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Introduction 

Bacterial meningitis is an infectious 

disease characterized by inflammation of the 

meninges [1,2]. Bacterial meningitis remains a 

global health problem with high morbidity and 

mortality. Bacterial meningitis sequelae  are such as 

brain damage, cognitive impairment, and hearing 

loss [3]. Aetiology of bacterial meningitis varies 

across age groups and geographic locations. Among 
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Background: Bacterial meningitis continues to be a global health problem even 

after introducing of meningococcal and pneumococcal vaccines. Surveillance of 

high-risk populations such as prisoners is necessary for timely identification of 

outbreaks and prophylaxis. This study assessed pharyngeal colonisation of prisoners 

and officers in a Ghanaian prison with meningitis-causing bacteria. Methods: A 

cross-sectional study was conducted from January to April 2018. Oropharyngeal 

swabs were collected, and microbiological and antimicrobial susceptibility analyses 

were performed. Results: There were 205 participants. Carriage of meningitis-

causing bacterial was 102 (49.7%), 8 (3.9%) and 1(0.48%) for Neisseria species 

(spp.), Staphylococcus aureus (S. aureus) and Streptococcus pneumoniae (S. 

pneumoniae), respectively and with a total carriage of 52.2% (107/ 205). Four 

individuals (1.9%) carried both Neisseria spp. and S. aureus. The S. aureus isolates 

were resistant to ampicillin (87.5%), chloramphenicol (87.5%), and penicillin 

(87.5%) and sensitive to cefoxitin (100%) cotrimoxazole (87.5%), clindamycin 

(87.5%), ciprofloxacin (75.0%), oxacillin (75.0%), and erythromycin (62.5%). 

None of the S. aureus isolated was methicillin resistant. The S. pneumoniae isolated 

was resistant to cotrimoxazole, tetracycline, and penicillin and sensitive to 

chloramphenicol, erythromycin, and clindamycin. Education (OR = 1.910, 95% CI 

1.029 – 3.545, p = 0.040) and years of incarceration (OR = 3.808, 95% CI 1.350 – 

10.739, p = 0.011) were associated with carriage of meningitis-causing bacteria. 

Conclusion: This study showed carriage of potential meningitis-causing bacteria in 

a Ghanaian prison. Multivalent meningococcal conjugate vaccine is key to 

controlling meningococcal disease outbreaks. 
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adults, this infection is usually caused by Neisseria 

meningitidis, Streptococcus pneumoniae, and 

Haemophilus influenzae type b (Hib) [4]. The 

infection is reported to affect about 26 countries in 

what is known as 'the meningitis belt' in sub-Saharan 

Africa particularly among children and the aged 

persons [5]. An epidemiological survey of bacterial 

meningitis in five countries in the meningitis belt in 

the subregion over 18,000 suspected cases between 

2015 – 2017, with an annual prevalence 0.3 – 7.5% 

[4]. 

Preventive measures such as the 

introduction of pneumococcal conjugate and 

meningococcal vaccines have led to a considerable 

decline in meningitis incidence 4. In the meningitis 

belt, N. meningitidis serogroup A used to be 

notorious for outbreaks until the introduction of the 

meningococcal serogroup A conjugate vaccine 

(MACV, MenAfriVac) in 2010. However, recent 

outbreaks and surveys show the emergence of 

serogroups C and W [6,7]. This calls for the 

deployment of a multivalent meningococcal 

conjugate vaccine in controlling meningococcal 

meningitis among high-risk populations [4]. 

Asymptomatic colonization of the 

nasopharynx has been identified as the most 

important prerequisite for subsequent invasive 

disease for several bacterial pathogens, including 

meningococci and pneumococci diseases [8,9]. 

However, studies have shown that meningococcal 

carriage is complex and highly dynamic [10,11]. 

Carriage of these pathogens, low relative humidity 

(dry season), high aerosol load, and underlying 

conditions are associated with meningitis [12,13]. 

To date, little colonization data are available among 

high-risk populations such as children, aged 

persons, boarding schools, and correctional facilities 

apart from outbreaks and feasibility assessments 

after the introduction of meningococcal serogroup A 

vaccine in the meningitis belt.  

Previous studies in prisons provide 

evidence that infectious diseases such as 

tuberculosis and bacterial meningitis are transmitted 

to individuals while incarcerated [14]. This is a 

concern not only to prisoners but also to public 

health [15,16]. Close living quarters, overcrowding, 

sharing of personal items, rationing and restricted 

access to water and toiletries, and substance abuse 

in prisons in developing countries such as Ghana 

increase the risk of bacterial meningitis and other 

infection. Against this backdrop, this study sought 

to assess the carriage of potential meningitis-causing 

bacteria amongst prisoners and officers in a 

Ghanaian prison. 

