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Abstract

Meningitis is an important cause of morbidity and mortality in children and adults. Its treat-

ment strategy varies with age and gender. To assess potential drug-related problems

(PDRP) and clinical outcomes in bacterial meningitis patients, a multicenter, clinical,

descriptive, cross-sectional prospective observational study in 120 patients admitted to dif-

ferent tertiary care hospitals in Karachi was conducted. It includes both males 48% and

females 52% belonging from all age groups i.e. peadiatrics (01 to 12 years), adults (18 to 65

years), and geriatrics (66 to 75 years). Out of these 72 patients were admitted in the public

sector and 48 patients were admitted in private sector hospitals. Nosocomial infections were

developed in 41% of patients during their stay at the hospital. Potentially nephrotoxic drugs

were administered to all BM patients, these drugs should be administered carefully. Majorly

Ceftriaxone was administered to 86% of patients, Vancomycin 71%, and meropenem 73%

whereas 68% of patients were administered piperacillin-tazobactam. Organisms involved

as causative agents in the majority of patients are Neisseria meningitides, Pseudomonas

aeruginosa and, Streptococcus pneumoniae. DRPs impacted patient clinical outcomes in

presence of many other factors like comorbidities, DDIs, Nis, administration of potentially

nephrotoxic drugs, and administration of watch group and reserve group antibiotics without

having culture sensitivity test, even after having CST no principles of de-escalation for anti-

biotics were done, which is a very important factor for hospitalized patients having IV antibi-

otics. The mortality rate among BM patients was 66%. The majority of patients (87%) stay at

the hospital was 1–10 days. The present study helped in the identification of DRPs along

with some other factors affecting the clinical outcomes in patients suffering from bacterial

meningitis. Healthcare professionals should receive awareness and education on the impor-

tance of CST before initiating antibiotic therapy. Pharmacist-led medication review is
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necessary and should be followed to avoid negative outcomes and serious consequences

related to DRPs.

Introduction

Meningitis is a serious infection of the meninges, and the membranes surrounding the brain

and spinal cord. It is a dangerous disease and remains a major public health challenge. This

can be caused by many different pathogens including bacteria, fungi, or viruses, but the highest

global burden is seen with bacterial meningitis [1]. Bacterial and viral meningitis can be deadly

in all age groups [2]. Bacterial meningitis (BM) requires immediate hospitalization [3]. Early

diagnosis and treatment will prevent brain damage and death. Treatment is determined by the

cause of meningitis. According to WHO, seven different types of bacteria cause bacterial men-

ingitis [4]. Many pathogens are involved in causing bacterial meningitis but mostly it is caused

by Streptococcus pneumoniae [5]. BM is treated with intravenous antibiotics [6]. Ceftriaxone,

rifampicin and ciprofloxacin are the most effective antibiotics against Neisseria meningitides
[7]. Initial Management Steps are taken when a patient presents with suspected acute bacterial

meningitis, the physician should begin antimicrobial therapy as soon as possible whereas

administration of specific antibiotic for BM depends on the bacteria involved [8]. BM is a neu-

rologic emergency; progression to more severe disease reduces the patient’s likelihood of a full

recovery, complications that are typically associated with meningitis are Seizures, hearing loss,

vision loss, memory problems, migraine headaches, and brain damage [9]. Due to neurological

diseases (NDs) healthcare system of developing countries faces high rate of mortality as com-

pared to developed countries [10,11]. Care and treatment of NDs in developing countries var-

ies depending upon the resources/facilities and needs of the country and the availability of

health care personnel. Developing countries like Pakistan faces a major shortage of trained

nurses, paramedical staff, and rehabilitation services related to NDs care, there are only a

handful of neurologists serving large populations hence this puts a huge burden of work on the

neurologists and all of this has an impact on mortality and morbidity rate of NDs patients

[12]. There are many types of NDs which include stroke, meningitis, epilepsy, Alzheimer’s,

cerebral palsy, migraine, and many more, many of these diseases are treated without any

proper effective therapies [13]. Blood culture and lumbar puncture should be performed

immediately to confirm the diagnosis. Computed tomographic (CT) scan, Cerebral spinal

fluid (CSF) and Magnetic resonance imaging (MRI) can be advised by a neurologist for further

confirmation of the disease [14]. The prevalence and burden of BM in Pakistan is moderate to

high depending upon the rural, and urban areas and living standards of people [15]. [16] and

in South Asia, the burden and incidence of BM are also high [17]. NDs are an important cause

of mortality worldwide. Globally, the burden of NDs has increased over the past three decades

because of the increasing population, policy makers and healthcare providers should be aware

of these trends to provide adequate services [18].

