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Abstract 

Acute bacterial meningitis is associated with significant morbidity and mortality rates despite the advances in antimicrobial 

therapy. Adjunctive corticosteroid therapy for acute bacterial meningitis is one of the most widely discussed controversial issues 

recently. Thus, the aim of this review is to evaluate the effectiveness of dexamethasone as an adjunctive treatment to improve the 

clinical outcome and prevent complications in acute bacterial meningitis patients. Dexamethasone is classified as glucocorticoid 

agonist; mostly indicated as an anti-inflammatory medication used specifically to decrease cerebral edema. Although many studies 

have supported the beneficial effect of adjuvant dexamethasone in preventing cerebral edema in acute bacterial meningitis, it has 

been reported that dexamethasone has major side effects and no significant evident effect in lowering mortality rates. In addition, it 

has a marked effect on limiting the penetration of antibiotics into the cerebrospinal fluid. All these results support the stance 

against using dexamethasone in acute bacterial meningitis. 
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1. Introduction 

Meningitis is a critical condition with significant morbidity 

and mortality rate despite the advances in antimicrobial 

therapy [1]. It implies a serious infection of the meninges; dura, 

arachnoid and pia matter, and extend to the underlying cortex. 

The blood flow to the brain is reduced due to the inflamed 

tissue and the edema raises the intracranial pressure leading to 

several neurological manifestations. The typical presentation 

of meningitis cases is a stiff neck, confusion, hyperpyrexia, 

photophobia, seizures, confusion, headache and vomiting. 

Different microorganisms such as bacteria, virus and fungal 

may reach the meninges directly through the ear, nasopharynx 

and cranial injury or indirectly through blood stream spread [2]. 

Globally, one of the most common and severe types of 

meningitis is bacterial meningitis due to the widespread use of 

antibiotics. The incidence of bacterial meningitis varies 

throughout the world. As in the UK and Western Europe, 1–2 

cases per 100 000 people each year, while it can extend to 

1000 cases per 100 000 individual each year in the Sahel 

region of Africa [3]. In the Kingdom of Saudi Arabia, increase 

incident of bacterial meningitis cases have appeared after 

Alhaj and Alomra seasons, in which 48% of the cases reported 

in the holy areas both Makkah and Madinah [4]. Mainly caused 

by Neisseria meningitidis, Streptococcus pneumonia, and 

Haemophilus influenza.  

Bacterial meningitis can lead to a good prognosis and less 

complication if diagnosed and treated early, although 5% to 

10% die. However, the overall mortality rate remains at a high 

70-100% for untreated cases with inferior prognosis for a 

patient in the extreme of age [5]. The leading cause of 

complications in acute bacterial meningitis is the congestion 

developed in pia matter with polymorph which may lead to 

adhesions [2] causing cranial nerve palsies as sensorineural 

hearing loss, the most frequent and permanent one, and 

learning disability in 10% to 20% of survivors [2]. 

Furthermore, the severity of the inflammation in subarachnoid 

space determines the clinical outcome. This means that most 

of the neurological damage in acute bacterial meningitis 

patients is due to edema, not the infection.  

Acute bacterial meningitis treatment guidelines state that the 

first line of treatment is antibiotics, and many studies have 

looked at effect of adjuvant treatment as dexamethasone [6]. 

Dexamethasone is classified as a glucocorticoid agonist; it has 

anti-inflammatory action by inhibiting polymerphonuclear 

leukocytes infiltration in the inflammatory site. It has the 

ability to penetrate the CNS and can be used alone to manage 

cerebral edema [7]. 

Several studies have focused on assessing the dexamethasone 

effect. According to European guidelines, DEXA should be 

administrated with or shortly after a first dose of antibiotic in 

suspected cases of bacterial meningitis [8]. This is supported 

by a study concluding a reduction in risk of death by (Tinuade 

A Ogunlesi at.al) [7]. Meanwhile, a study done by (Esayas 

Gudina at.al) reported an increase in mortality rate and poor 

discharge Glasgow outcome scale scores at discharge in 

suspected cases [1]; a third suggestion that DEXA approved 

non-significant reduction of mortality [9]. Furthermore, two 

recent studies have addressed a side effect of using DEXA as 

an adjuvant drug, visible blood in the stool noted with 

recurrent fever [9, 10]. Nevertheless, no side effect was recorded 

according to the European guidelines [11]. In addition, another 

aspect was discussed covering the hearing loss improvement 

by DEXA. In high income countries, DEXA has reduced 

severe hearing loss and neurological damage [10, 11]. In 

contrast, no improvement in sensorineural hearing loss was 

reported by (Ogunlesi TA et.al) [8]. Lastly, the empirical use of 

DEXA is still controversial [12] and it is reported as a central 

nervous system protective by (Kai-Xian Du at.al) [13]. Thus, 
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inconsistent findings for adjuvant dexamethasone in 

preventing edema to ensure better prognosis have been 

reported. 