Materials and methods 

Study design and population 

This was a cross-sectional study conducted in a 

Ghanaian prison from January to April 2018. The 

facility, was wielded with overcrowding and poor 

sanitation, houses more than 1900 inmates: more 

than twice its original capacity of 700. 

Sampling technique 

A total of 205 individuals were recruited, of which 

184 were inmates and 21 officers. Per the working 

regulation at the facility at the time of recruitment, 

participants were conveniently selected with 

assistance from prison officers after the study 

protocol was explained to them. Participants were 

selected from all available cells to give homogeneity 

to the sample. A structured questionnaire was used 

to obtain socio-demographic data and clinical data 

on recent illness and antibiotic usage. 

Samples/ data collection 

Oropharyngeal specimen was collected from each 

participant using Eswab® (COPAN Diagnostics 

Inc., Italy LOT 202430900). Oropharyngeal swabs 

were collected by trained laboratory personnel with 

participants seated and having their heads tilted 

backward, samples were taken directly from the 

back of the throat carefully, without touching the 

teeth, cheeks, gum, or tongue when inserting and 

removing the swab. The swabs were left in place for 

about two seconds and then gently rotated through 

180 degrees around and behind their tonsils before 

removal. Ulcerated or inflamed and white patches in 

the tonsillar areas were sampled. Samples were kept 

in the transport media that come with the swabs, 

placed in a biohazard specimen bag, and 

immediately transported to the microbiology 

laboratory at the Kumasi Centre for Collaborative 

Research (KCCR), KNUST, Kumasi. 

Bacterial isolation 

The swabs were streaked directly onto colistin and 

nalidixic acid (CNA) agar supplemented with 5% 

sheep blood and modified Thayer Martin (Difco, 

Beckton Dickinson, USA) agar for the isolation of 

S. pneumoniae and S. aureus, and Neisseria species, 

respectively. The plates were incubated in a 5% CO2 

incubator at 35-37oC for 18-24 h.  

Colonies on CAN agar that were morphologically 

consistent with S. pneumoniae and s aureus were 
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gram stained. Alpha-haemolytic streptococcus 

colonies were tested for S. pneumoniae using the 

Optochin diffusion disc method. Presumptive S. 

aureus colonies were confirmed using coagulase 

agglutination method using rabbit plasma. 

Presumptive Neisseria colonies were sub-cultured 

on blood agar and preliminary identified using 

oxidase and Gram-staining. Oxidase-positive and 

catalase-positive gram-negative diplococci were 

presumptive of Neisseria spp. 

Antimicrobial susceptibility tests 

Antibiotic susceptibility testing was done using the 

Kirby-Bauer disk diffusion method and the zones of 

inhibition were interpreted according to the CLSI 

(2015) guidelines. For S. pneumoniae antibiotic 

susceptibility testing was done on 5% sheep blood 

Mueller-Hinton agar (Oxoid) and that of S. aureus 

was done on only Muller-Hinton (Oxoid). The 

choice of antibiotics used was based on Clinical and 

Laboratory Standard Institute guidelines. Antibiotic 

Disc Concentrations Used (Oxoid, Basingstoke, 

England) as shown in table (1).  

Statistical Analysis 

Descriptive statistics was used to present categorical 

variables as frequencies and percentiles and mean 

(SD) for continuous variables. Logistic regression 

analysis was used to determine factors that associate 

with carriage of meningitis-causing bacteria. All 

data acquired were entered using Epi info® version 

7.2.2.6 by CDC and analysed using IBM SPSS 26.0. 

Ethical consideration 

Ethical approval for this study was obtained from 

the Committee on Human Research and Publication 

Ethics at the KNUST School of Medicine and 

Dentistry and the Komfo Anokye Teaching 

Hospital, Kumasi, with approval number 

CHRPE/AP/577/17. In addition, institutional 

approval was obtained from the Ghana Prisons 

Service Headquarters, Accra, and informed consent 

obtained from all participants. This study was 

carried out in accordance with the Declaration of 

Helsinki. 

Results 

Participants’ characteristics 

Of the 205 included individuals, 184 were inmates 

and 21 officers. The mean age of the study 

participants was 27.6±7.1 with most of the 

participants, 79 (38.5%), between the ages of 18 to 

23 years. There were 199 (97.1%) males. Two-thirds 

of the participants, 136 (66.3%), had up to only basic 

education and 179 (87.3%) had been in incarceration 

or worked in the prison for less than five years. A 

little more than half of the participants, 109 (53.2%), 

had no prior knowledge of meningitis and none 

reported of a past infection. Of the total, only 5 

(2.4%) had been vaccinated against meningitis. 

