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INTRODUCTION 

Post meningitis hearing impairment is an important 

public health problem. Neonatal meningitis is an 

important cause of mortality and morbidity in neonates 

in future life. An important consequence is hearing 

loss.
[1]

 

   

Hearing plays a basic and important role in language, 

speech and intellectual development.
[2]

 A hearing 

impaired child develops psychological, social, 

educational and even cognitive problems.
3
 as auditory 

deficit has major consequences on language and 

communication skills development.
[4]

 This can happen 

even if the child is having partial hearing impairment and 

is not totally deaf.
[5] 

 

Early detection and intervention would help to maximize 

linguistic competence and literacy development for 

children who are deaf or hard of hearing. The American 

Joint Committee on Infant Hearing recommended that 

audiological rehabilitation should begin within the first 6 

months of life.
[6] 

   

The study of brainstem evoked response audiometry 

provides an opportunity to evaluate the functional 

integrity of auditory pathway from inner ear to upper 

brainstem.   

 

Bacterial meningitis can cause deafness due to peripheral 

or central hearing loss. Bacterial meningitis causes 

lesions via immune, inflammatory, and ischaemic 

reactions, or by cerebral oedema. 

  

Ossification of the organ of Corti is the most serious 

complication after bacterial meningitis. Ossification after 

bacterial meningitis is reported in as many as 80% of 

cases.
[7]

 The ossification process obliterates endolymph 

and perilymph spaces with more marked damage of the 

basal turn of the cochlea than the apex.
[8]

  

 

Measurement of the Auditory Brainstem Response 

(ABR) is considered the most sensitive method of 

assessing the auditory activity of neonates.
[2]

  

 

Brainstem auditory evoked response (BAER) measures 

the electroencephalographic waves which are produced 
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ABSTRACT 

Background: Post meningitis hearing impairment is an important public health problem. Neonatal meningitis is 

an important cause of mortality and morbidity in neonates in future life. An important consequence is hearing 

loss.
[1]

 Hearing plays a basic and important role in language, speech and intellectual development.Bacterial 

meningitis can cause deafness due to peripheral or central hearing loss. Bacterial meningitis causes lesions via 

immune, inflammatory, and ischaemic reactions, or by cerebral oedema. Aim: To study the possible risk factors 

for hearing impairment in infants who had meningitis during neonatal period. Material and methods: It was an 

observational prospective study carried out in the Neonatology Section, Department of Pediatrics, GB Panth 

Childrens hospital Srinagar. Results: In our study total number of cases were 87.Hearing loss was observed in 11 

(12.6%) of our study children.  Patients in Group 1 had a mean of 1047.8cumm CSF cell count while as patients in 

Group 2 had mean of 658.3cumm CSF cell count.Patients in Group 1 had a mean of 31.2mg/dl glucose in CSF 

while as patients in Group 2 had mean of 44.5 mg/dl glucose in CSF. Patients in Group 1 had a mean of 

191.2mg/dl protein in CSF while as patients in Group 2 had mean of 183.4 mg/dl protein in CSF. Conclusion: 

Postmeningitic hearing impairment is an important public health problem with implications for both paediatric and 

audiology services.  It is more associated with high CSF cell count, low CSF glucose, high CSF protein, with 

seizures, late onset of treatment and longer hospital stay. 

 

KEYWORDS: meningitis, hearing impairment, cerebrospinal fluid (CSF). To study the possible risk factors for 

hearing impairment in infants who had meningitis during neonatal period.  
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in response to click sounds of three electrodes placed on 

the infant’s scalp by the auditory system.
[9]

 This has been 

recommended for newborn hearing assessment because it 

is objective, correlates well with hearing, can detect mild 

and moderate hearing losses as well as severe to 

profound losses, permits ear specific information, has 

good performance statistics (sensitivity and specificity), 

is stable over time, is unaltered by sleep / sedation as the 

response is physiological, and can be done at any age.
[10]

  

  

METHODS 
The present study was conducted in the Department of 

Pediatrics, Government Medical College Srinagar.This 

study was done in continuation of our previous study, To 

study the incidence od sensorineural hearing impairment 

in neonates post meningitis. All the patients falling under 

inclusion criteria were referred to the Department of 

ENT, SMHS Hospital Srinagar, of the institution for 

thorough ENT checkup, to exclude any ear pathology 

and BERA (Brainstem Evoked Response Audiometry).   