The aim of this review is to evaluate the effectiveness of 

dexamethasone as adjunctive treatment to improve the clinical 

outcome and prevent complications in acute bacterial 

meningitis patients of all ages.  

 

2. Literature review 
2.1 Epidemiology of bacterial meningitis 

Acute bacterial meningitis is a serious infectious disease of the 

membranes covering the brain resulting in a significant 

morbidity and mortality rates around the world [11]. 

Worldwide, the epidemiology of bacterial meningitis is not 

equally distributed [3]. In the Kingdom of Saudi Arabia, the 

incidence rises after Alhaj and Alomra seasons with 48% of 

the cases recorded in Makkah and Madinah [4].  

Worldwide, the introduction of conjugated vaccines against N. 

meningitidis serogroup C and 7-, 10- and 13-valent 

pneumococcal and H. influenzae type b has altered the 

epidemiology of community-acquired bacterial meningitis in 

the past decades [14]. This has resulted in a considerable 

reduction in the incidence of bacterial meningitis in children 
[15]; thus currently adults form the majority of patients. The 

type of pathogenic bacteria in bacterial meningitis is based on 

the age group and predisposing factors [6]. 

The most common neonatal period for bacterial meningitis is 

in a range between the second and the sixth weeks [16]. 

Bacterial meningitis in neonates is commonly caused by 

streptococcus agalactiae (group B streptococcus, GBS) and 

Escherichia coli [6].  

In the main three pathogens caused bacterial meningitis in 

childrenbeyond neonates’ age historically, which were H. 

influenzae type b, Neisseria meningitides, and Streptococcus 

pneumoniae [6], but they have disappeared due to the 

introduction of vaccination in the 1990s [17]. Currently, both 

children and adult’s cases are affected by the serogroup B 

meningococcal meningitis [18]. Similarly, the incidence of 

pneumococcal meningitis has become equal to the incidence 

of meningococcal meningitis in children beyond the neonatal 

age [19].  

In the adult population, the majority of the affected cases are 

caused by S. pneumoniae [20]. Meanwhile, adolescents mostly 

are affected by Meningococcal meningitis [18]. Another 

causative pathogen found in old age and immunocompromised 

patients is Listeria monocytogenes [21]. In addition, 1-2% of 

bacterial meningitis of adult cases are caused by Haemophilus 

influenzae and Staphylococcus associated with underlying 

conditions as sinusitis [6]. Common bacterial meningitis 

organisms are summarized in Table.1. 

 
Table 1: Common bacterial meningitis organisms 

 

 
Source: Al Bekairy A M. et al., 2014 [4] 

 

2.2 Risk factors of bacterial meningitis 

The acquired risk factors for bacterial meningitis can be 

summarized as follows:  

 

2.21 Age 
The incidence of BM is highest in the extreme of age (young 

children <5 years, and elderly > 60 years) [4]. As mentioned 

before, children and infants have been protected by 

vaccination 

against specific causative pathogens. In elderly patients the 

immunity declines, thus increasing the susceptibility to 

infection and reducing vaccine efficacy [22].  

 

2.22 Immuno-compromising factors: 

50% of bacterial meningitis patient have predisposing 

conditions, one-third of these have an immunodeficiency [22]. 

These conditions can be, post-splenectomy, malignancy, 

diabetes, alcoholism/cirrhosis and hematologic disorders such 

as sickle cell disease or thalassemia major [4, 22]. 

 

2.23 Medications  
Such as nonsteroidal anti-inflammatory drugs (NSAIDs), and 

trimethoprim-sulfamethoxazole [4]. 

 

2.24 Exposure to pathogens 
Recent colonization, contact with meningitis patient, sinusitis, 

CNS trauma and dural defect [4]. 

