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Abstract 

Background Neisseria meningitides, Streptococcus pneumonia, and hemophilic influenza type B are frequently 
linked to bacterial meningitis (BM) in children. It’s an infectious sickness that kills and severely mobilizes children. 
For a variety of reasons, bacterial meningitis remains a global public health concern; most cases and deaths are found 
in Sub-Saharan Africa, particularly in Ethiopia. Even though vaccination has made BM more preventable, children 
worldwide are still severely harmed by this serious illness. Age, sex, and co-morbidity are among the risk variables 
for BM that have been found. Therefore, the main objective of this study was to identify the variables influencing 
the time to recovery for children with bacterial meningitis at Jigjiga University referral hospital in the Somali regional 
state of Ethiopia.

Method A retrospective cohort of 535 children with bacterial meningitis who received antibiotic treatment 
was the subject of this study. Parametric Shared Frailty ty and the AFT model were employed with log likelihood, BIC, 
and AIC methods of model selection. The frailty models all employed the patients’ kebele as a clustering factor.

Results The number of cases of BM declined in young children during the duration of the 2 year, 11 month study 
period, but not in the elderly. Streptococcus pneumonia (50%), hemophilic influenza (30.5%), and Neisseria menin-
gitides (15%) were the most frequent causes of BM. The time to recovery of patients from bacteria was significantly 
influenced by the covariates male patients (φ = 0.927; 95% CI (0.866, 0.984); p-value = 0.014), patients without a vac-
cination history (φ = 0.898; 95% CI (0.834, 0.965); P value = 0.0037), and patients who were not breastfeeding (φ = 0.616; 
95% CI (0.404, 0.039); P-value = 0.024). The recovery times for male, non-breastfed children with bacterial patients are 
7.9 and 48.4% shorter, respectively. In contrast to children with comorbidity, the recovery time for children with-
out comorbidity increased by 8.7%.

Conclusion Age group, sex, vaccination status, co-morbidity, breastfeeding, and medication regimen were the main 
determinant factors for the time to recovery of patients with bacterial meningitis. Patients with co-morbidities require 
the doctor at Jigjiga University Referral Hospital to pay close attention to them.
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Introduction
Background of the study
A serious infection of the central nervous system known 
as bacterial meningitis (BM) can have either a short- or 
long-term outcome [1, 2]. Clinically speaking, menin-
gitis is an inflammation of the meninges that surround 
the brain and spinal cord [3]. This inflammation can be 
caused by a variety of agents, including viruses, fungi, 
protozoa, bacteria, and encapsulated bacteria. The most 
well-known and frequent of these are Streptococcus 
pneumonia, Hemophilic influenza, and Neisseria men-
ingitides [4, 5]. Meningitis causes significant neurosen-
sory consequences and a high fatality rate (about 117,000 
deaths annually globally). The disease’s median incidence 
in children under five is 34 cases per 100,000 children 
annually [6]. The incidence varies by global region; in the 
Americas, it is 16.6 per 100,000 children year, whereas in 
Africa, it is 143.6 per 100,000 children annually. With a 
range of 31.3% in the Africa region and 3.7% in Southeast 
Asia, the median case fatality rate is 14.4% [2, 7].

The symptoms of fever, altered mental status, head-
ache, and nuchal rigidity are suggestive of bacterial 
meningitis, though many people with the illness do 
not exhibit any of these symptom [8]. A spinal tap is 
necessary to get cerebrospinal fluid in order to make 
a conclusive diagnosis of meningitis [1, 5]. Meningi-
tis patients frequently have low blood sugar, elevated 
white blood cell counts, and elevated protein levels in 
their fluid. It might be possible to determine which bac-
teria caused the meningitis by analyzing the fluid. By 
cultivating the CSF sample, bacterial meningitis is diag-
nosed. After measuring the opening pressure, the fluid 
should be submitted for microbiology (i.e., Gram stain 
and cultures), chemistry (i.e., CSF glucose and protein), 
and cell count (and differential count) [1, 6]. The tradi-
tional trio of meningitis symptoms fever, stiff neck, and 
altered mental status occurs in just 41% of cases of bac-
terial meningitis. The majority of patients who experi-
ence the triad are older. At least one of these symptoms 
will be present in 70% of individuals [6]. A method car-
ried out in sterile conditions with the goal of preventing 
the entry of undesired organisms or bacterial pollutants 
into an environment is known as an aseptic technique. 
To prevent contamination of lab workers, cultures, and 
equipment, this is a crucial microbiological lab pro-
cedure [6, 9]. In the microbiological laboratory, both 
chemical and physical sterilization techniques are used 
to guarantee that the materials and equipment are free 
of germs. Sanitization accomplishes this by lowering 

contamination to acceptable levels through the use 
of any cleaning method that mechanically eliminates 
germs and other debris. While antiseptics are used to 
disinfect flesh, disinfectants are administered to inani-
mate surfaces, medical equipment, and other man-
made objects [1, 9].

