frequently identified causative agent, accounting for 24% to 65% of cases. There is also an increasing
prevalence of multi-resistant bacteria (16). Other pathogens, such as N. meningitidis, L. monocytogenes, and M.
tuberculosis, are also found, although less frequently. Herpetic meningoencephalitis accounts for 10% to 35% of cases
in the elderly (17-19).

The objective of this study is to investigate the epidemiological, clinical, and etiological features, as well as the long-term
prognosis, of encephalitis and meningoencephalitis in the elderly, and compare them to those observed in young adults.

2. Material and methods

A prospective longitudinal and exhaustive study was conducted between 2012 and 2015 on patients aged over 28 days
who were admitted to the infectious diseases (PHE), pediatrics (UHC), and medical intensive care (UHC) departments
in Batna for encephalitis and meningoencephalitis with negative HIV status. The study followed the inclusion and
exclusion criteria recommended by the FLIPS (20). The study primarily focused on epidemiological data, clinical
compatibility, and radiology (CT, MRI).

For each patient, a comprehensive study of the cerebrospinal fluid (CSF) was conducted, including cytological analysis,
chemical analysis (proteins, glucose, serum/CSF glucose ratio), and microbiological analysis. The microbiological
analysis involved direct examination, soluble antigens, and culture for pyogenic germs and KB. Additionally, viral
culture, polymerase chain reaction (PCR) tests on CSF, serum, and nasopharyngeal samples, and serological tests were
performed to further investigate the microbiological aspects. These samples were immediately frozen at -80 °C for
subsequent analysis. Blood samples were also collected in EDTA tubes (5 ml) or dry tubes (5 to 10 ml) upon patient
discharge. These additional analyses, including real-time PCR/RT-PCR and serological tests, were conducted at the
Institute of Infectious Agents (IAI) of Lyon University Hospital, following the standards of IAl microbiology laboratories.

Concurrently with the lumbar puncture, venous blood samples were taken for routine laboratory analysis, including
complete blood counts, blood cultures, ionogram, C-reactive protein, and procalcitonin. All these parameters were
recorded on a technical sheet. The etiological investigation was conducted in accordance with the recommendations of
the FLIPS (20) for the treatment of patients with encephalitis.

The recommended diagnostic procedure for encephalitis and meningoencephalitis is divided into three successive
steps, depending on the frequency of infectious agents as a cause of encephalitis and the need to start early treatment
for certain pathogens and depending on the outcome. The etiology identified for each case is categorized as confirmed,
probable, possible, or unknown. Each case can be affected by more than one etiology. The care measures are decided by
the doctors of each department immediately after establishing the diagnosis of encephalitis and/or
meningoencephalitis.

Patients who could not exclude a bacterial origin were treated with antibiotics, typically using a third-generation
cephalosporin such as cefotaxime or ceftriaxone, along with amoxicillin and/or vancomycin, in accordance with
international recommendations (9,21,22). The empirical antibiotic therapy was then adjusted based on the results of
microbiological studies and clinical progress. Patients suspected of having herpes simplex meningoencephalitis were
treated with acyclovir (15). In this study, two age groups were defined: group A, consisting of patients aged over 15 and
under 65, and group B, comprising patients aged 65 and older.

To perform statistical analysis, the study compared various factors, including epidemiological, clinical, radiological,
etiological, and therapeutic aspects. An independent factor analysis was also conducted. A p-value of less than 0.05 was
considered statistically significant. The Chi-2 test was used to compare quantitative variables, with a risk of error (a)
set at 5%.
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3. Results

In our study, 141 patients with encephalitis and/or meningoencephalitis were included. Among them, 38 patients under
the age of 15 were excluded. The remaining 103 patients met the inclusion and exclusion criteria, and 83 of them
(80.6%) had a definite etiology. Of these 83 cases, 50 (48.5%) had a confirmed and/or probable viral etiology, 33 (32%)
had a confirmed and/or probable bacterial etiology, and 4 (3.9%) had a parasitic etiology. Among the cases with a
definite etiology, 40 (38.8%) had a monomicrobial etiology, while 34 (33%) had a co-infection, with 5% of these cases
involving more than two germs. Out of the 103 cases of encephalitis and meningoencephalitis, 11 (7.8%) belonged to
the elderly group (Group B), while 92 (65.2%) belonged to the young people group. The age distribution of these 103
patients is shown in Figure 1.