 

Inclusion Criteria   
• Term neonates with CSF culture proven bacterial 

meningitis.  

• Both hospital and community acquired.  

 

Exclusion Criteria   
• Preterm   

• Clinically/empirically treated meningitis   

• Any other associated factor for hearing loss   

  

Craniofacial anomalies including those that involve the 

pinna, ear canal, ear tags, ear pits, temporal bone 

anomalies   above 28 days at the time of presentation   

having atresia or stenosis of auditory tube or infected 

ears    whose parents not willing to give consent Infants 

with CSF culture proven bacterial meningitis underwent 

detailed history and thorough physical examination. The 

history included gestational age, sex, birth order, 

consanguinity, place of delivery, mode of delivery, 

perinatal history (asphyxia, meconium aspiration 

syndrome, resuscitation at birth, mechanical ventilation), 

obstetric history, family history, drug history followed by 

detailed examination and were recorded in predesigned 

proforma and treatment records in hospital (type of drug, 

dose of drug, duration of therapy) and all the baseline 

investigations were done (CBC, CRP, venous blood gas 

analysis, blood culture, USG cranium, LFT, KFT), CSF 

analysis obtained by lumbar puncture (colour, total 

WBC, Differential WBC, Total protein, Total sugar); 

CSF culture and sensitivity TORCH screening, CT head 

or MRI brain, if required. The neonates treated included 

in this study were CSF culture proven meningitis. In the 

study the antibiotics started were 3
rd

 generation 

cephalosporin in combination with an aminoglycoside. 

The drugs were changed or an additional one added, if 

required, on the basis of CSF culture and sensitivity. 

Corticosteroids were administered to none of the 

patients. The treatment duration was a minimum period 

of 21 days and in case of complicated meningitis 

duration of treatment was prolonged. The infants were 

screened at 3 months of age in ENT department for any 

hearing impairment with proforma included.  

 

As the BAER results are not affected by sedation or 

general anaesthesia for neonates who were awake, a 20 

mg/kg of triclorfos was given orally for sedation. The 

morphology of the response and wave and interwave 

latencies were examined in respect to age-appropriate 

forms.  

 

STATISTICAL ANALYSIS  
The recorded data was compiled and entered in a 

spreadsheet (Microsoft Excel) and then exported to data 

editor of SPSS Version 20.0 (SPSS Inc., Chicago, 

Illinois, USA). Continuous variables were expressed as 

Mean±SD and categorical variables were summarized as 

frequencies and percentages. Graphically the data was 

presented by bar diagrams and pie diagrams. Shapiro–

Wilk test and normal probability plot were used to test 

for normality of data. Normally distributed continuous 

variables were compared using student’s independent t-

test, and nonnormally distributed variables were 

analyzed using Mann-Whitney Utest. Chi-square test or 

Fisher’s exact test, whichever appropriate, was employed 

for comparing categorical variables. A P-value of less 

than 0.05 was considered statistically significant. All P-

values were two tailed.  

  

RESULTS AND OBSERVATION 
In our study total number of cases were 87. All these 

patients were referred to the Department of ENT, H&NS, 

SMHS hospital Srinagar of the institution for thorough 

ENT checkup, to exclude any ear pathology and BERA 

(Brainstem Evoked Response Audiometry).  

 

Table 1: Age distribution of study neonates. 

Age (Days)  Number  Percentage  

≤ 7 Days  47  54.0%  

8-28 Days  40  46.0%  

Total  87  100%  

Mean±SD (Range)=15.7±3.71 (4 hours-28 Days)  

  

Majority of our studied children i.e. 47 (54%) were < 

days of age whereas 40 (46%) children were 8-28 days 

of aged. The mean age of our study patients was 

15.7+3.71. The youngest patient in our study was 4 hours 

old while as the eldest one was 28 days old.   
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Out of 87 patients in our study, male predominance was 

observed with 55.2% males versus 44.8% females with a 

male to female ratio of 1.2:1. Hearing loss was observed 

in 11 (12.6%) of our study children. Out of 11 children 

with hearing loss, 6 (6.9%) were males and 5 (5.7%) 

were females. Bilateral hearing loss was seen in 5 of the 

11 children (5.7%) while as unilateral hearing loss was 

observed in 6 of the 11 children (6.9%).  Out of a total of 

11 (12.6%) patients who had hearing loss, 6 (6.9%) were 

having mild hearing loss, followed by 3 (3.4%) children 

with profound hearing loss while as moderate and severe 

hearing loss was observed in 1 (1.1%) patients each.   