Drug-related problems (DRPs) are defined as an event involving drug therapy that poten-

tially interferes with the desired health outcomes, common problems faced by patients due to

DRPs are inappropriate prescribing, drug–drug interactions (DDIs), non-adherence, and

adverse drug reactions [19]. DRPs are more prevalent in hospital settings and they impacted

the patient quality of life, it is now necessary that drugs to be used rationally [20]. Pharmaco-

therapy monitoring should be done under the supervision of a pharmacist to avoid negative

outcomes caused by DRPs [21]. DRPs should be resolved appropriately to avoid serious
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consequences and pharmacist-led interventions will make sure safe and effective pharmaco-

therapy [22]. In BM patients mostly antibiotics are administered in combination with various

other drugs, so monitoring of DRPs should be done properly by clinical pharmacists [23].

This current study primarily aimed at the assessment of drugs administered to hospitalized

BM patients in terms of safety and efficacy. Potential drug related problems (PDRP) along

with the factors affecting the mortality rate and clinical outcomes among BM patients were

also assessed using some points from Pharmaceutical Care Network Europe (PCNE) Classifi-

cation Version 9.1, a tool or classification scheme used for assessment of DRPs [24].

Methods

Study design and sample

This study was a multicenter, clinical, cross-sectional prospective observational study includ-

ing 120 BM patients admitted in one public and two private tertiary care hospitals. The study

sample included BM patients admitted either in the Neurology ward, medical ward, medical

or surgical ICU, and isolation ward of public and private tertiary care hospitals in Karachi,

Pakistan. The study sample included all the patient’s fulfilling inclusion and exclusion criteria.

The study was conducted from September 2021 to August 2022.

Ethical approval

The current study protocol was approved by the Advanced studies and research board (ASRB)

of the University of Karachi, Karachi, Pakistan (Letter, ASRB/No./06314/Pharm.) and the Eth-

ical Review Committee (ERC) of Sohail University, Karachi, Pakistan (Letter, Protocol I

#:000160/22). Patient data was then collected from affiliated teaching hospitals of the Univer-

sity of Karachi, Karachi, Pakistan, and Sohail University, Karachi, Pakistan.

Patient data collection and clinical evaluation

Patient data were collected from patients’ daily data files after taking their consent using a

developed/adapted checklist. Patient’s age, gender, clinical outcome, major disease, hospital

stay, and hospital sector were recorded. Other data information included nosocomial infec-

tions, culture sensitivity tests, drug therapy (antibiotics, antivirals, antipyretics, antifungals,

antiepileptics, antihypertensives, antidiabetics, PPIs, NSAIDs, etc), lab diagnostics and drug-

related problems were noted using an adapted checklist. The renal function was assessed using

the Cockroft-Gault equation. Drug-drug interactions were checked using Stockley’s drug

interaction [25,26]. Clinical outcomes were determined as death or discharge of the patient on

the last day of the patient stay at the hospital. Rational antibiotic therapy was determined using

the results of a Blood culture sensitivity test (CST) and the American Society of Infectious Dis-

eases (IDSA) guidelines. Antibiotics and other drug therapy initiated in BM patients were also

studied and analyzed using the National Essential Medicine List (NEML) of Pakistan [27].

Inclusion and exclusion criteria

Patients admitted in the neurology ward, medical ward, surgical or medical ICU, and isolation

ward suffering from BM. Special Personnel protective equipment (PPE) was used for the

assessment of BM patients data admitted in isolation wards [28,29] Patients from both genders

were included and classified as paediatrics (01 to 12 years), adults (18 to 65 years), and geriat-

rics (66 to 75 years), and patients having a total length of hospital stay less than 01 months

were included.
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Patients less than one year of age, patients greater than 75 years of age, patients having

length of hospital stay greater than 30 days, and patients having length of hospital stay less

than 2 days were excluded.