More than a third of the participants, 72 (35.1%), 

reported of elevated body temperature in the past 30 

days and more than half, 109 (53.2%), reported 

meningitis-related symptoms. Antibiotic usage was 

reported by 38 (18.5%) of the study participants. 

Table 2 below summarises these participants 

characteristics and medical history. 

Carriage and distribution of potential 

meningitis-causing bacteria 

Carriage of potential meningitis-causing bacteria 

was identified in 107 (52.2%) of the study 

participants, with 102 (95.62%), 8 (3.90%) and 

1(0.48%) positive for Neisseria spp., S. aureus and 

S. pneumoniae, respectively (Figure 1). There was 

multiple carriage of potential meningitis-causing 

bacteria: four individuals (1.9%) were positive for 

both Neisseria spp. and S. aureus. 

Factors associated with carriage of meningitis-

causing bacteria 

Following the estimation of the carriage of 

meningitis causing bacteria, we sought to identify 

the factors associated. Table 3 below summarises 

the associations with carriage. Post-basic education 

(OR = 2.238, 95% CI = 1.229 – 4.075, p = 0.008) 

and at least five years of incarceration (OR = 4.542, 

95% CI = 1.640 – 12.576, p = 0.004) were 

significantly associated with carriage. 

Education level and years of incarceration are 

associated with carriage of meningitis-causing 

bacteria 

To validate the factors associated with carriage of 

the potential meningitis-causing bacteria, a 

multivariate logistic regression analysis (MLGA) 

was performed. Here, the MLGA was done using the 

significant associations, that is, education and years 

of incarceration. The model was significant 

compared to the null model (χ2(2) = 14.728, p = 

0.001) and explain 9.2% of the variation in carriage 

(Nagelkerke R2) shown in table 4 below. Individuals 

with post-secondary education were nearly twice as 

likely to carry potential meningitis-causing bacteria 

(OR = 1.910, 95% CI 1.029 – 3 545) compared to 

those with up to basic education, and individuals 

who had been in incarceration for at least five years 

were nearly four times likely to carry meningitis-

causing bacteria (OR = 3.808, 95% CI 1.350 – 
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10.739) compared to individuals that have been in 

incarceration for less than five years. 

Antimicrobial susceptibility tests (AST) 

Considering the increase in antimicrobial resistance, 

only S. aureus and S. pneumoniae isolates were 

subjected to AST due to limited logistics. 

Antimicrobial tests showed that isolated S. aureus 

were largely resistant to Ampicillin, 

Chloramphenicol, and Penicillin. The isolates were 

mostly sensitive to Cefoxitin, Clindamycin, 

Cotrimoxazole, Ciprofloxacin, Ofloxacin, and 

Erythromycin. There was no methicillin resistant S. 

aureus (MRSA) isolated. The S. pneumoniae 

isolated was sensitive to Chloramphenicol, 

Erythromycin and Clindamycin and resistant to 

Cotrimoxazole, Tetracycline and Penicillin. Table 5 

summarises the antimicrobial trends in this study. 

Positive control bacteria strains were obtained from 

the microbiome study group at KCCR, KNUST. for 

validation of isolates and antimicrobial 

susceptibility tests.

Table 1. Antibiotic disc concentrations used (Oxoid, Basingstoke, England) 

Bacteria Antibiotic Concentration (μg/disc) 

S. aureus Ampicillin 10 

Chloramphenicol 30 

Ciprofloxacin 5 

Cotrimoxazole 25 

Erythromycin 15 

Penicillin 1 

Clindamycin 2 

Oxacillin 1 

Cefoxitin 30 

Clindamycin 2 

Ofloxacin 

S. pneumoniae Chloramphenicol 30 

Cotrimoxazole 25 

Erythromycin 15 

Tetracycline 30 

Penicillin 1 

Clindamycin 2 
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Table 2. Participants’ characteristics and medical history 

Variable n (%) p-value 

Age Mean (SD) 27.6 (7.1) NA 

Age groups 18-23 79 (38.5) < 0.001 

24-29 55 (26.8) 

30-35 24 (11.7) 

>35 47 (22.9) 

Gender Male 199 (97.1) < 0.001 

Female 6 (2.9) 

Education background Basic 136 (66.3) < 0.001 

Post-basic 69 (33.7) 

Years of incarceration < 5 years 179 (87.3) < 0.001 

≥ 5 years 26 (12.7) 