 

Mild hearing loss (30-55dB); Moderate (55-70dB); 

Severe (70-90dB); Profound (>90dB) Out of 11 neonates 

with hearing loss, E. coli was isolated on 3 (27.3%) CSF 

cultures, followed by Kliebsiella which was also isolated 

on 3 (27.3%) CSF cultures, pseudomonas 2 (18.2%), 

Entrococcus 2 (18.2%) and Listeria monocytogenes was 

isolated in 1 (9.1%) neonate on CSF culture.  

 

 In our study, patients were divided into two groups. 

Group 1 (n=11) were neonates with meningitis with 

hearing loss and Group 2 (n=76) were neonates with 

meningitis  without hearing loss.  

 Table 2: Comparison based on CSF cell count in two groups. 

Group Number Mean SD Range P-value 

Group 1 11 1047.8 646.3 356-2375 
0.017* 

Group 2 76 658.3 474.1 53-1675 

*Statistically Significant Difference (P-value <0.05)  

  

Patients in Group 1 had a mean of 1047.8cumm CSF cell 

count while as patients in Group 2 had mean of 

658.3cumm CSF cell count. The difference between the 

two study groups when compared on CSF cell count was 

statistically significant with p value of 0.017.  

  

 Table 3: Comparison based on CSF sugar in two groups. 

Group Number Mean SD Range P-value 

Group 1 11 31.2 9.32 20-50 
<0.001* 

Group 2 76 44.5 12.34 25-65 

*Statistically Significant Difference (P-value <0.05)  

  

Patients in Group 1 had a mean of 31.2mg/dl glucose in 

CSF while as patients in Group 2 had mean of 44.5 

mg/dl glucose in CSF. The difference between the two 

study groups when compared on presence of sugar in 

CSF was statistically significant with p value of 0.001.  

 

 Table 4: Comparison based on CSF protein in two groups. 

 Group Number Mean SD Range P-value 

Group 1 11 191.2 44.95 136-271 
0.443 

Group 2 76 183.4 39.86 115-299 

   

Patients in Group 1 had a mean of 191.2mg/dl protein in 

CSF while as patients in Group 2 had mean of 183.4 

mg/dl protein in CSF. The different between the two 

study groups when compared on presence of protein in 

CSF was statistically insignificant with p value of 0.443.  

  

 Table 5: Comparison based on duration of symptoms  before treatment (hours) in two groups. 

Group Number Mean SD Range P-value 

Group 1 11 29.1 22.17 7-64 
0.001* 

Group 2 76 14.2 12.27 3-60 

*Statistically Significant Difference (P-value<0.05)   Group 1: Neonates with hearing loss; Group 2: Neonates 

without hearing loss  

  

Patients in Group 1 received treatment after a mean of 

29.1 hours while as patients in Group 2 received 

treatment after a mean of 14.2 hours. The difference 

between the two study groups when compared on 

duration of symptoms before treatment was statistically 

significant with p value of 0.001.  

  

 Table 6: Comparison based on hospital stay (Days) in two groups. 

Group Number Mean SD Range P-value 

Group 1 11 24.8 5.74 21-35 
<0.001* 

Group 2 76 21.1 1.13 21-28 

*Statistically Significant Difference (P-value <0.05)  
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Patients in Group 1 needed hospitalization for a mean 

24.8 days while as patients in Group 2 needed 

hospitalization for a mean of 21.1 days. The difference 

between the two study groups when compared on 

duration of hospital stay in days was statistically 

significant with p value of 0.001.  

 

Table 7: Comparison based on duration of amino-glycoside antibiotics received (Days) in two groups. 