Study tool (evidence-based clinical checklist)

An evidence-based clinical checklist was developed after an extensive literature review and

adapting some points from PCNE classification and it was employed as a study tool (see S1

File). This tool was used to evaluate patients and to determine potential drug-related problems

(PDRP), and their causes (including possible causes for potential problems) [24,30]. Individual

patient clinical evaluation was carried out using the developed checklist along with clinical

outcomes in terms of efficacy and safety of the drug therapy. Data that was used included the

patient’s age, gender, clinical outcome, major disease, hospital stay, and hospital sector. Other

data information included nosocomial infections like sepsis, fever, CAP, VAP etc, culture sen-

sitivity test, drug therapy (antibiotics, antivirals, antipyretics, antifungals, antiepileptics, anti-

hypertensives, antidiabetics, PPIs, NSAIDs, etc), lab diagnostics like Complete blood count

(CBC), CST, Serum creatinine, Lipid profile, and electrolytes, etc.

Statistical analysis

All the data collected through the clinical checklist was transcribed on a spreadsheet in SPSS

(Statistical Package for the Social Sciences), Version 25 after carefully defining all the variables

under study. The analysis was performed in two steps including a descriptive analysis in which

the patient clinical situation and various variables were studied for their respective frequencies,

percentages, and measure of central tendencies. Later, in the second step, inferential statistics

were employed to determine the associations among patient outcomes and therapy-related

variables, clinical outcomes, and mortality rate using Pearson’s chi-squared test. P-value <0.05

was considered statistically significant.

Results

In this study total of 120 patients suffering from BM including both males 48% and females

52% were assessed. Sixty patients were from the peadiatrics age group (01 to 12 years), 41

patients were from the adults age group (18 to 65 years) and 19 patients were from the geriat-

rics age group (66 to 75 years) as presented in Fig 1. A high mortality rate of 66% was seen in

this study. Multiple drug therapy was prescribed and administered to hospitalized patients, the

classification of drugs is mentioned in Fig 2. The majority of patients (87%) stay at the hospital

was 1–10 days. Data were collected randomly from both public (60%) and private (40%) sector

hospitals as illustrated in Fig 3. Antibiotics were also classified according to the national essen-

tial medicine list (NEML) into three groups i.e. access group antibiotics, watch group antibiot-

ics, and reserve group antibiotics. Antibiotics administered to BM patients according to

NEML and their association with clinical outcomes of BM patients is provided in Table 2. Var-

ious microorganisms were seen as causative agents of BM. Neisseria meningitides, Pseudomo-
nas aeruginosa and, Streptococcus pneumonia were found in majority of BM patients as

demonstrated in Fig 4. In Fig 5, the frequency of DDIs is provided. All BM patients were

administered potentially nephrotoxic drugs, status of potentially nephrotoxic drugs adminis-

tered to compromised BM patients and their statistical associations are present in Table 1.

Antibiotics administered to BM patients according to NEML and their statistical association

with clinical outcomes of BM patients is described in Table 2.

Statistical Association between DDIs and Clinical outcomes of BM patients are shown in

Table 3. DDIs are classified as major, minor and serious DDIs. The Association among DDIs,
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Nis, and Comorbidities among BM patients is provided in Table 4. Nosocomial infections

faced by BM patients while their stay at the hospital was fever, sepsis, Ventilator-associated

pneumonia (VAP), Community acquired pneumonia (CAP), Urinary tract infections, and

skin infections. The majority of the BM patients were already suffering from hypertension and

diabetes. The statistical association between various clinical scenarios faced by BM patients

and their clinical outcomes is shown in Table 5. A culture sensitivity test was only done in 32%

of BM patients. Statistical association among DRPs and clinical outcomes of BM patients is

mentioned in Table 6. Table 6 is based on points taken from PCNE classification V 9.1. In

Table 7, the same PCNE classification is used and the association between DRPs and Nosoco-

mial Infections faced by BM patients is discussed. As mortality was seen in BM patients so the

percentage Mortality rate of BM patients in different clinical Scenarios/Conditions is shown in

Table 8.