= A group <65yrs = B group =65yrs

Figure 1 Distribution of patients by group

Among the 11 patients (7.8%) in Group B, 9 (81.8%) received a diagnosis. Of these, 8 (72.7%) cases had a confirmed
and/or probable viral etiology, including 8 cases of coronaviruses, 4 cases of CMV, 3 cases of HSV, 1 case of EBV, 1 case
of Adenovirus, 1 case of HHV®6, 1 case of VZV, and 1 case of KB virus. Two (18.2%) cases had a confirmed and/or probable
bacterial etiology (KB), and 1 (19.1%) case had a possible bacterial etiology (KB). One (19.1%) case had a parasitic
etiology (PF). Among the patients with a parasitic etiology, 4 (36.4%) had a monomicrobial parasitic etiology, and 5
(45.5%) had co-infections, including 2 cases of “2 confirmed-probable,” 2 cases of “probable-probable,” and 1 case of
“probable-possible.” Eight cases (72.7%) were treatable.

Among the 92 patients (65.2%) in Group A, 74 (80.4%) received a diagnosis. Of these, 44 (47.8%) had a confirmed
and/or probable viral etiology, including 12 cases of EBV, 10 cases of HSV, 10 cases of coronaviruses, 4 cases of
Enterovirus, 4 cases of CMV, 3 cases of HHV6, 1 case of adenovirus, 1 case of mumps, 1 case of rubella, 1 case of
Rhinovirus, 1 case of VZV, and 2 cases with a possible viral etiology (1 West Nile, 1 VZV). Additionally, 31 cases (33.7%)
had a confirmed and/or probable bacterial etiology, including 18 cases of BK, 5 cases of Listeria, 4 cases of Streptococcus
pneumoniae, 3 cases of Chlamydae, 1 case of Streptococcus D, 1 case of BGN, and 1 case of Lyme. Furthermore, 19 cases
(20.7%) had a possible bacterial etiology, including 6 cases of BK, 4 cases of Coxiella Burnetii, 3 cases of Rickettsia Typhi,
2 cases of Mycoplasma, 1 case of Chlamydae, 2 cases of Rickettsia Conorrii, and 1 case of Rickettsii Rickettsii. Three
cases (3.3%) had a parasitic etiology (PF). Among the patients with a parasitic etiology, 36 (39.1%) had a monomicrobial
etiology, and 29 cases had coinfections, including “2 confirmed-confirmed,” 12 “confirmed-probable,” 13 “probable-
probable” and/or “probable-possible,” and 2 “possible-possible.” Forty-two cases (45.7%) were treatable. The
pathogens involved in the 103 patients with encephalitis and meningoencephalitis are listed in Table 1.

Table 1 Identified etiologies of encephalitis and meningoencephalitis

Etiologies A Group n=92% B Group n=11%
EBV 12 01
HSV1 10 03
Coronavirus 10 08
Enterovirus 04 00
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The sex distribution was similar in both groups, with 51 men and 41 women in group A, resulting in a sex ratio of 1.24.
The average age of group A was 36.27 + 13.9 years, ranging from 17 to 64 years. In group B, there were 7 men and 4
women, resulting in a sex ratio of 1.75. The average age of group B was 72.55 # 5.6 years, ranging from 66 to 83 years.
Regarding comorbidities, diabetes was observed in 36.4% of group B patients, compared to 8.7% in group A. Cancer
was present in 18.2% of group B patients, while only 1.1% of group A patients had cancer. Additionally, 18.2% of group
B patients were diagnosed with epilepsy, and 9.1% had psychiatric disorders. In contrast, 6.5% of group A patients had
underlying respiratory problems, and 4.4% were diagnosed with psychiatric disorders.

In group B, the elderly population, the following clinical characteristics were observed: gradual onset was mostly
observed in 54.5% of cases, signs of tuberculous impregnation were present in 45.5% of cases, headaches were reported
by 72.7% of patients, neck stiffness was observed in 45.5% of cases, often associated with behavioral disorders (81.8%),
focal neurological disorders were present in 81.8% of cases, psychiatric disorders and hallucinations were reported in
18.2% of cases, respiratory signs were observed in 54.5% of patients. In contrast, group A, the young adult population,
had lower rates of behavioral disorders (55.4%) and focal neurological disorders (56.5%). Respiratory impairment was
observed in only 29.3% of cases.
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Table 2 Comparison of the 2 groups according to the epidemiological parameters

Epidemiological parameters | A Group n=92 | B Group n=11 | P
Underlying pathology 25(27.2) 8(72.7) 0.002
Diabetes 8(8.7) 4(36.4) 0.007
Cancer 1(1.1) 2(18.2) NS (0.069)
Cardiovascular pathology 7(7.6) 2(18.2) 0.009
Immunosuppressive Therapy | 3(3.3) 1(9.1) NS (0.069)
Prior psychiatric history. 4(4.4) 1(9.1) NS 0.8
Head trauma 11(12) 0 NS 0.225
Epilepsy 1(1.1) 2(18.2) NS 0.806