 Group Number Mean SD Range P-value 

Group 1 11 23.7 7.91 21-32 
0.375 

Group 2 76 26.1 8.39 21-35 

  

Patients in Group 1 received amino-glycoside antibiotics 

for a mean period of 23.7 days while as patients in Group 

2 received aminoglycoside antibiotics for a mean period 

of 26.1 days. The difference between the two study 

groups when compared on duration of amino-glycoside 

antibiotics in days was statistically insignificant with p 

value of 0.375.  

 

 Table 8: Comparison based on seizure in two groups.  

Seizure 
Group 1 Group 2 

P-value 
    

 No. %age No. %age 

0.747 
Yes 2 18.2 11 14.5 

No 9 81.8 65 85.5 

Total 11 100 76 100 

  

Out of 11 patients in Group 1 two (18.2%) had seizures 

while as of the 76 patients in Group 2, 11 (14.5%) had 

seizures. The difference was statistically insignificant 

between the two study groups.   

   

DISCUSSION 
Hearing loss was observed in 11 (12.6%) of our study 

children which was in accordance with the Guiscafre H 

et al (1984)
[11]

 who studied 236 children with meningitis 

using brainstem auditory evoked responses and hearing 

loss was detected in 38 (16.1%) of their study patients 

and Lin MC et al (2012)
[12]

 who conducted a study on 

156 neonates in which hearing impairment was observed 

in 19 (12.2%).   

 

Out of 11 children with hearing loss, 6 (6.9%) were 

males and 5 (5.7%) were females which is consistent 

with the study of Cherian B et al (2002)
[13]

 who 

observed SNHL in 29.1% males and 25% females. 

Karanja BW et al (2013)
[14]

 in their study observed 

hearing loss more in males than in females (55% versus 

45%).   

 

Bilateral hearing loss was seen in 5 of the 11 children 

(5.7%) while as unilateral hearing loss was observed in 6 

of the 11 children (6.9%) which is consistent with the 

study done by Guiscafre H et al (1984).
[15]

 In their study 

236 children with meningitis where the incidence of 

meningitis was 16.1% with unilateral hearing loss in 

8.89% and bilateral hearing loss in 7.2%.   

 

Out of a total of 11 (12.6%) patients who had hearing 

loss, 6 (6.9%) were having mild hearing loss, followed 

by 3 (3.4%) children with profound hearing loss while as 

moderate and severe hearing loss was observed in 1 

(1.1%) patients each. Our study is consistent with the 

results obtained by Rasmussen N et al (1991)
[16]

 who 

also found mild hearing loss in 12.7%, severe in 1.1% 

and profound in 4.2%.   

 

Out of 11 neonates with hearing loss, 3 (27.3%) each had 

E. coli and Kliebsiella on CSF culture, followed by 

pseudomonas and Entrococcus in 2 (18.2%) neonates 

each while as Listeria monocytogenes was isolated in 1 

(9.1%) neonate on CSF culture consistent with Lin MC 

et al (2012)
[12]

 conducted a study on 156 neonates with 

meningitis.  

  

Patients in Group 1 had a mean of 1047.8cumm CSF cell 

count while as patients in Group 2 had mean of 

658.3cumm CSF cell count. The difference between the 

two study groups when compared on CSF cell count was 

statistically significant with p value of 0.017. Our results 

are consistent with the findings of Nadol JB., (1984).
[17]

   

 

Patients in Group 1 had a mean of 31.2mg/dl glucose in 

CSF while as patients in Group 2 had mean of 44.5 

mg/dl glucose in CSF. The difference between the two 

study groups when compared on presence of sugar in 

CSF was statistically significant with p value of 0.001. 