Fig 2. Classification of drugs prescribed/administered to hospitalized BM patients.

https://doi.org/10.1371/journal.pone.0285171.g002

Fig 1. Gender and age groups of patients suffering from BM.

https://doi.org/10.1371/journal.pone.0285171.g001
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Discussions

In the current study, multiple drug therapy was prescribed and administered to hospitalized

BM patients as mentioned in Fig 2, we have also observed this trend in previous studies as well

[31]. Antibiotics were also classified according to National essential medicine list (NEML), so

that the safety and efficacy of antibiotics can be checked or correlated with the clinical out-

comes of patients. Antibiotics administered to BM patients according to NEML especially

watch group and access group caused mortality rate due to various factors and their associa-

tion with clinical outcomes of BM patients is mentioned statistically in Table 2. In this current

Fig 3. Graph showing Hospital sector and Hospital stay days of BM patients.

https://doi.org/10.1371/journal.pone.0285171.g003

Fig 4. Frequency of Microorganisms causing bacterial meningitis.

https://doi.org/10.1371/journal.pone.0285171.g004
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study, 25.8% of patients were prescribed antibiotics according to guidelines [32,33]. No princi-

ples of de-escalation for antibiotics were done after the culture sensitivity test (CST), which is

very important for hospitalized patients having IV antibiotics [34]. Certain other studies also

focused on the rational use of antibiotics according to guidelines and also discussed the clinical

outcomes of patients having IV antibiotics and now there is a need for an antibiotic steward-

ship programs for betterment of hospitalized patients [35].

Fig 5. Frequency of Drug-drug interactions occurred due to multiple drug therapy in BM patients.

https://doi.org/10.1371/journal.pone.0285171.g005

Table 1. Status of potentially nephrotoxic drugs administered to renally compromised BM patients.

Drugs Status of Renally compromised bacterial

meningitis patients (n = 49.2% patients)

P-value

Yes No

Piperacillin-Tazobactum 43 38 0.216

Vancomycin 41 44 0.750

Ceftriaxone 51 52 0.851

Amikacin 18 11 0.110

Omeprazole 44 51 0.223

Levetiracetum 46 40 0.132

Dexamethasone 49 58 0.034

Acyclovir 19 17 0.604

Ciprofloxcin 29 24 0.279

Paracetamol 38 42 0.606

Diclofenac Sodium 13 19 0.259

Gentamicin 06 10 0.316

Cefixime 09 10 0.864

Levofloxacin 08 10 0.664

Moxifloxacin 03 05 0.094

Ibuprofen 08 16 0.083

Cefoperazone-Sulbactum 09 05 0.550

Co-Amoxiclav 11 01 0.000

Azithromycin 17 14 0.463

https://doi.org/10.1371/journal.pone.0285171.t001
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During this study period, 41% of the patients developed Nis during their stay at the hospital.

Among the patients having Nis, 27% of patients were administered antibiotics according to

IDSA guidelines. A high mortality rate (78%) was found in patients having Nis. The mortality

rate in this study among nosocomial infections patients was 78% not so high as compared to

previous studies [35,36]. Mortality in BM patients having comorbidities (hypertension and

diabetes) was also high in this current study (78.3%), hypertension is in fact a triggering factor

for various complications like stroke [37]. Hypertension and diabetes are the risk factors for

patients suffering from bacterial meningitis and stroke [38]. The study was carried out in med-

ical and neurology wards also including medical and surgical ICUs, where patients are

Table 2. Antibiotics administered to BM patients according to NEML and their association with clinical outcomes of BM patients.

Antibiotics administered according to NEML Clinical Outcomes P-value

Death/Expired Discharged

Access group Antibiotics administration 72 31 0.021

Watch group Antibiotics administration 79 39 0.048

Reserve group Antibiotic administration 65 28 0.082

Table 3. Association between Drug-drug Interactions and Clinical outcomes of BM patients.