Meningitis has been one of the most dreaded infec-
tious diseases throughout the nineteenth and twentieth 
centuries, and it is now a top priority for public health 
[4, 6]. At least 1.2 million instances of invasive illness 
are thought to occur annually around the world, and 
invasive meningococcal disease (IMD) is thought to be 
responsible for 135,000 of those deaths [10]. The pub-
lic health system is severely taxed by the disease burden 
in nations with high endemicity [11]. In low-income 
nations, where the prevalence of bacterial meningitis is 
highest, there is a higher risk of long-term debilitating 
sequelae, such as cognitive impairment, bilateral hear-
ing loss, motor impairment, seizures, visual impair-
ment, hydrocephalus, and amputation of limbs owing 
to tissue necrosis [1, 6, 12].

Streptococcus pneumonia, Hemophilic influenza, 
and Neisseria meningitides are the primary etiological 
agents of bacterial meningitis outside of the neona-
tal period, and it continues to be a significant source 
of morbidity and mortality [2, 11]. These agents are 
extremely significant in sub-Saharan Africa’s meningi-
tis belt, where epidemics of the disease happen every 
8–12  years. For instance, there were 42 cases in the 
Burkina Faso outbreak of 1996, with a 10% case fatal-
ity rate (CFR) [13]. In Ghana, there were 18551 cases 
in 1997, and 8% of them resulted in death [12]. The 
Meningococcal Meningitis Case Fatality Rate (CFR) is 
estimated by the World Health Organization (WHO) 
to be 10%, or 500,000 cases, each year, with 27,000 of 
those cases occurring in African regions [14]. Bacte-
rial meningitis (BM) alone accounts for roughly 6–8% 
of all hospital admissions in Ethiopia, and its case fatal-
ity rates can reach 22–28%. For the past many decades, 
Ethiopia’s health has continued to be a major concern 
[15, 16]. Studies on those who have recovered from 
bacterial meningitis have revealed a wide spectrum of 
neurological, cognitive, and behavioral consequences 
[17].

Systemic infections are predisposed to by malignant 
illnesses. Important factors include malnourishment, 
immunosuppressive therapy, and persistent venous 
catheters. Patients with leukemia, lymphomas, and 
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those who have undergone neurosurgical procedures 
for brain tumors are more susceptible to meningitis [5, 
8]. In this demographic group, Streptococcus pneumo-
nia, hemophilic influenza, and Neisseria meningitides 
are the most prevalent pathogens. An intracranial 
space-occupying process, thrombocytopenia, or an 
unusual clinical presentation might occasionally cause 
a delay in the proper diagnosis and appropriate man-
agement [18].

Recipients of transplant organs are more susceptible 
to invasive pneumococcal infections, which can cause 
sepsis and meningitis. Prior to transplantation, pneumo-
coccal vaccination lowers the risk. L. monocytogenes and 
Nocardia spp. are other culprits that can cause meningitis 
in this population, particularly in cases where there are 
several brain abscesses [19]. Hypo-or asplenia, character-
ized by splenic dysfunction or absence, puts a person at 
risk for invasive infections from encapsulated bacteria, 
including S. pneumonia and H. influenza. Splenectomy 
is one way to treat acquired hyposplenism. HIV infec-
tion, sickle cell anemia, graft-versus-host disease, allo-
genic bone marrow transplantation, and celiac illness can 
also cause it to function [20]. Just 2.5% of community-
acquired meningitis cases had asplenia, which is linked to 
a high death rate of 25% and persistent neurologic seque-
lae of 58% [18].

The time to completely recover children from bacterial 
meningitis (BM) from the day of diagnosis was the event 
of interest in this study [21]. The current study identi-
fied factors influencing children with bacterial menin-
gitis (BM) recovery time using parametric shared frailty 
models and an AFT parametric model. The shared frailty 
model, a variant of the Cox PH model called the frailty 
model, takes into account any extra heterogeneity in the 
data [22].

Data and material
Description of the study area
The study was carried out at Jigjiga University Referral 
Hospital, which is located 635 km from Addis Ababa, the 
capital city of Ethiopia, in the eastern section of the coun-
try, in the regional Jigjiga town of the Somali regional 
state [23]. The children diagnosed with bacterial menin-
gitis comprise the study population under inquiry.

Study design and population
A retrospective cohort research was conducted at Jigjiga 
University Referral Hospital in the regional state of Somali. 
The study’s target population consisted of the children less 
18 year being treated at Jigjiga University Referral Hospital 

in Somali Regional State who had bacterial meningitis. The 
study was conducted between 10th of August 2023 and 
30th of August, 2023 among children who were admitted 
to the hospital with sever bacterial meningitis from Sep-
tember 1, 2019 to July 20, 2023 at Jigjiga University referral 
hospital in Somali regional state. All children patients who 
were admitted for this referral hospital due to case of bacte-
rial meningitis during the above stated dates was included 
the study. There were 535 children bacterial meningitis 
patients enrolled in this study.

Source of data
The secondary data used in this study was collected from 
Jigjiga University Referral Hospital in the Somali Regional 
State of Ethiopia for children less 18 year who had bacterial 
meningitis (BM).

Inclusion and exclusion criteria
Inclusion criteria
All instances of bacterial meningitis in children who had a 
clinical diagnosis and started treatment were included in 
the study.