Our results are similar with the observations of Nadol JB 

(1978).
[17]

 Vienny H et al (1984),
[18]

 Dodge PR et al 

(1984).
[19] 

Patients in Group 1 had a mean of 191.2mg/dl 

protein in CSF while as patients in Group 2 had mean of 

183.4 mg/dl protein in CSF. The difference between the 

two study groups when compared on presence of protein 

in CSF was statistically insignificant with p value of 

0.443 which is consistent with the studies done by Lebel 

MH et al (1988),
[20]

 Bowkowoski WJ et al (1985).
[21]

   
 

Patients in Group 1 received treatment after a mean of 

29.1 hours while as patients in Group 2 received 

treatment after a mean of 14.2 hours after the 

manifestation of symptoms. The difference between the 

two study groups when compared on duration of 
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symptoms before treatment was statistically significant 

with p value of 0.001 which is consistent with the studies 

conducted by Richner B et al (1979)
[22]

 and Bohr V et 

al (1980)
[23]

 who also observed statistically significant 

results.   

 

Patients in Group 1 needed hospitalization for a mean 

24.8 days while as patients in Group 2 needed 

hospitalization for a mean of 21.1 days. The difference 

between the two study groups when compared on 

duration of hospital stay in days was statistically 

significant with p value of 0.001 which is consistent with 

the findings of Ozdamer O et al (1983)
[24]

 who also 

found statistically significant relation with sensorineural 

hearing loss.   

 

In our study all the patients received amino-glycoside 

antibiotics. Patients in Group 1 received amino-

glycosides antibodies for a mean period of 23.7 days 

while as patients in Group 2 received aminoglycoside 

antibiotics for a mean period of 26.1 days. The difference 

between the two study groups when compared on 

duration of amino-glycoside antibiotics in days was 

statistically insignificant with p value of 0.239 as 

observed by Cherian B et al (2002)
[13]

 in  his study. In 

their study, aminoglycosides were used in 22 patients, 8 

(36.4%) of whom developed SNHL while one out of 10 

patients (10%) in whom amino-glycoside was not used 

developed hearing loss. Even when the duration of 

aminoglycoside therapy was taken into consideration, 

there was no statistically significant difference between 

the various groups.   

 

Aminoglycosides are known to cause ototoxicity in 

humans. In the present study there was no significant 

difference in the incidence of ototoxicity between those 

who received aminoglycosides and those who did not. 

This may be because the younger patients are less likely 

to develop ototoxicity compared to the older ones 

[Cherian B (2002),
[13]

  

 

Sande MA (1990).
[25]

   
Out of 11 patients in Group 1 two (18.2%) had seizures 

while as of the 76 patients in Group 2, 11 (14.5%) had 

seizures. The difference was statistically insignificant 

between the two study groups.  

 

When seizures were compared with children of hearing 

loss insignificant statistical difference was observed by 

Dodge  

PR et al (1984),
[19]

 Salwen KM et al (1987).
[21]

  
  

CONCLUSION  
Postmeningitic hearing impairment is an important 

public health problem with implications for both 

paediatric and audiology services.  It is more associated 

with high CSF cell count, low CSF glucose, high CSF 

protein, with seizures, late onset of treatment and longer 

hospital stay. 

 

BIBLOGRAPHY 

1. Davis A, Wood S. The epidemiology of childhood 

hearing impairment: factors relevant to planning of 

services. Br J Audiol, 1992; 26: 77-90.  

2. Bilgen H, Akman I, Ozek E, et al. Auditory 

brainstem response screening for hearing loss in 

high risk neonates. Turk J Med Sci, 2000; 30: 479-

82.   

3. Biswas A. Clinical audio-vestibulometry for 

otologists and neurologists. Mumbai: Bhalani 

Medical Book House, 2009; 100-32; 147-76.   

4. Hearing deficits. Emerging research and applications 

to children. Synthesis. Collective expert report, 

inserm, national institute for health and medical 

research, Paris, 2006.   

5. Homer JJ, Linney SL, Strachan DR. Neonatal 

hearing screening using the auditory brainstem 

response. Clin Otolaryngol, 2000; 25(1): 66-70.   

6. Glowacki J, Mulliken JB. Mast cells in 

haemangiomas and vascular malformations. 

American Academy of Paediatrics. Paediatrics, 

1982; 70: 496-7.   

7. Steenerson RL, Gary LB, Wynens MS. Scala 

vestibuli cochlear implantation for labyrinthine 

ossification. Am J Otol, 1990; 11(5): 360–3.  

8. Hinojosa R, Redleaf MI, Green Jr JD, et al. Spiral 

ganglion cell survival in labyrinthis ossificans: 

computerized image analysis. Ann Otol Rhinol 

Laryngol Suppl, 1995; 166: 51–4.  