Knowledge of meningitis Yes 96 (46.8) 0.402 

No 109 (53.2) 

Prior meningitis Yes 0 (0.0) N/A 

No 205 (100.0) 

Vaccination status Yes 5 (2.4) < 0.001 

No 200 (97.6) 

Fever in the past 30 days Yes 72 (35.1) < 0.001 

No 133 (64.9) 

Symptoms of meningitis Yes 109 (53.2) 0.402 

No 96 (46.8) 

Antibiotic usage Yes 38 (18.5) < 0.001 

No 167 (81.5) 

Table 3. Univariate logistic regression model for factors that associate with carriage of potential meningitis-

causing bacteria. 

Covariate n OR 95% CI p-value 

Age groups (18 – 23 years) 79 (Ref) (Ref) (Ref) 

24 – 29 years 55 1.66 0.83 – 3.33 0.152 

30 – 35 years 24 1.19 0.48 – 2.98 0.703 

above 35 years 47 1.61 0.78 – 3.34 0.199 

Gender Male 199 (Ref) (Ref) (Ref) 

Female 6 1.86 0.33 – 10.41 0.478 

Knowledge of Meningitis No 109 (Ref) (Ref) (Ref) 

Yes 96 1.16 0.67 – 2.01 0.596 

Symptoms No 96 (Ref) (Ref) (Ref) 

Yes 109 0.74 0.42 – 1.28 0.276 

Antibiotic Treatment No 167 (Ref) (Ref) (Ref) 

Yes 38 1.74 0.84 – 3.58 0.137 

Education Basic 136 (Ref) (Ref) (Ref) 

Post-basic 69 2.24 1.23 – 4.08 0.008 

Incarceration Period Less than five years 179 (Ref) (Ref) (Ref) 

At least five years 26 4.54 1.64 – 12.58 0.004 
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Table 4. Multivariate logistic regression model for factors that associate with carriage of meningitis-causing 

bacteria. 

Independent variable n Model 

χ2 (df) 

p-

value 

Psuedo-

R2 

OR 95% CI p-

value 

14.728 

(2) 

0.001 .092 

Education Basic 136 (Ref) (Ref) (Ref) 

Post-basic 69 1.91 1.03 – 3.55 0.040 

Incarceration 

Period 

(< five 

year) 

179 (Ref) (Ref) (Ref) 

≥ five 

years 

26 3.81 1.35 – 10.74 0.011 

Table 5. Antimicrobial susceptibility tests 

Bacteria Antibiotic Sensitivity 

Sensitive 

S. aureus Ampicillin 2 (25%) 

Chloramphenicol 4 (50%) 

Ciprofloxacin 6 (75.0%) 

Cotrimoxazole 7 (87.5%) 

Erythromycin 5 (62.5%) 

Penicillin 2 (25%) 

Clindamycin 7 (87.5%) 

Oxacillin 6 (75.0%) 

Cefoxitin 8 (100%) 

Clindamycin 4 (50%) 

S. pneumoniae Chloramphenicol 1 (100%) 

Cotrimoxazole 0 (0.0%) 

Erythromycin 1(100%) 

Tetracycline 0 (0.0%) 

Penicillin 0 (0.0%) 

Clindamycin 1 (100%) 

Figure 1. Carriage of potential meningitis-causing bacteria among the study participant. More than half, 52.2% 

of the participants carried at least one of Neisseria spp., S. aureus or S. pneumoniae. 
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Discussion 

Growing evidence suggests the expansion 

of the bacterial aetiology of meningitis in sub-

Saharan Africa despite the success chalked after the 

introduction of the pneumococcal and 

meningococcal vaccination programs [6]. 

Considering the geographic and age group 

disparities of bacterial meningitis across the world, 

frequent surveillance of at-risk populations is 

essential for tailored strategies in reducing the 

burden of meningitis. In light of this, our study 

screened male inmates and officers in a Ghanaian 

prison, following suspected and sporadic outbreaks 

in the country in 2016 and 2017 [5]. In general, 

healthcare delivery in prisons in developing 

countries are deplorable, as infirmaries are usually 

underequipped. 

In as much as specific Neisseria species 

were not identified in this study, recent studies have 

pointed out the role of Neisseria commensal in 

conferring virulence in N. meningitidis through 

horizontal genetic transfer (HGT). Clemence et al. 
17 showed in their study that polysaccharide capsule 

genes, previously thought to be unique to 

meningococci, are present in non-pathogenic 

Neisseria. Furthermore, Calder et al. [18] in their 

study reported the presence of numerous ‘virulence 

genes’ within the commensal species. Virulence 

factors in these non-pathogenic commensals are 

likely to contribute to the burden of meningococcal 

disease as HGT has been shown to be responsible 

for uptake by meningococcal species. In addition, 

quinolone resistance in N. meningitidis has been 

described in the same HGT fashion from three 

commensal Neisseria spp. [19]. 