Exclusion criteria
The study did not include patients who were admitted but 
whose bacterial meningitis was not clinically confirmed. 
After the initial diagnosis, children also developed fungal, 
viral, or other forms of meningitis.

Data extraction and measurement
Baseline data was being extracted from the department of 
clinical pediatric registration book on which laboratory 
findings after investigation and recorded existing patients 
recorded card in the hospital. The whole patients who 
admit and diagnosed at Jigjiga university referral hospital. 
Baseline parameters that was extracted were time, age, sex, 
drug regimen (antibiotics), pathogen (organism caused the 
disease), residence place, breastfeeding, co-morbidity, vac-
cination status and kebele. The patients data about whether 
cured or not were extracted from daily follow up chart and 
the time to cure was calculated by subtracted the date of 
diagnosed from the date of discharge the hospital.

Study variables
Response variable
The outcome or dependent variable taken into account in 
this study for children with bacterial meningitis was the 
length of hospitalization from the first day of the patient’s 
diagnosis at the hospital to the last day of discharge from 
the hospital.
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Independent or explanatory variables
The independent factors included in this study were age, 
sex, immunization status, nursing practices, organisms or 
infections, co-morbidity, medication regimen, and place 
of residence.

Method of data analysis
Several methods were employed in this study to examine 
the factors affecting the time to recovery of children with 
bacterial meningitis at Jigjiga University Referral Hospi-
tal in the Somali Regional State of Ethiopia by Using the 
parametric shared frailty and AFT models. Among those 
for comparing the survival experiences of two or more 
groups, a nonparametric test was provided. Kaplan–
Meier survival function was non-parametric estimation, 
survival distribution estimation from a sample, and sur-
vival distribution were a few of these descriptive statis-
tics. The most common and widely used test was the 
log-rank test. The Cox proportional hazards model was 
semi-parametric methods used in multivariable analysis. 
To further better address the goal of the investigation, 
AFT and parametric shared frailty models with loglikel-
hood, the Akaike Information Criterion (AIC), and the 
Bayesian Information Criterion (BIC) techniques of 
model selection were applied [1, 24]. R and STATA (ver-
sion 17) were the programs used during this study to ana-
lyze statistical data.

Results
A total of 535 children with microbiologically confirmed 
bacterial meningitis were included in this study. Out of 
the 535 children with bacterial meningitis, 86 (16.6%) had 
their cases censored since it was unknown how many of 
them actually survived; the remaining 449 (83.4%) cases 
had known outcomes such as recovery from bacteria. 
Among 221 (41.3%) female children of bacterial patients, 
35 (39.3%) of the female patients died, were transferred 
to other hospitals, lost, or dropped before death, which 
means they censored or did not recover from bacterial 
disease, whereas 186 (41.7%) of the female children of 
bacterial patients recovered from disease or lived. From a 
total of 314 (58.7%) male patients, 54 (60.7%) male bacte-
rial patients were not recovering from the disease, while 
260 (58.3%) male bacterial patients were recovering from 
the disease. In addition to this, the median recovery times 
for females and males were 14 and 12 days, respectively.

Out of 158 (29.5%) children with no vaccination status, 
61 (68.5%) were censored, but 97 (21.7%) recovered from 

Status

{

0 if event
(

occure when bacterial meningitie childeren patient recovery during followup
)

1 if censored(died, transferred to other hospitals, lost and dropped before death)

the disease while Among the 377 (70.5%) of children of 
bacterial patients that have vaccination status, 28 (31.5%) 
of children were censored, and 349 (78.3%) of the chil-
dren of patients recovered from bacterial disease during 
follow-up. Among a total of 267 (49.9%) children bacte-
rial patients who have comorbidities, 19 (21.3%) were 
censored, and the rest, 248 (55.6%) of the children with 
comorbidities, recovered from disease. Patients with co-
morbidities spent an average of 13  days in the hospital, 
of which 73.88% recovered from disease; in contrast, 
patients without co-morbidities remained an average of 
12 days, of which 92.88% recovered.

Among 505 (94.4%) of children who live in urban 
areas, 82 (92.1%) of the bacterial patients were censored, 
but 423 (94.8%) recovered from disease. While, out of 
30 bacterial patients who lived in rural areas, 7 (7.9%) 
of the children were censored, and the rest, 23 (5.2%), 
were removed from bacterial meningitis. In comparison 
to rural patients, who had a median recovery time of 
15 days and a recovery rate of 76.67%, urban patients had 
a median recovery time of 12  days. Streptococcus pneu-
monia (50%), hemophilic influenza (30.5%), and Neisse-
ria meningitides (15%) were the most frequent causes of 
BM. Streptococcus pneumonia and hemophilic influenza 
were the pathogens or organisms that caused the disease 
in the patients, and both had a median time to recovery 
of 12  days, with respective recovery rates of 85.19 and 
78.53%. Another pathogen with a median recovery time 
of 13 days and an overall recovery rate of 83.75% is Neis-
seria meningitides.