Drug-Drug Interactions Clinical Outcomes of Patients Total (n) P-Value

Death/Expired Discharged

0.081Major Drug-drug interaction 62 26 88

Minor Drug-drug interaction 13 14 27

Serious/Contraindications 04 01 05

p-value 0.005

https://doi.org/10.1371/journal.pone.0285171.t003

Table 4. Association between DDI, NI and Comorbidities among BM patients.

Clinical Variable Drug-Drug Interactions Frequency P-Value

Nosocomial Infections Major Drug-drug interaction 32

0.012

Minor Drug-drug interaction 06

Serious/Contraindications 05

Comorbidities

(Hypertension & Diabetes)

Major Drug-drug interaction 67

0.000Minor Drug-drug interaction 04

Serious/Contraindications 03

https://doi.org/10.1371/journal.pone.0285171.t004

Table 5. Association between various clinical scenarios faced by BM patients and their clinical outcomes.

Clinical Variable/Scenario Clinical Outcomes of Patients Total (n) P-value

Death/Expired Discharged

Nosocomial Infections 38 11 49 0.025

Major Drug-drug interaction 62 26 88 0.081

Comorbidities 58 16 74 0.000

No Culture Sensitivity Test 55 27 82 0.674

SARS-COV 2 virus 10 04 14 0.639

https://doi.org/10.1371/journal.pone.0285171.t005
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admitted due to multiple critical reasons [39]. The important factor while initiating a drug

therapy is that the route of excretion or elimination and metabolism of the drug and the renal

profile of the patients should be considered [40] Potentially nephrotoxic drugs were adminis-

tered to BM patients who were renally compromised, these drugs needed to be avoided or

Table 6. Association between DRPs and clinical outcomes of BM patients.

Primary Domain Cause Frequency of

DRPs

Clinical Outcomes P-value

Death/

Expired

Discharge

Drug Selection Inappropriate drug according to guidelines/formulary 30 20 10

0.776

Inappropriate combination of drugs, or drugs and herbal medications, or drugs and

dietary supplements

39 24 15

Appropriate drug according to guidelines/formulary 51 35 16

Dose Selection Dosage regimen not frequent enough 37 22 07

0.463Dosage regimen too frequent 62 44 18

Dose timing instructions wrong, unclear or missing 21 13 08

Treatment

Duration

Duration of treatment too short 44 31 13

0.656Duration of treatment too long 17 10 07

Proper Duration of treatment 59 38 21

Dispensing Prescribed drug not available 36 31 05

0.000Necessary information not provided or incorrect advice provided 54 37 17

Drug use process Inappropriate timing of administration or dosing intervals 37 27 10

0.321Wrong drug administered 27 19 08

Appropriate timing of administration or dosing intervals 56 33 23

PCNE Classification V 9.124, 63.

https://doi.org/10.1371/journal.pone.0285171.t006

Table 7. Association between DRPs and Nosocomial Infections faced by BM patients.

Primary Domain Cause Frequency of DRPs Nosocomial

Infections

P-value

Yes No

Drug Selection Inappropriate drug according to guidelines/formulary 30 14 16

0.085

Inappropriate combination of drugs, or drugs and herbal medications,

or drugs and dietary supplements

39 20 19

Appropriate drug according to guidelines/formulary 51 15 36

Dose Selection Dosage regimen not frequent enough 37 09 28

0.031Dosage regimen too frequent 62 28 34

Dose timing instructions wrong, unclear or missing 21 12 09

Treatment Duration Duration of treatment too short 44 14 30

0.020Duration of treatment too long 17 12 03

Proper Duration of treatment 59 23 36

Dispensing Prescribed drug not available 36 17 19

0.079Necessary information not provided or incorrect advice provided 54 25 29

Drug use process Inappropriate timing of administration or dosing intervals 37 16 21

0.119Wrong drug administered 27 15 12

Appropriate timing of administration or dosing intervals 56 18 38

PCNE Classification, V 9.124, 63.

https://doi.org/10.1371/journal.pone.0285171.t007
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administered carefully among renally compromised patients as mentioned previously in

Table 1. Since a majority of the drugs are excreted through kidneys, assessing the kidney func-

tion is a key factor in ensuring the administration of safe and effective therapy [41].