 

2.25 Disease 
As systemic lupus erythematosus [4].  

 

2.3 Pathogenesis of bacterial meningitis: 

Numerous aspects of bacterial meningitis pathogenesis remain 

still undiscovered. Nevertheless, four main stages are known: 

colonization, invasion and survival in the bloodstream, and 

then affection of the subarachnoid space.  
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For further explanation, the bacteria initially colonize the 

upper respiratory tract mucous membranes and it is a 

combination of bacteria adherence to the cell surface and 

avoidance of the host’s defense mechanism. Followed by the 

invasion into the bloodstream either transcellularly (through 

cells) or pericellularly (between cells). Then, evasion of the 

immune system is required to survive in the blood stream. 

Thus, most meningitis cases are followed by bacteremia. 

However, direct spread to CNS might occur in underlying 

conditions such as otitis media and sinusitis or from the nose 

through dural defects is also possible. The last stage is bacteria 

entry into the subarachnoid space, where the bacteria start to 

multiply because the lack of host defenses. Subsequently, 

recognition of bacterial components develops by pattern 

recognition receptors which present on microglia cells and 

other brain cells. This recognition leads to a cascade of events 

resulting in the release of pro-inflammatory mediators, for 

instance TNFα, interleukin 6, and interleukin 1β. 

Therefore, the inflammatory process in the subarachnoid 

space reduces blood flow to the brain tissue developing three 

types of cerebral edema, which are vasogenic edema due to 

the increase in blood vessel permeability, interstitial edema 

due to increase in CSF pressure, and cytotoxic edema due to 

the disturbance in the cerebral vessels autoregulation, which, 

in turn, increase the intracranial pressure causing neurological 

damage [2, 3, 5]. 

 

2.4 Clinical manifestation of bacterial meningitis 

The clinical presentation of bacterial meningitis is similar to 

several other illnesses; thus, it is difficult to diagnose 

clinically. Differential diagnosis involves viral and fungal 

meningitis, meningitis caused by autoimmune conditions, 

medications, for example, trimethoprim and non-steroidal 

anti-inflammatory drugs, and malignancy, as well as non-

meningitic illnesses including sub-arachnoid hemorrhage, and 

migraine. However, a combination between any two of the 

signs and symptoms; headache, neck stiffness, fever, and 

disturbed consciousness are common in up to 95% of patients 
[3]. To confirm the diagnosis, laboratory tests with physical 

examination and the patient’s medical history are required [4].  

 

2.5 Management of bacterial meningitis 

The gold standard for meningitis diagnosis is the examination 

of the cerebrospinal fluid. Typically, high protein and low 

glucose are reported in the CSF in the case of bacterial 

meningitis. Moreover, high white blood count in CSF is an 

indication of meningitis, although it must be noted that 

patients may be affected by bacteria without an elevated WBC 

count. Furthermore, measuring the opening pressure at the 

lumbar puncture time, which will be increased in bacterial 

meningitis cases, helps in the diagnosis [3]. 

Another marker useful to differentiate between bacterial and 

viral meningitis is the CSF lactate level before the antibiotic 

treatment with a sensitivity of 0·93 (95% CI 0·89–0·96) and 

specificity of 0·96 (0·93–0·98) [23]. Coupled with the CSF 

gram stain and culture to identify the causative pathogen and 

assess the antimicrobial susceptibility. With all these useful 

markers in the CSF, no studies have recorded any associated 

features with an increase of herniation risk after lumbar 

puncture [3]. The classical features of CSF are summarized in 

Table.2 with correlation to causative organisms. 

Also, the most commonly method used is the PCR, which is 

able to detect organisms in bloodstream or CSF for several 

days after antibiotics have been given [24]. The PCR has high 

sensitivity (87–100%) and specificity (98–100%) [25].  

Another diagnostic method to consider is the loop-mediated 

isothermal amplification, a DNA amplification, and detection 

method. It is quick – results in less than 2 hours – with 

positive results which can be detected by the naked eye. This 

technique has evident sensitivity and detection for N 

meningitidis, S pneumoniae, H influenzae, and 

Mycobacterium tuberculosis [26]. In the UK, this method 

assessed bedside test with a 100% positive value and 97% 

negative proactive value [27]. Thus, the speed and ease of this 

tool make it a very attractive tool, especially in poor resource 

settings [3]. 