Non‑parametric survival analysis
Plots of the Kaplan-Meir curves for the survival, sur-
vival failure, and cumulative hazards experienced for the 
time to survive of the bacterial patient were used for the 
non-parametric analysis, as illustrated in Figs.  1, 2, 3, 
respectively. The outcome showed that the survival plot 
initially declined at an increasing rate and then occasion-
ally reduced much more. This suggests that the majority 
of bacterial meningitis patients will get treatment shortly. 
On the other hand, the hazard plot started out growing 
faster and kept getting bigger with time.

Survival comparison of different groups of BM patients
The age group older than 60 months has a higher survival 
rate than the age group younger than 1 month, especially 
in the intermediate stages when everything is essentially 
the same at the beginning and the end. This suggests 
that patients older than 60 months have a higher chance 
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of recovering more slowly at a given point in time than 
patients younger than one month. Table  1 above shows 
that the group older than 60 months had a substantially 
different effect from the group younger than 1  month, 
whereas the other patient age groups did not exhibit a 
significantly different survival function at 5% level of sig-
nificance see Fig. 4.

Male patients have a lower survival rate than female 
patients, especially at midterm. However, they are all 
more similar at the beginning and at the bending times 

depicted in Fig. 5. This suggests that male patients have 
a lower probability of recovering at a given time than 
female patients do.

The survival rate for the vaccinated group of patients 
is lower than that of the non-vaccinated group, especially 
in the midterms, but everything is the same at the begin-
ning and at the end (see Fig. 6). This shows that the prob-
ability of the time to recovery for the vaccinated group 
is lower than when we compare it to the non-vaccinated 

Fig. 1 Survivorship of Bacterial meningitis hospitalization

Fig. 2 Survival failure function plot for the time to survive of BM Patient
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Fig. 3 cumulative Hazard plot for the time to survive of BM Patient

Table 1 Baseline characteristics of covariates and median duration for survival time of bacterial patient

CI Confidence interval

Variable Category No of patients Median 95% CI Status of the patients

Censored Even (Recovery)

Count Percent (%) Count Percent (%)

Sex Female 221 14 [13, 15] 35 39.3 186 41.7

Male 314 12 [11, 13] 54 60.7 260 58.3

Age group  < 1 month 3 8 [7, 9] 2 2.2 2 0.4

1–12 months 243 12 [12, 13] 35 39.3 209 46.9

13–36 months 109 12 [11, 13] 19 21.3 90 20.2

37–60 months 48 12 [11, 14] 11 12.4 37 8.3

 > 60 months 132 12 [13, 17] 7 7.9 41 9.2

Vaccination status No 158 13 [12, 14] 61 68.5 97 21.7

Yes 377 12 [11, 13] 28 31.5 349 78.3

Pathogens Streptococcus pneumonia 270 12 [11, 14] 22 24.7 166 37.2

Hemophilic influenza 163 12 [11, 14] 58 65.2 202 45.3

Neisseria meningitides 80 13 [12, 14] 9 10.1 64 14.3

Others 22 15 [12, 16] 0 0.0 14 3.1

Drug regime Ceftriaxone and vancomycin 120 14 [12, 15] 24 27.0 96 21.5

Ceftrazidime and vancomycin 44 13 [11, 18] 10 11.2 34 7.6

Ceftriaxone and dexamethine 234 12 [12, 14] 36 40.4 198 44.4

Cefoperatone and sulbactan 24 13 [11, 14] 2 2.2 12 2.7

Ciprofloxacin and ceftriaxone 2 12 [10, 13] 1 1.1 1 0.2

Ampiciline and gentamycin 110 12 [11, 13] 14 15.7 96 21.5

Others 11 15 [11, 17] 2 2.2 9 2.0

Residence place of the patients Rural 30 15 [13, 18] 7 7.9 23 5.2

Urban 505 12 [12, 13] 82 92.1 423 94.8

Comorbidies Yes 267 13 [11, 13] 19 21.3 248 55.6

No 268 12 [12, 14] 70 78.7 198 44.4

Breast feeding of the patients Yes 180 12 [13, 15] 52 58.4 142 31.8

No 355 13 [11, 13] 37 41.6 304 68.2
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group, as the probability of curing time for the non-vac-
cinated group is higher than that of the vaccinated group.

Cox proportional hazard regression model
All covariate Cox proportional hazards models were fit-
ted. The univariate analysis revealed that comorbidities, 
sex, age, immunization status, breastfeeding status, and 
comorbidity were all statistically significant factors for 
the variable of interest. Regarding the other criteria, such 
as residence and trends in drug use, there was no statisti-
cally significant difference.

Model diagnosis for Cox proportional hazards model
Table 2 illustrates how the log-linearity and proportional 
hazards assumptions of the Cox regression model were 
examined in the current investigation. The log-linearity 
test demonstrated that the log hazard, also known as 
the log cumulative hazard, and the covariate had a linear 
relationship. The proportional hazard test carried out in 
this work indicates that the ratio of the hazard function 
for two persons with different regression covariates does 
not change over time. The Wald chi-square test statistic 
was significant, as shown by the global fit test in Table 2, 
which disproves the proportional hazards assumption.