For the population belonging to Group B, the following clinical characteristics were observed: gradual onset was mostly
observed in 54.5% of cases, 45.5% had shown signs of tuberculous impregnation, 72.7% complained of headaches,
45.5% had neck stiffness associated with behavior disorders in 81.8% of cases, focal neurological disorders were
observed in 81.8% of cases, 18.2% of cases were accused of having psychiatric disorders and hallucinations, many
patients also had respiratory signs (54.5%). In Group A, the following clinical characteristics were observed: behavioral
disorders represented only 55.4%, focal neurological disorders represented only 56.5%, respiratory impairment
represented only 29.3%. The clinical characteristics of the 11 elderly people belonging to Group B and the 92 young
patients belonging to Group A are listed in Table 3.

Table 3 Comparison of the 2 groups according to clinical parameters

Clinical parameters A Group n=92% B Group n=1% P
Gradual Start 54(58.7) 6(54.5) 0.792 NS
Fever >38.5 67(72.8) 7(63.6) NS 0.522
The altered general condition 62(67.4) 9(81.8) NS 0.543
ENT signs 18(19.6) 0 NS 0.106
Respiratory impairment 27(29.3) 6(54.5) NS 0.091
Headache 83(90.2) 8(72.7) 0.087
Meningeal stiffness 47(51,1) 5(45.5) NS 0.724
Consciousness disorders 53(57.6) 9(81.8) NS (0.121)
Confusion 12(13) 2(18.2) NS 0.630
Glasgow 8-11 20(21.7) 4(36.4) NS 0.278
Behavioral problems 51(55.4) 9(81.8) NS 0.535
Neurological disorders focal points 52(56.5) 9(81.8) NS 0.469

For Group B, the following biological characteristics were observed: pleiocytosis was present in 45.5% of cases, 63.6%
had normal glycorrhachia, 45.5% had hyperproteinorachia, 81.8% had hyponatremia. For Group A, the following
biological characteristics were observed: pleiocytosis was present in 78.8% of cases, 61.1% had normoglycorachia, 60%
had hyperproteinorachia and 45.7% had hyponatremia. Biological characteristics of the 11 elderly people belonging to
Group B and the 92 young patients belonging to Group A are listed in Table 4.
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Table 4 Comparison of the 2 groups according to the Biological Parameters

Biological Parameters | A Group n=92 | B Group n=11 | P

Pleocytosis 67(78.8) 5(45.5) NS (0.075)
Hypoglycorachia 32(38.1) 2(18.2) NS (0.347)
hyperalbuminorachia 48(60) 5(45.5) NS (0.797)
Hyperleukocytosis 42(45.7) 6(54.5) NS (0.576)
Strongly Positive CRP 24(26.1) 6(54.5) NS (0.061)
Positive Pro calcitonin 54(58.7) 7(63.7) NS (0.685)
Hyponatremia 42(45.7) 9(81.8) NS (0.091)

For Group B, the following radiological and evolutionary characteristics were observed: pathological imaging was
observed in 90.9% of cases, with parietal lobe involvement in 45.5% and hydrocephalus in 36.4%. The pathological EEG
was observed in 9.1% of cases. Admission to intensive care was required for 36.4% of cases. 72.7% of patients in Group
B passed away. For Group A, the following radiological and evolutionary characteristics were observed: pathological
imaging was observed in 62% of cases, with hydrocephalus in 23.3% and frontal lobe involvement in 16.7%, the
pathological EEG was observed in 14.1% of cases, admission to intensive care was required for 18.5% of cases. 28.3%
of patients in Group A passed away. Radiological and evolutionary characteristics of the 11 elderly people belonging to
Group B and the 92 young patients belonging to Group A are listed in Table 5.

Table 5 Comparison of the 2 groups according to radiological and progressive parameters

Radiological and progressive parameters | A Group n=92 | B Group n=11 | P
Pathological Imaging 57(62) 10(90.9) NS 0.232
Hydrocephalus 21(23.3) 4(36.4) NS 0.345
Parietal lobe involvement 14(15.6) 5(45.5) 0.017
Bilateral involvement 12(13,3) 4(36.4) 0.048
ECG 13(14.1%) 1(9.1%) 0.005
Intensive care Admission 17 (18.5) 4(36.4%) 0.000
Death 28.3% 72.7% 0.003

4. Discussion

Previous studies have primarily focused on meningitis in adults (23-26). However, there are fewer studies on the
particularities of infectious meningitis in the elderly (27). In your study, the frequency of involvement in the elderly
population was found to be 7.8%. Among the elderly patients, 72.8% had comorbidity, and 9.1% had
immunosuppression. These results indicate a lower frequency of infection in the elderly compared to other studies. For
instance, a study conducted in France over a 10-year period (January 1988 to June 1998) reported an involvement rate
of 27.6% among the elderly (42 out of 152 cases). The presence of comorbidity was observed in 51% of cases, and
immunosuppression was present in 30% (28). Similarly, a study conducted in the United States from 1998 to 2007
showed a frequency of 20% among elderly patients. Another study conducted in Taiwan reported that the elderly group
accounted for 34.8% (87 out of 261 cases) (6,29).