In the current study, we determined that 49.2% of the patients were renally compromised,

and they needed careful administration of renally excreted drugs or narrow therapeutic index

drugs as due to presence of comorbidities, extreme age above 60 years and Nis chances of

drug-induced nephrotoxicity is increased [42–44]. Renally compromised patients were deter-

mined using the values of serum creatinine (cockroft-Gault equation). Administration of ste-

roids without dose adjustment is dangerous as far as renally compromised patients are

concerned, yes steroids are given to BM patients but they are potentially nephrotoxic so they

might cause drug-induced nephrotoxicity and may lead to mortality [45,46].

Majorly Ceftriaxone was administered to 86% of patients, vancomycin 71%, meropenem

73% whereas 68% of patients were administered piperacillin-tazobactum whereas other antibi-

otics administered included ciprofloxacin 44.2%, metronidazole 41%, levofloxacin and cefix-

ime 15% & 16%, gentamicin 13.3%, cefoperazone-sulbactum 12% and azithromycin 26%. The

number of various plans while prescribing and administering antibiotics were studied includ-

ing CST performed in 38 patients, therapy changed after CST in 38 patients, and antibiotics

administration according to guidelines initiated in 31 patients [47]. Antibiotics were evaluated

according to WHO NEML as Access, Watch, and reserve group antibiotics [48,49]. Drug regu-

latory of Pakistan (DRAP) has also adopted that list [50]. Administration of watch group and

reserve group antibiotics impacted the clinical outcomes of patients as many of these antibiot-

ics are potentially nephrotoxic and should be used upon CST report [51]. Inappropriate com-

bination of drugs, or drugs and herbal medications, or drugs and dietary supplements (33%)

were seen, drugs included antibiotics, PPIs, antipyretics, antiepileptics, antihypertensives, stat-

ins, NSAIDs, antidiabetics, antivirals, H2 inhibitors, and antifungals, previous studies only

mentioned antipyretics, steroids and antibiotics involved in DRPs [52].

Bacterial meningitis is caused by various organisms, according to our data majority of BM

was caused by Neisseria meningitides in 59 patients, Pseudomonas aeruginosa in 25 patients, S.

pneumonia in 27 patients, Listeria Monocytogenes 02 patients, Haemophilus influenzae in 07

patients. Previous studies also demonstrated that various causative agents were involved in

causing bacterial, viral, and fungal meningitis [53,54]. A high mortality rate was seen in the

case of Neisseria meningitides 75%, Pseudomonas Aeroginosa 72%, and in the case of S. pneumo-
nia 52%. Mortality due to major drug-drug interactions was found high in our data i.e. 69% as

compared to previous studies [55,56]. Many other DDIs were seen in patients due to polyphar-

macy [57]. In our study as we have mentioned that multiple drug therapy was administered to

patients so it was observed that one of the serious interactions including fatal particulate pre-

cipitation occurred in the lungs due to the co-administration of ceftriaxone along with calcium

Table 8. Mortality rate of BM patients in different clinical Scenarios/Conditions.

Clinical Variable Death/Mortality rate (%)

Comorbidities 78.4

Nosocomial Infections 78.0

Major drug-drug interactions 69.0

Empiric therapy not administered 71.0

No CST performed 67.1

SARS-COV-2 (COVID-19) 71.4

Renally compromised patients 73.0

Steroids Misuse 67.3

https://doi.org/10.1371/journal.pone.0285171.t008
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containing intravenous solutions. Due to comorbidities like hypertension and diabetes rate of

mortality increased (78.4%) much higher than previously reported studies [58,59]. SARS-

COV-2 (COVID-19) was diagnosed in 14 BM patients and caused maximum mortality i.e.