Fig. 4 survival function of age bacterial patient

Fig. 5 survival function of sex of bacterial patient
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Fig. 6 survival function of vaccination by time to recovery bacterial patient

Table 2 Result of the test of proportionality assumptions for each covariate in the final model

Global test chi2 = 11.39, df = 19, p-value = 0.9100

Variable Rho Std. Err. Z P > z [95% Conf Interval]

Sex 1.193867 0.1157498 1.83 0.068 0.9872541 1.443721

Age group 0.9935444 0.0323247 − 0.20 0.842 0.9321668 1.058963

Vaccination 1.468227 0.175882 3.21 0.001 1.160984 1.85678

Pathogens 0.9090509 0.0553318 − 1.57 0.117 0.8068216 1.024233

Drug regime 1.038888 0.02757 1.44 0.151 0.9862326 1.094354

Residence 1.009224 0.2262703 0.04 0.967 0.6503487 1.566134

Breastfeed 1.363629 0.1638869 2.58 0.010 1.077445 1.725828

Fig. 7 log–log plot of survival of pathogen caused disease of time to recovery of bacterial

Fig. 8 log–log plot of survival of age group patient of time to recovery of bacterial
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Model diagnosis with graphical method
The log (time to recovery) vs. log (-log(s (t))) plots were 
not parallel to one another. As a result, the proportion-
ate hazards assumption is broken (see Figs. 7, 8, 9). The 
smoothed plot, which resembles a straight line with some 
departure from the horizontal line, indicates that the 
residuals follow a systematic pattern and are not random, 
as demonstrated by the plot of the scaled Schoenfeld. 
Consequently, Fig.  10’s proportionate hazards assump-
tion is violated.

Accelerated failure time model results
Unavailable analysis
The covariates of breastfeeding, co-morbidity, and vacci-
nation status of the patients are significant in all of the 
models that were used.

Multivariate AFT analysis
Covariates that were no longer significant in the multi-
variate analysis were eliminated from the model using 
the backward elimination approach. As a result, the drug 
regimen and living address were dropped or omitted. The 
effect of interaction terms was further investigated at the 
10% level of significance and was shown to be statistically 

insignificant in the multivariable lognormal AFT model. 
The primary effects of the covariates vaccination status, 
patient breastfeeding, sex, age, and comorbidity were 
retained in the final model. All of the AFT models are 
listed in Table 3, along with the corresponding log likeli-
hood, BIC, and AIC values.

Table  3 shows that AIC, BIC, and log-likelihood were 
used to evaluate AFT models like Weibull, exponential, 
log-logistic, and lognormal distributions to see which one 
best fit the data. Consequently, the AIC and BIC for the 
lognormal distribution were the lowest. For this reason, 
it has been chosen for the current study’s univariate and 
multivariate data analysis.

Univarable analysis for frailty models
The covariates co-morbidity, vaccination status, and 
breastfeeding are significant in all of the univariable anal-
ysis models at the 0.05 level of significance. Age group 
and sex are also significant at 5% for most of the mod-
els except exponential baseline with gamma and inverse 
Gaussian frailty distribution, where drug regime is signif-
icant lognormal at baseline with inverse Gaussian frailty 
distribution. In all models, the pathogen variables and 

Fig. 9 log–log plot of survival of comorbidity patient of time to recovery of bacterial

Fig. 10 Plot of the scaled schoenfeld for pathogen cause and age group of time to recovery of bacteria
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the residence site are not relevant for the recovery time at 
the 5% level of significance.

In the univariable analysis, significant covariates were 
identified and used in the multivariate AFT baseline haz-
ard function with the gamma and the inverse Gaussian 
frailty distributions. The model with the lowest AIC for 
the bacterial meningitis data set was lognormal at base-
line with an inverse Gaussian frailty distribution. The 
lognormal inverse Gaussian frailty model, as presented in 
Table 3, had the lowest AIC and BIC values of all the par-
ametric frailty models (AIC = 2674.080, BIC = 314.987). 
This suggests that the model was comparatively the most 
effective in explaining the children’s bacterial meningitis 
data set.

In the lognormal inverse Gaussian frailty model, the 
shape parameter was 2.184. This number is more than 
one unity, indicating that the hazard function’s shape 
grew initially before eventually decreasing. According 
to Table  4, the heterogeneity within clusters is 22.1%, 
whereas the heterogeneity in the population of clusters 
estimated for this best model is ϴ = 0.98, which is sig-
nificant at the 5% level of significance. 13  days was the 
patients’ overall median recovery period from bacterial 
meningitis. Table 4 presents the findings of a study using 
the lognormal inverse Gaussian frailty model. The factors 
that were shown to be significant at the 5% level of sig-
nificance were age group, sex, co-morbidity, vaccination 
status, breastfeeding, and medication regimen.