The paucity of data on prison health 

especially in this part of the world makes findings of 

this study revealing and deserving of some attention. 

Carriage of potential meningitis-causing was 

identified in more than half, 107 (52.2%) of the 

participants with Neisseria spp. being predominant 

with 95.3% of total carriage. Soeters et al. [4] 

investigated the epidemiology of bacterial 

meningitis in the meningitis belt and found N. 

meningitidis responsible for the majority (56%) of 

all confirmed cases, followed by S. pneumoniae 

with 40%. The shift in carriage identified in this 

study needs to be further investigated to delineate 

the landscape of bacterial meningitis in Ghana. 

While participants with post-basic 

education were nearly twice as likely to carry 

potential meningitis-causing bacteria, at least five 

years of incarceration was associated with nearly 

four times likelihood. The association with 

education may be inexplicable. However, prolonged 

stay in correctional facilities that are usually 

overcrowded is likely to contribute to the risk of 

carriage and developing disease there off [13]. 

Multiple carriages of meningitis-causing bacteria, 

Neisseria spp. and S. aureus, was present in 4 (2%) 

of participants. Contrary to this, Khan et al. 20 in 

their study found coagulase-negative staphylococci 

to be predominant among patients with bacterial 

meningitis. However, these commensals may be 

opportunistic and have been found to influence S. 

aureus colonisation and disease [21]. The relatively 

low prevalence of S. pneumoniae may point to the 

reduced burden of pneumococcal meningitis in 

Ghana. 

Following the MenAfriVac program 

against N. meningitidis serogroup A, the incidence 

of bacterial meningitis in the meningitis belt reduced 

considerably [7]. However, there seems to be 

selective pressure for serogroups C and W in recent 

years as these have been implicated in sporadic 

outbreaks in recent years [7,22]. A retrospective 

study in Qatar by Hamed et al. [23] also identified 

N. meningitidis W135 as the commonest serogroup 

after molecular characterisation of N. meningitidis. 

Although this study only looked at the carriage of 

potential meningitis-causing bacteria, the outlook 

showed increased carriage of Neisseria spp. 

However, it important to establish that not all 

Neisseria spp. cause meningitis, since many are 

commensals in the oropharynx suggesting the need 

for further extensive molecular approaches to 

differentiate between commensal Neisseria and 

Neisseria causing meningitis. 

This is of public health concern and calls 

for renewed and improved efforts towards 

multivalent meningococcal vaccine programs 

especially among at risk populations. 

Antimicrobial tests showed high resistance 

of S. aureus to Ampicillin (87.5%), 

Chloramphenicol (87.5%), and Penicillin (87.5%). 

However, these isolates were sensitive to Cefoxitin 

(100%) Cotrimoxazole (87.5%), Clindamycin 

(87.5%), Ciprofloxacin (75.0%), Oxacillin (75.0%), 

and Erythromycin (62.5%). Interestingly, there was 

no MRSA isolated, and may be due to the relatively 

low antibiotic usage in the prison and the low 

number of isolates. The S. pneumoniae isolated was 

resistant to cotrimoxazole, tetracycline and 
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penicillin and sensitive to chloramphenicol, 

erythromycin and clindamycin. Considering the 

increasing burden of antimicrobial resistance, the 

need for deepened antibiotic stewardship cannot be 

overemphasised [24]. Although one may argue the 

restricted nature of prisons and reduced access to 

medication, smuggling and substance abuse is not 

uncommon [13]. On the other hand, and with 

regards to prison health, an informal interview with 

the health personnel at the prison infirmary revealed 

that healthcare within the walls relies heavily on 

donations. 

Conclusions 

This study showed high carriage of potential 

meningitis-causing bacteria viz: Neisseria spp., S. 

aureus and S. pneumoniae) with multiple carriages 

in a Ghanaian prison. Education level and years of 

incarceration were associated with carriage. 

Bacterial meningitis remains a global challenge and 

in prisons where inmates live in close quarters that 

are overcrowded, pragmatic and proactive measures 

are needed to prevent outbreaks of such infectious 

diseases. Multivalent meningococcal conjugate 

vaccine is key to the prevention and control of 

meningococcal meningitis among at risk 

populations in the meningitis belt. 
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