71.42% [60]. Various Nis were found in BM patients e.g. sepsis was found in 20.4% of BM

patients, community acquired pneumonia (CAP) was found in 51.02% of patients, Ventilator-

associated pneumonia (VAP) was present in 29% of patients and fever caused mortality and

one of the factors influencing changes in drug therapy, fever was noted in 89% BM patients

and were administered antipyretics drugs [61]. Culture sensitivity test (CST) is necessary while

administering and prescribing antibiotics. Not having CST caused high mortality rate in BM

patients [62]. In Table 8, we have shown the various factors affecting mortality and morbidity

in BM patients admitted to tertiary care hospitals.

Drug related problems were studied using PCNE classification V. 9.1 and their associations

were analyzed statistically against clinical outcomes and Nis, association between dose selec-

tion, dispensing and treatment duration with Nis and clinical outcomes were statistically sig-

nificant as mentioned in Tables 6 & 7. This current study is the first study to the best of our

knowledge to use this PCNE classification for the assessment of DRPs in hospitalized BM

patients. DRPs caused many problems in hospitalized BM patients, they not only caused DDIs

but also effected the patient’s morbidity and mortality rate [63]. DRPs have an impact on

patient quality of life and mortality rate in our study DRPs impacted patient clinical outcomes

in presence of various other factors like comorbidities, DDIs, Nis, administration of potentially

nephrotoxic drugs, and administration of watch group and reserve group antibiotics without

having CST. Now our point of focus is that specialized clinical pharmacists and other health-

care professionals having experience in infectious disease management are needed to supervise

the therapeutic interventions in such scenarios as their role is of utmost importance [64].

Conclusion

This study was helpful in identifying DRPs along with various factors affecting the clinical out-

comes in terms of morbidity and mortality in the patients suffering from BM. After the deter-

mination of DRPs and other related factors, it was observed that this study will help healthcare

professionals to determine the extent to which proper clinical guidelines should be followed

and required monitoring should be done. This study will also help practitioners and policy-

makers to make new decisions based on the results. Pharmacist-led medication review by

intervening with the doctor at the patient bed site is necessary and should be followed to avoid

negative outcomes and serious consequences related to DRPs along with antibiotic bombard-

ment and steroid misuse as they have an impact on patient quality of life, prolonged hospital

stay, expensive treatment and mortality rate in the developing countries. Meanwhile, aware-

ness and education should be given to healthcare professionals regarding the importance of

CST before the initiation of antibiotic therapy in hospitalized BM patients.
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18. Karikari TK, Charway-Felli A, Höglund K, Blennow K, Zetterberg HJFIN. Commentary: global, regional,

and national burden of neurological disorders during 1990–2015: a systematic analysis for the Global

PLOS ONE Drug-related problems (PDRP) and clinical outcomes in bacterial meningitis patients

PLOS ONE | https://doi.org/10.1371/journal.pone.0285171 October 9, 2023 12 / 14

http://www.ncbi.nlm.nih.gov/pubmed/27539773
https://doi.org/10.1371/journal.pone.0198772
https://doi.org/10.1371/journal.pone.0198772
http://www.ncbi.nlm.nih.gov/pubmed/29889859
https://doi.org/10.1016/j.rmed.2007.06.030
http://www.ncbi.nlm.nih.gov/pubmed/17706408
https://doi.org/10.1212/CON.0000000000000660
https://doi.org/10.1212/CON.0000000000000660
http://www.ncbi.nlm.nih.gov/pubmed/30273239
https://doi.org/10.1016/S1473-3099%2809%2970306-8
https://doi.org/10.1016/S1473-3099%2809%2970306-8
http://www.ncbi.nlm.nih.gov/pubmed/20129147
https://doi.org/10.1016/B978-0-7020-4088-7.00114-0
https://doi.org/10.1016/B978-0-7020-4088-7.00114-0
http://www.ncbi.nlm.nih.gov/pubmed/24365446
https://doi.org/10.1371/journal.pone.0285171


Burden of Disease Study 2015. 2018; 9:201. https://doi.org/10.3389/fneur.2018.00201 PMID:

29651272

19. Eichenberger PM, Lampert ML, Kahmann IV, Van Mil J, Hersberger KEJPW, science. Classification of

drug-related problems with new prescriptions using a modified PCNE classification system. 2010; 32

(3):362–72.
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