The age group had a significant effect on the time to 
recovery for bacterial meningitis patients. Hence, com-
paring the age group of more than 60 months with those 

of less than 1 month, the expected time to recovery for 
more than 60-month-old bacterial patients was increased 
by 12.8% as compared to less than 1 month-old patients, 
keeping the other covariates constant (φ = 1.623; 95% CI 
(1.065, 2.4747); p-value = 0.024). This result indicates that 
more than 60-month-old children with bacterial menin-
gitis had a prolonged time to recovery as compared to 
less than a month-old child with bacterial meningitis. 
Although bacterial meningitis can strike anyone at any 
age, it most commonly strikes infants, young children, 
and adolescents. Meningitis and septicemia are more 
common in particular age groups. Because their immune 
systems are still developing, young children are more 
vulnerable than older age groups. Vaccines offer this sus-
ceptible age group essential protection and enable young 
children to safely identify dangerous microorganisms.

Vaccination was a significant factor in the time to 
recovery of children with bacterial meningitis. Compar-
ing vaccinated children patients with not vaccinated, 
the expected time to recovery for vaccinated children 
patients was decreased by 10.9% as compared to not vac-
cinated children patients, keeping the other covariates 
constant (φ = 0.898; 95% CI 0.834, 0.965); p-value < 0.003). 
This suggests that female children have a better chance 
of recovering from bacterial meningitis than male chil-
dren. Because the vaccine does not protect against all 
strains of the bacteria that can cause the disease. While 
the vaccine provides very good protection against four of 
the five most common strains that cause meningococcal 
disease, it does not provide in all protection from these 
four strains. Getting the meningococcal vaccine after 

Table 3 Compares AFT and Frailty models using data on time to recovery status

Bold values indicate selected model that means Inverse Gaussian models was the appropriated for our study

AIC Akaike’s information criteria, BIC Bayesian information criterion, DIC deviance information criterion

Distribution AIC BIC log‑likelihood

Exponential 29672.82 29779.60 − 11148

Weibull 20063.76 20178.13 − 11256

Log logistic 20063.76 20178.13 − 11256

Generalized gamma 19883.78 20005.78 − 11126

Log-normal 19865.06 19997.29 − 11025

Baseline hazard function Frailty distribution AIC BIC DIC

Exponential Gamma 3324.760 418.870 371.710

Inverse Gaussian 3325.506 389.378 350.024

Weibull Gamma 2824.988 392.919 353.197

Inverse Gaussian 2813.650 394.808 354,871

Lognormal Gamma 2691.597 410.978 379.897

Inverse Gaussian 2674.080 314.987 332.510
Log logistic Gamma 2692.105 399.389 379.024

Inverse Gaussian 2675.287 389.991 396.179
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you’ve been exposed will not protect you against getting 
sick from that particular exposure. However, getting the 
vaccine to protect you against future exposures is a very 
good idea.

Sex was a significant factor in the time to recovery of 
children with bacterial meningitis. Comparing male chil-
dren patients with females, the expected time to recov-
ery for male children patients was decreased by 7.9% as 
compared to female children bacteria patients, keeping 
the other covariates constant (φ = 0.924; 95% CI 0.866, 
0.984); p-value < 0.014). This suggests that female chil-
dren have a better chance of recovering from bacterial 
meningitis than male children. Because male patients had 
higher comorbidities and immunosuppressive diseases 
than female patients, they were also underinsured. There 
are notable differences between male and female com-
munity-acquired meningitis in terms of comorbidities, 
presentation symptoms and signs, aberrant laboratory 
and imaging investigations, and indicators of unfavorable 
clinical outcomes.

The co-morbidity was also a significant factor in the 
time to recovery of children with bacterial meningitis. 
Hence, comparing children patients who haven’t comor-
bidity with children who have comorbidity, the expected 

time to recovery for children who haven’t comorbidity 
was increased by 8.7% as compared to children patients 
who have comorbidity, keeping the other variable fac-
tor remaining constant (φ = 1.098; 95% CI 1.022 1.164; 
P-value < 0.008). This shows that children who don’t 
have co-morbidity have a prolonged time to recovery as 
compared to children with co-morbidity. Comorbidity is 
linked to more complicated clinical management, poorer 
health outcomes, and higher medical expenses. Comor-
bidities might make treating a medical issue more diffi-
cult. The concept of burden of illness or disease, which 
is determined by the entire burden of physiological dys-
function or the total burden of all illness kinds that have 
an effect on a person’s physiologic reserve, has also been 
expressed through the use of comorbidity. The exami-
nation of mechanisms such as direct causation, associ-
ated risk factors, heterogeneity, and independence that 
may contribute to the coexistence of many disorders in 
a patient is necessary, and the consequences for clinical 
care must be taken into account.

The breastfeeding of children also played a signifi-
cant effect on the time to recovery of children with 
bacterial meningitis. Comparing the not-breathing chil-
dren patient with breastfeeding children patient 1, the 

Table 4 Multivariable analysis using lognormal inverse Gaussian frailty model

p = 0.05 was statistically significant. ϴ = 0.98 ρ = 2.184 τ = 0.221 AIC = 2674.080 φ Acceleration Factor, CI Confidence Interval, ϴ Variance of random effect, τ Kendall’s 
Tau S.E standard error, Ref Reference. p Shape parameter, AIC Akaiks Information Criteria

*The significant variable at 5% level

Variable names Category Coefficient S.E φ 95% CI P‑value

Sex Female(ref.) 1.00

Male − 0.079 0.033 0.924 [0.866, 0.984] 0.014*

Age  < 1 month

1–12 months 0.340 0.213 1.405 [0.926, 2.133] 0.110

13–36 months 0.323 0.215 1.381 [0.906, 2.105] 0.130

37–60 months 0.299 0.219 1.349 [0.878, 2.072] 0.170

 > 60 months 0.484 0.215 1.623 [1.065,2.4747] 0.024*

Vaccination status No vaccinated(ref.)

