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Abstract: 

 

 Background:  

Staphylococcus aureus carriage is a major risk factor for invasive infections in children with sickle cell anaemia (SCA). 

The optimal sampling site for comprehensive carriage detection in this high-risk population remains undefined. We 

compared nasopharyngeal versus anterior nares sampling for S. aureus and methicillin-resistant S. aureus (MRSA) 

detection. 

 

 Methods:  

This comparative cross-sectional study enrolled 100 children with SCA (aged 1-14 years) attending two tertiary facilities 

in Kano, Nigeria. Paired nasopharyngeal and anterior nares swabs were collected from each participant and processed using 

standard microbiological methods. Using combined results from both sites as the reference standard, detection rates, 

concordance (Cohen's kappa), and sensitivity for each sampling method were calculated. 

 

 Results:  

Overall S. aureus carriage was 48.0% (48/100). Nasal sampling detected 41.0% (41/100) versus 38.0% (38/100) for 

nasopharyngeal sampling (p=0.66). Concordance between sites was moderate (kappa = 0.58, 95% CI 0.43-0.73). Nasal 

sampling demonstrated a sensitivity of 85.4% (95% CI 72.2-93.9%) and specificity of 100%, while nasopharyngeal sampling 

showed 79.2% (95% CI 65.0-89.5%) sensitivity and 98.1% specificity. Combined sampling increased detection by 17.1% 

over nasal alone. MRSA prevalence was 7.0% (7/100), with similar detection rates between sites. Nasal sampling was better 

tolerated (12% vs 28% discomfort, p=0.006). 

 

 Conclusion:  

Neither sampling site alone detects all S. aureus carriers among children with SCA. For research and comprehensive 

clinical assessment, combined nasopharyngeal and nasal sampling is recommended. For routine screening in resource-

limited settings, nasal sampling alone provides acceptable sensitivity (85%) and superior tolerability. 
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I. INTRODUCTION 

 
Staphylococcus aureus is a leading cause of morbidity 

and mortality in children with sickle cell anaemia (SCA) 

worldwide [1,2]. In Nigerian paediatric SCA populations, S. 

aureus accounts for 23-33% of culture-positive infections, 

including bacteraemia, osteomyelitis, and pneumonia [3-5]. 

The emergence of methicillin-resistant S. aureus (MRSA) has 

further complicated clinical management, with these strains 

exhibiting resistance to all beta-lactam antibiotics and 

frequently demonstrating multidrug resistance [6]. 

 

Nasal carriage of S. aureus is a well-established risk 
factor for subsequent invasive infection, and colonised 

individuals serve as important reservoirs for transmission 

[7,8]. The anterior nares are considered the primary ecological 

niche for S. aureus, and most carriage surveillance studies 

have focused on this site [9]. However, accumulating evidence 

suggests that S. aureus can colonise multiple upper respiratory 

sites, including the nasopharynx and oropharynx, with 

variable site-specific carriage rates across populations [10]. 

 

The nasopharynx deserves particular attention as the 

portal of entry for respiratory pathogens and the site from 

which organisms may ascend to cause sinusitis and otitis 
media or descend to cause pneumonia [11]. Additionally, the 

nasopharynx is a dynamic microbial ecosystem where 

bacterial interference among species, including Streptococcus 

pneumoniae, influences colonisation dynamics [12]. The 

introduction of Pneumococcal conjugate vaccines (PCV) has 

altered nasopharyngeal microbial composition, with some 

studies reporting increased S. aureus carriage following PCV 

implementation [13,14]. 

 

For children with SCA, who experience functional 

asplenia and increased susceptibility to bacterial infections, 
the optimal sampling strategy for S. aureus carriage 

assessment has not been systematically evaluated. This 

knowledge gap has important implications: epidemiological 

surveillance studies across Africa have employed inconsistent 

sampling methods [15-18], rendering direct comparisons 

difficult; decolonisation protocols targeting only the anterior 

nares may fail if a substantial proportion of children harbour S. 

aureus exclusively in the nasopharynx [19]; and infection 

control efforts in outbreak settings require maximising carrier 

detection to prevent transmission [20]. 

 

Previous comparative studies have yielded inconsistent 
results. In general adult populations, nasal sampling is often 

considered sufficient for S. aureus detection [21], but 

paediatric studies suggest nasopharyngeal sampling may 

identify additional carriers [22,23]. In HIV-infected children, 

nasopharyngeal sampling detected 15% more carriers than 

nasal sampling alone [24]. No study to date has directly 

compared sampling sites specifically in children with SCA. 