9. Stewart JE, Stolz JW. Hearing Loss in Neonatal 

Intensive Care Unit Graduates. Manual of Neonatal 

Care. 6th ed: 644-46.  

10. Merchant RH, Char GS. Infant Hearing Screening. 

Indian Paediatrics, 1998; 35: 7- 11.  

11. Guiscafre H. Benitez-Diaz L, Martinez MC, Munoz 

O. Reversible hearing loss after meningitis 

prospective assessment using auditory evoked 

responses. Ann Otol Rhinol Laryngol, 1984; 93: 

229-32. 

12. Lin MC, Chi H, Choi MC, Huang FY, Ho CS. 

Factors for poor prognosis of neonatal bacterial 

meningitis in a medical center in Northern Taiwan. 

Journal of Microbiology, Immunology and  

Infection, 2012; 45: 442-47.    

13. Cherian B, Singh T, Chacko B, Abraham A. 

Sensorineural Hearing Loss Following Acute 

Bacterial: Meningitis in Non-neonates. Indian J 

Pedlatr, 2002; 69(11): 951-955.  

14. Karanja BW, Oburra HO, Masinde P, and Wamalwa 

D. Risk Factors for Hearing Loss in Children 

following Bacterial Meningitis in a Tertiary Referral 

Hospital.  Hindawi Publishing Corporation 

International Journal of Otolaryngology Volume, 

2013; 354725. 

15. Guiscafre H. Benitez-Diaz L, Martinez MC, Munoz 

O. Reversible hearing loss after meningitis 

prospective assessment using auditory evoked 

responses. Ann Otol Rhinol Laryngol, 1984; 93: 

229-32.  



Sheikh et al.                                                                    European Journal of Biomedical and Pharmaceutical Sciences 

  

 

www.ejbps.com            │         Vol 8, Issue 5, 2021.           │          ISO 9001:2015 Certified Journal         │ 

 

323 

16. Rasmussen N, Johnsen JN, Bohr AV. Otologic 

sequelae after pneumococcal meningitis: A survey 

of 154 consecutive cases with a follow up of 94 

survivors. Laryngoscope, 1991; 101: 876-882.  

17. Nadol JB. Hearing loss as a sequela of meningitis. 

Larvngoscope, 1978; 88: 739-55.  

18. Nadol JB. Hearing loss as a sequela of meningitis. 

Larvngoscope, 1978; 88: 739-55.  

19. Dodge PR, Davis H, Feigin RD, et al. Prospective 

evaluation of hearing impairment as a sequela of 

acute bacterial meningitis. Engl Med, 1984; 311: 

869-74.  

20. Lebel MH, Freij Bj, Syrogiannopoulos GA, et al. 

Dexamethasone therapy for bacterial meningitis: 

results of 2 double blind placebo controlled studies. 

N Engl 7 Med, 1988; 319: 964-7 1.  

21. Salwen KM, Viskerfors T, Olcen P. Increased 

incidence of childhood bacterial meningitis. A 25-

year study in a defined population in Sweden. Scad  

J Infect Dis, 1987; 19: 1-11.  

22. Richner B, Hof E, Prader A. Hearing impairment 

following therapy of Haemophilus influenzae 

meningitis. Helvetica Paediatrica Acta, 1979; 34: 

443-7. 

23. Bohr V, Hansen B, Jessen 0, et al. Eight hundred 

and seventy-five cases of bacterial meningitis. Part 1 

of a three part series: clinical data, prognosis and the 

role of specialized hospital departments. Infect, 

1983; 7: 21-30.  

24. Ozdamer 0, Kraus N, Stein L. Auditory brainstem 

responses in infants recovering from bacterial 

meningitis: audiological evaluation. Archives of 

Otolaryngology, 1983; 109: 13-8.  

25. Sande MA, MandeU GL. Antimicrobial agents. In 

Gilman AG, Rall TW, Nies AS, Taylor P, eds. The 

Pharmacological Basis of Therapeutics. 8
th

 edn. New 

York, Pergamon Press, 1990; 1098-1116.   