Yes vaccinated − 0.109 0.037 0.898 [0.834, 0.965] 0.003*

Presence of comorbidity Yes (ref.)

No 0.087 0.033 1.098 [1.022, 1.164] 0.008*

Breast feeding of patients Yes (ref.)

No 0.484 0.215 0.616 (0.404, 0.939) 0.024*

Drug regime Ceftriaxone plus vancomycin

Ceftrazidime plus vancomycin − 0.045 0.066 0.956 (0.839, 1.089) 0.500

Ceftriaxone plus dexamethasone − 0.070 0.042 0.932 (0.850, 1.012) 0.092

Cefoperatone plus sulbactan − 0.064 0.104 0.938 (0.765, 1.151) 0.450

Ciprooxacin plus ceftriaxone − 0.135 0.296 0.874 (0.489, 1.559) 0.650

Ampicillin plus gentamycin − 0.128 0.052 0.880 (0.795, 0.974) 0.013*

Others 0.060 0.116 1.062 (0.846, 1.332) 0.600

Constant 2.330 0.215 10.282 (6.742, 15.680) 0.000
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expected time to recovery for the no-breathing chil-
dren patient was decreased by 48.4% as compared to the 
breastfeeding children bacteria patient, keeping the other 
covariates constant. (φ = 0.616; 95% CI 0.404–0.939; 
p-value < 0.024). This indicates that breastfeeding chil-
dren have a greater chance of recovery than non-breath-
ing children caused by bacterial meningitis disease. 
Human milk offers protection against distinct clinical 
ailments (such as necrotizing enter apathy, bacteremia, 
meningitis, respiratory tract infections, diarrheal dis-
eases, and otitis media) as well as against certain patho-
gens (viruses, bacteria, and parasites). Breast milk is one 
of the most essential elements in preventing newborns 
from contracting infectious.

Discussion
In this study, bacterial meningitis cases were common in 
1 month to 1 year of age group (1–12 months) patients, 
which accounted for 45.42% of bacterial meningitis cases 
in pediatric departments. Other age groups, such as less 
than 1 month, between 13 and 36 months, 37–60 months, 
and greater than 60  months, accounted for 0.56, 20.37, 
8.97, and 24.67%, respectively. This study was lower than 
the study in Swedish and Beverley [25, 26].

The age group of children had a significant effect on 
the time to recovery of children with bacterial men-
ingitis. The median time for improvement was 5  days. 
The patients whose age is greater than 60  months had 
a significantly prolonged time of curing as compared to 
the patients aged less than 1  month. Numerous stud-
ies indicate that the following age groups are terminal: 
The most common age groups to be afflicted by bacte-
rial neuro infections are infants and the elderly. Infants 
and newborns have a more permeable blood–brain 
barrier and a developing immune system [2]. Immune 
senescence, or the weakening of the immune system in 
individuals over 65, increases a person’s vulnerability to 
illnesses and reduces the effectiveness of vaccinations. 
In contrast, this observation was in line with the previ-
ous studies that had already shown that the younger age 
children patients have prolonged time to recover from 
the bacterial meningitis [1, 27].although, comparable to 
the research Children under the age of 12 months are the 
group most impacted by BM in France, Nigeria, Guate-
mala, and Malaysia1 [1]. According to Basri in Malaysia, 
BM increases the risk of death in children under the age 
of 1  year (OR = 3.13 [1.33–7.24] [5]. These findings are 
consistent with our research, which found that children 
with BM who are younger than 6 months old had a twice-
higher chance of dying. Young newborns may need more 
specialized care because they are a population at risk for 
BM mortality [8].

Sex had a significant effect on the time to recovery of 
children with bacterial meningitis. The female patients 
had more time to recover as compared to the female 
patients, and, most similarly to the descriptive type 
of study that was carried out from May 2012 to April 
2013, the male patients had 55.2% [28, 29]. According to 
reports from MacCormick in Malawi [30], Kuti in Nige-
ria [31], and Basri in Malaysia14, most BM impact stud-
ies revealed a 50–60% male preponderance. Each nation’s 
sociodemographic composition affects the sex ratio. Sex, 
however, does not increase the risk of dying from BM.