This study therefore aimed to: (1) compare S. aureus and 

MRSA detection rates between paired nasal and 
nasopharyngeal swabs in children with SCA; (2) determine the 

sensitivity and specificity of each sampling site using 

combined results as reference; and (3) evaluate the 

incremental yield and clinical implications of combined-site 

sampling. 

 

II. MATERIALS AND METHODS 

 

 Study Design and Setting 

A comparative cross-sectional study was conducted from 

September to December 2024 at two healthcare facilities in 
Kano, Nigeria: Aminu Kano Teaching Hospital (AKTH) and 

Khalifa Sheikh Isiyaka Rabiu Paediatric Hospital (KSIRPH). 

The study followed the Standards for Reporting Diagnostic 

Accuracy (STARD) guidelines [25]. 

 

Kano State is the most populous state in Nigeria, with 

approximately 14 million residents, of whom 47% are children 

under 15 years [26]. AKTH is a 700-bed tertiary hospital 

serving as the main referral centre for Kano and five 

neighbouring states, with a paediatric sickle cell clinic of 

approximately 1,500 registered children. KSIRPH is a state-

owned secondary paediatric facility with a sickle cell clinic 
serving approximately 160 registered children. 

 

 Study Population 

We included children aged 1-14 years with confirmed 

haemoglobin SS phenotype attending the sickle cell clinics at 

AKTH and KSIRPH. All participants were required to be in 

steady state at recruitment, defined as the absence of acute 

illness, pain, fever, acute chest syndrome, or other SCA-

related complications, and no blood transfusion in the 

preceding four weeks [27]. 

 

 Inclusion criteria: age 1-14 years; confirmed haemoglobin 

SS phenotype; steady state; parental/guardian written 

informed consent; written assent from children aged ≥7 

years. 

 Exclusion criteria: systemic antimicrobial use (other than 

penicillin V prophylaxis) within three months; known 

immunosuppressive conditions (HIV, malignancies, 

chronic corticosteroids); hospitalisation within two weeks; 

acute illness at recruitment; refusal of either sampling 

procedure; anatomical nasal abnormalities precluding safe 

swab insertion. 
 

 Sample Size Determination 

Sample size was calculated to detect a 15% difference in 

detection rates between sampling sites, based on previous 

studies showing 10-20% incremental yield from multi-site 

sampling [24,40]. Assuming a baseline carriage rate of 45% 

[17] with 80% power and α=0.05 (two-tailed), a minimum of 
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89 participants was required. To account for potential 

dropouts, we enrolled 100 children. 

 

 Sampling Strategy 

Consecutive sampling was employed. All eligible 

children presenting during the study period were invited to 

participate until the target sample size was reached. 

Proportional allocation was used based on registered children 
at each site: 90 from AKTH and 10 from KSIRPH. 

 

 Sample Collection Procedures 

Each participant underwent two sampling procedures in 

random order (computer-generated random sequence). All 

samples were collected by two trained paediatric research 

assistants. 

 

 Nasal swab: A sterile cotton swab moistened with sterile 

normal saline was inserted approximately 1-2 cm into the 

anterior naris and rotated gently against the nasal mucosa 
for 5 seconds, completing five full rotations. The same 

swab was sampled from the other nostril using an identical 

technique [28]. 

 Nasopharyngeal swab: With the child's head slightly tilted 

backwards, a sterile flexible minitip swab (Kingphar 

Medical Group) moistened with sterile normal saline was 

inserted through the nostril along the nasal floor until 

resistance was felt (posterior nasopharyngeal wall). The 

swab was rotated 180 degrees twice and left in place for 

10-15 seconds before withdrawal. The same swab sampled 

the other nostril [29,30]. 

 
Swabs were placed immediately in separate labelled 

containers with Stuart's transport medium (Micropoint 

Bioscience, Inc) and transported to the Microbiology 

Laboratory of AKTH within three hours. 

 

 Laboratory Procedures 

 

 Isolation and identification: Swabs were inoculated onto 

Mannitol Salt Agar (Oxoid Ltd, Basingstoke, UK) and 

incubated aerobically at 35°C for 24-48 hours. Yellow 

colonies (mannitol fermenters) were subcultured onto 
blood agar. Gram-positive cocci in clusters showing 

catalase and coagulase production (tube coagulase test 

with rabbit plasma) were identified as S. aureus [31]. 

 MRSA identification: Antimicrobial susceptibility testing 

was performed by Kirby-Bauer disk diffusion on Mueller-

Hinton agar following Clinical and Laboratory Standards 

Institute (CLSI) guidelines [32]. Cefoxitin (30 µg) disks 

were used; isolates with inhibition zone ≤21 mm were 

phenotypically classified as MRSA [33]. Additional 

susceptibility testing was performed for erythromycin, 

clindamycin (including D-zone test), trimethoprim-
sulfamethoxazole, tetracycline, and vancomycin (by E-

test). 