The management of bacterialmeningitis involves fast and 

appropriate diagnosis, antimicrobial therapy, adjunctive 

therapy, and chemoprophylaxis for contacts [4]. Despite the 

appropriate antibiotic selection, mortality is high and so 

consideration has focused on adjunctive therapies [3].  

One of the adjunctive treatment agents is dexamethasone. 

DEXA is classified as glucocorticoid agonist. It is mostly 

indicated as an anti-inflammatory medication used specifically 

to decrease cerebral edema. The mechanism of action as 

follows: it crosses the cell membranes and binds with 

cytoplasmic glucocorticoid receptors. This complex binds to 

DNA resulting in a modification of transcription, thus 

inhibiting leukocyte infiltration at the site of inflammation, 

interfering with the function of mediators of inflammatory 

response, suppressing of humoral immune responses, and 

reducing edema or scar tissue [7]. The glucocorticoids 

mechanism of action is illustrated in Figure.1. 

 
Table 2: Classic features of cerebrospinal fluid for the different causes of meningitis 

 

 
Source: McGill F. et al., 2017 [3]. 
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Source: R. E. Pounder. et al., 2015 [35] 

 

Fig 1: Glucocorticoid mechanism of action 

 

2.6 Beneficial versus side effect of DEXA in bacterial 

meningitis 

Adjunctive corticosteroid therapy for acute bacterial 

meningitis is one of the most widely discussed controversial 

issues in recent times [28]. Multiple studies have revealed the 

impact of adjunctive dexamethasone therapy on acute 

bacterial meningitis. Beginning with the suspected cases, the 

European guidelines state that DEXA administration should 

be together with or soon after the first antibiotic dosage [6]. 

Similarly, a review carried outby (Ogunlesi TA et.al.2015) 

reported that adjunctive corticosteroid administration reduced 

the risk of death among neonates with bacterial meningitis [8]. 

On the other hand, a retrospective study directed at four 

teaching hospitals across Ethiopia showed that nearly all 

patients treated for suspected bacterial meningitis did not 

receive an accurate diagnosis. Therefore, adjuvant 

dexamethasone used in clinically unproven cases of bacterial 

meningitis was correlated with an increased mortality and 

poor Glasgow outcome scale scores at discharge. These 

findings demonstrate that there are potential deleterious 

effects in unverified cases [1]. Another review by (Brouwer 

MC et al., 2015) [22] found that corticosteroid dexamethasone 

did not significantly decrease the death rate [9]. (Table.3) 

A different aspect to compare is the adverse events of DEXA. 

Dexamethasone raises the recurrent fever rate (28% versus 

22%) but is not associated with other side effects according to 

a 2015 Cochrane review carried out by (Brouwer MC et al., 

2015) [9]. Moreover, comparing adjuvant dexamethasone or 

glycerol with a placebo in children aged from 2 months to 16 

years through a prospective randomized double-blind trial in 

Latin America noted hematochezia, recurrent fever and 

hyperglycemia [10]. Conversely, no side effects are recorded 

according to the European guidelines [6]. 

Another aspect to be considered is the effect of DEXA on 

neurological damage, especially hearing loss. The European 

guidelines mentioned that DEXA decreases severe hearing 

loss and neurological damage associated with bacterial 

meningitis in high-income countries [10]. These findings were 

also supported by a prospective randomized double-blind trial 

in Latin America [11]. The same results appeared in the review 

carried out by (Brouwer MC et al. 2015) [22], which also stated 

that DEXA reduced the hearing loss of any degree and short-

term neurological sequelae, but there were no beneficial 

effects found among low-income countries. In addition, in 

children with meningitis due to H. influenzae, it decreased the 

rate of hearing loss by (4% versus 12%). No effect was 

evident due to any other type of bacteria [9].  

To specify the mechanism of DEXA as anti-inflammatory 

medication in bacterial meningitis, a study was carried out by 

(Ichiyama T et.al) in which 14 CSF samples obtained from 

bacterial meningitis affected children at Yamaguchi 

University Hospital. Then, the 14 patients were divided into 

two groups. One received DEXA adjunctive therapy and the 

other did not. The results revealed that among the patients 

with dexamethasone, the ratio of CSF2/CSF1 sTNFR1 was 

significantly lower than that without dexamethasone (p = 

0.0063). In addition, DEXA reduced the increase of CSF 

tumor necrosis factor receptor 1 levels. However, the ratio of 

CSF2/CSF1 IL-6 showed no significant differences [29].  