Inyour study, 72.7% of viral attacks were reported, including CMV, HSV, and Echovirus. This is quite different from viral
meningitis, where elderly subjects seem to be less affected (24). Your result is significantly higher than what was
reported in other studies, such as 23.8%, 11%, 10.5%, and 11.6% (30-32). In the study by Gorse et al. (32), viral
etiologies were reported to be 47.8% for young subjects, compared to 72.4%.

In the elderly, most published works find that the first pathogenic agent is Streptococcus pneumoniae in 24% to 65%

of cases (30). Other studies have reported that Streptococcus pneumoniae, Neisseria meningitidis, and Listeria
monocytogenes were common pathogens (33,34). However, your results are different, highlighting a significant
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proportion of tuberculous etiology (27.3%). This difference in the pathogens involved may reflect several factors,
including geographic distribution, which can influence the epidemiological trend of meningoencephalitis (25,35).

In their work on meningoencephalitis, most authors have highlighted several predisposing factors, including ENT
infectious pathologies, diabetes, immunosuppression, and head trauma (25,27). However, the results of your study did
not align with these findings, except for diabetes (36.4%) and cancer (18.2%), which were like what was reported in a
study conducted in Taiwan (29). The significance of the underlying pathology was found to be objective when compared
to encephalitis and meningoencephalitis in young subjects. The same was observed for diabetes and cardiovascular
pathology, with respective p-values of 0.007 and 0.002. The higher incidence of diabetes in Group B (elderly) can be
attributed to the fact that the prevalence of diabetes increases with age (36). The presence of epilepsy (18.2%) was
considered a serious risk factor in this age category (33,35,37).

In the elderly, the typical presentation of encephalitis and meningoencephalitis is an association of fever, impaired
consciousness (from confusion to coma), and possibly irritation meningitis but without frank meningeal syndrome (38),
contrasting with the classic presentation of children or young adults (39). Although stiffness of the neck, a sign that is
not very specific and not very sensitive in the elderly to be considered (12), in your study, it was observed in 45.5% of
cases. Confusion, which is the main sign of meningoencephalitis in the elderly and should alert the clinician (40), was
observed in 18.5% of the population studied.

In your series, 81.8% of cases experienced disorders of consciousness, and 36.4% of cases had comitial crises. These
values are consistent with previously published data (30). On the other hand, 81.8% of your cases exhibited neurological
signs associated with cerebral locations, compared to only 31% in the other study (30). This suggests that the diagnosis
of encephalitis and meningoencephalitis in the elderly is difficult, as the neurological presentation accounts for a greater
share than with any other germ. In a study on herpetic meningoencephalitis in elderly subjects, similar conclusions were
drawn based on the results, including disordered consciousness (77.3%), convulsions (31.8%), and focal signs (54.5%).
All patients in that study also presented neurological signs (16).

According to your results, there are no more abnormalities highlighted in the elderly compared to the young subjects.
The frequency of anomalies of cerebral tomography in your series was close to that reported in the literature (90%)
(25,27,40), except for parietal lobe involvement (p=0.007), bilateral involvement (p=0.048), and electrical
abnormalities (p=<0.001).

The prognosis of meningoencephalitis has been the subject of several studies. Mortality in bacterial infection is
estimated in the literature at 7.3% to 27% in young adults compared to 35% to 57% in elderly persons (10,11). From
your point of view, you also deplored a higher rate of mortality in Group B (72.7%) compared to 28.3% in young persons,
because age is a serious prognostic factor. This death rate in Group B was much higher than what was reported in the
Taiwan study (43%) (29).

5. Conclusion

This study has successfully highlighted the frequency of encephalitis and meningoencephalitis in elderly subjects. The
diagnosis of these conditions remains challenging due to the prevalence of confusion and comitial crises, which lack
specificity. However, any recent neurological sign that evolves in a febrile context should raise suspicion for these
conditions. It is important to note that performing a brain CT scan should not be done systematically and should not
delay treatment. Initial treatment should consider these epidemiological considerations. Furthermore, the relative
frequency of pathogens involved in encephalitis and meningoencephalitis in the elderly is similar to that observed in
young subjects.
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