The vaccinated group of patients had significantly 
shorter recovery times than the non-vaccinated group; 
in other words, the non-vaccinated group took longer 
to heal than the vaccinated group of patients who were 
successful in getting better. Similar to this, a prospective 
study on the cause of childhood acute bacterial menin-
gitis was conducted, and this study had already demon-
strated that the vaccinated group of patients, who made 
up 91.3% of the patient population, had better outcomes 
than the non-vaccinated group in terms of healing time 
[32]. Research from many nations’ shows that the PCV 
vaccination lowers the incidence of pneumonia that is 
mistakenly diagnosed as a respiratory virus infection 
as well as the usage of antibiotics. For instance, after 
PCV7 was made available in the United States in 2000, 
the number of antibiotic prescriptions for acute otitis 
media in children under the age of 2 years decreased by 
42% between 1997 and 2004 [14]. An international panel 
of experts calculated that, across the 75 countries ana-
lyzed, universal PCV coverage could prevent up to 11.4 
million days of antibiotic therapy for pneumonia caused 
by S. pneumonia each year in children under the age of 
five[18]. This represents a 47% reduction in antibiotic 
therapy.

The comorbidity of patients had a significant effect on 
the time to recovery of children with bacterial meningi-
tis. Children who do not have co-morbidity have a pro-
longed time to recovery as compared to children with 
co-morbidity. This is also consistent with other research, 
such as a comparative cohort study that was conducted 
between 2014 and 2019, in which the co-morbidity of 
the patients was a significant factor in the patients’ out-
comes, and another study that was also conducted in 
Ethiopia, a retrospective chart [33, 34]. The presence of 
comorbidities was associated with the development of 
acute organ dysfunction (i.e., severe sepsis). Although the 
presence of comorbidities alters the choice of antibiotic 
in accordance with scientific societies’ guidelines and is 
linked to an increased likelihood of treatment failure, 
these indications are primarily based on expert opinion 
rather than prospective studies [18]. Therefore, research 
is required to determine whether the comorbidities have 
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any connection to the microbe that causes AE-COPD 
and whether this connection could aid in the empirical 
selection of an antibiotic. In this manner, the likelihood 
of resistance developing as well as treatment failure could 
be decreased [5].

The breastfeeding covariate had a significant effect on 
the time to recovery of children with bacterial meningi-
tis. The breast feeding of the patient had a positive effect 
on the time of recovery, and this was consistent with 
the other study that was conducted in Rebro Country, 
Sweden, over a 6 year period, 1987–1992. Breastfeeding 
patients had a shorter curing time than those who were 
not breastfeeding while using the same covariate [35]. 
Also in the study in eastern Ethiopia, the acceleration 
factor showed that breastfeeding patients had a shorter 
curing time than those who were not breastfeeding while 
using the same covariate [29, 36].

Conclusion
This study used the parametric shared frailty and AFT 
models to identify factors influencing the time to recov-
ery of children with bacterial meningitis at Jigjiga Uni-
versity referral hospital in the Somali regional state of 
Ethiopia. The results of the parametric shared frailty and 
AFT models revealed that age group, comorbidity, sex, 
vaccination status, and breastfeeding were significant 
factors determining the time to recovery of children with 
bacterial meningitis at Jigjiga University referral hospi-
tal. Of these important variables, children with bacte-
rial meningitis recovered more quickly when they were 
older and if they were non-comorbid. Conversely, there 
was a negative correlation found between children’s 
recovery time and sex, vaccinations, and breastfeed-
ing. When compared to female child bacterial patients, 
the male child patients’ anticipated recovery time was 
7.9% shorter. Nevertheless, holding the other covariates 
constant, the number of children without comorbidity 
increased by 8.7% relative to the number of children with 
comorbidity, and the number of children without breath-
ing decreased by 48.4% relative to the number of breast-
feeding children of bacterial patients.

With esteem to log likelihood, AIC, and BIC values, the 
BM data set fit better. Consequently, the inverse Gauss-
ian frailty model with the lognormal baseline was better 
than the lognormal Gamma frailty model, the log logis-
tic Gamma frailty model, the Weibull-Gamma frailty 
model, the exponential-inverse Gaussian frailty model, 
and the exponential-Gamma frailty model. The variable 
of interest was significantly affected by clustering. The 
time to recovery of patients from the bacterial meningitis 
dataset is affected by clustering because of differences in 
the patients’ time to recovery distribution among the 20 
kebele from which they came.

Recommendations
The study conclusions led to the following recommenda-
tions being made: Patients with a co-morbidity of bacte-
rial meningitis should receive extra care from medical 
staff at the Jigjiga University referral hospital. Patients 
under 60 months of age must be made aware of the fact 
that their recovery times are longer than those of other 
age groups are. To get parents to vaccinate their chil-
dren against bacterial meningitis, the nation’s Ministry 
of Health and Jigjiga University Referral Hospital must 
inform the public about the seriousness of the disease. 
The public should become more aware of the illness and 
be open to the advice and viewpoints of medical experts.

Limitation of study
The main limitation of the research was the utilization of 
secondary data, which may have omitted some impor-
tant patient information such as house rowdiness the 
residents in a house rooms with two categories a- < 3indi-
vidual per room and b- > 3individual per room, mother 
education (elementary, secondary schools and univer-
sity), malnutrition (anemia), family income, pathogen (L. 
monocytogenes and Nocardia spp.), and high according to 
local master of living), children’s weight, indicators, and 
symptoms.
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