An experimental study analyzed dexamethasone effectiveness 

on gram- negative bacteria-derived lipopolysaccharide (LPS) 

which induced inflammation in astroglial/microglial co-

cultures. This study provided a possible explanation for the 

benefits of DEXA in the treatment of acute bacterial 

meningitis in vivo by revealing the ability of DEXA to 

decrease microglial activation and to reconstitute astrocytic 

properties in vitro [30]. 

A retrospective analysis of consecutive adult (>18 years of 

age) patients treated for acute community-acquired bacterial 

meningitis from 1 Jan.1990 to 31 Dec. 2009 at the teaching 
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tertiary care Zagreb Hospital for Infectious Diseases, Croatia, 

was carried out using the Glasgow Outcome Scale (GOS) as a 

measurement of disease outcome. From 20-year experience, it 

was concluded that benefits of adjunctive dexamethasone in 

adult bacterial meningitis are not evident. Both socioeconomic 

and methodological factors do not explain the discrepancy. 

Also, empirical use of DEXA appears controversial [12]. 

A systematic review of randomized controlled trials 

comparing DEXA with a placebo in the management of 

pediatric patients with bacterial meningitis appeared that 

neither mortality (p = 0.86), nor the incidence of neurological 

(p = 0.41), and auditory (p = 0.48) sequelae recorded 

differences between the groups. As a conclusion, there are no 

benefits in combining corticosteroids with the antibiotic of 

bacterial meningitis pediatric patients [31]. 

Similarly, a 2016 systematic meta-analysis evaluated the 

therapeutic and side effect of adjunctive dexamethasone 

therapy in bacterial meningitis patients. It collected 

randomized, double-blind, placebo-controlled trials published 

between 2000 and 2016 of DEXA in the management of 

bacterial meningitis, resulting in 10 articles covering 2,459 

bacterial meningitis patients. The data analysis confirmed 

neither significant reduction in mortality (OR =0.9, P=0.14) 

nor severe neurological sequelae (OR =0.84, P=0.42). On the 

other hand, DEXA seemed to decrease hearing loss among 

survivors (OR =0.76, P=0.03). For the adverse events, no 

significant difference was found between these two groups. 
According to the previous results, there are still doubts about 

adjunctive DEXA benefits in the treatment of bacterial 

meningitis [32]. 

Two studies considered the influence of dexamethasone on the 

antibiotic penetration into cerebrospinal fluid which is the 

main treatment of bacterial meningitis. First, a double-blind 

randomized study focused on determining whether the 

adjunctive corticosteroid therapy affects CSF concentration of 

ceftriaxone in adult patients with acute bacterial meningitis. It 

concluded that the concentration of ceftriaxone in CSF was 

adequate and ceftriaxone penetration into CSF was not 

significantly affected by adjunctive dexamethasone [33]. This is 

supported by an experimental Pneumococcal Meningitis study 

which compared theinfluence of DEXA on ceftriaxone and 

vancomycin. The result illustrated that no statistically 

significant differences were recorded between the group 

treated with DEXA and that without DEXA in the ceftriaxone-

treated groups. Additionally, in the vancomycin-treated 

groups, statistically significant lower CSF vancomycin levels 

at 2 h were found in the DEXA-treated rabbits, and 

differences in bacterial killing [34]. 

 

3. Conclusion 

Although, many studies have supported the beneficial effect of 

adjuvant dexamethasone in preventing cerebral edema and/or 

hearing loss in acute bacterial meningitis, it has been reported 

that dexamethasone has major side effects such as recurrent 

fever, hyperglycemia and hematochezia, and there was no 

significant evident effect in decreasing mortality rates. In 

addition, it has a marked effect on limiting the penetration of 

antibiotics into the CSF. All these results support the stance 

against using dexamethasone in acute bacterial meningitis. 

Moreover, further research studies are needed to study the 

efficacy of DEXA versus other adjuvant medications in 

decreasing morbidity and mortality rates in acute bacterial 

meningitis in KSA.  
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