 Quality control: S. aureus ATCC 25923 (MSSA) and 

ATCC 43300 (MRSA) were used as quality control strains. 

Laboratory personnel were blinded to participant clinical 

data and to the results of the paired sample from the other 

anatomical site. 

 Data Collection 

Demographic and clinical data were collected using a 

structured questionnaire: age, sex, ethnicity, socioeconomic 

status (modified Oyedeji classification [34]), PCV vaccination 

status (verified from vaccination cards), penicillin V 

prophylaxis, hospitalisation in the past year, and antibiotic use 

in the past year (excluding prophylaxis). Tolerability of each 

sampling procedure was assessed immediately after collection 
using a 3-point scale (no discomfort, mild discomfort, 

significant discomfort/pain). 

 

 Statistical Analysis 

Data were analysed using IBM SPSS version 25.0 (IBM 

Corp., Armonk, NY, USA). Descriptive statistics were 

summarised as frequencies and percentages. 

 

 Comparison of detection rates: McNemar's test for paired 

proportions compared detection rates between sites. 

 Concordance: Agreement between sites was assessed 
using Cohen's kappa coefficient with 95% confidence 

intervals, interpreted per Landis and Koch [35]: <0.20 

poor, 0.21-0.40 fair, 0.41-0.60 moderate, 0.61-0.80 

substantial, 0.81-1.00 almost perfect. 

 Diagnostic accuracy: Using combined results from both 

sites as the reference standard for true carriage (a child 

positive at either site considered a true carrier), we 

calculated sensitivity, specificity, positive predictive value 

(PPV), and negative predictive value (NPV) for each 

sampling site with 95% confidence intervals (Wilson score 

method). We acknowledge that this reference standard is 
imperfect, as it may miss carriers at other body sites and 

cannot distinguish true colonisation from contamination, 

but it represents the best available approach for comparing 

sampling methods [51]. 

 Incremental yield: Additional detection from combined 

sampling was calculated as: (combined positives - site-

specific positives) / combined positives × 100%. The 

Number needed to screen (NNS) with the additional site to 

detect one extra carrier was calculated as 1 / (incremental 

yield). 

 Subgroup analyses: Detection rates were compared by age 

group (<5, 5-9, 10-14 years) and sex using Chi-square test. 
These analyses were exploratory; therefore, p-values were 

not adjusted for multiple testing, and findings should be 

interpreted cautiously. 

 

Statistical significance was set at p<0.05 (two-tailed). 

Complete data were available for all participants; no 

imputation was required. 

 

 Ethical Considerations 

Ethical approval was obtained from the Health Research 

Ethics Committee of Aminu Kano Teaching Hospital (Ref: 
AKTH/HREC/2023/089) and the Kano State Ministry of 

Health (Ref: MOH/HREC/2023/112). The study was 

conducted in accordance with the Declaration of Helsinki. 

Written informed consent was obtained from 

parents/guardians, and written assent from children aged ≥7 

years. Participants with culture-proven S. aureus carriage 
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were prescribed intranasal 2% mupirocin twice daily for five 

days for decolonisation. 

 

III. RESULTS 

 

 Participant Characteristics 

A total of 100 children with SCA were enrolled in the 

study.   All participants completed both sampling procedures 

and were included in the final analysis. The mean age was 7.3 

± 3.5 years (range 1-14 years). Females comprised 55.0% 

(55/100). The majority were of Hausa ethnicity (95.0%) and 

from a lower socioeconomic class (93.0%). Table 1 presents 

participant characteristics. 

 

 

Table 1 Baseline Characteristics of Children with Sickle Cell Anaemia (N=100) 

Characteristic Category n % 

Age group <5 years 27 27.0 

 5-9 years 42 42.0 

 10-14 years 31 31.0 

Sex Male 45 45.0 

 Female 55 55.0 

Ethnicity Hausa 95 95.0 

 Other 5 5.0 

Socioeconomic class Lower 93 93.0 

 Middle/Upper 7 7.0 

PCV vaccination (≥3 doses) Yes 83 83.0 

Penicillin V prophylaxis Yes 84 84.0 

Hospitalisation (past year) Yes 51 51.0 

Antibiotic use (past year)* Yes 69 69.0 

*Excluding Penicillin V Prophylaxis 

 

 Detection Rates by Sampling Site 

Using combined results from both sites, S. aureus was 

detected in 48.0% (48/100) of children (95% CI 38.0-58.2%). 

 

Nasal sampling detected S. aureus in 41.0% (41/100, 

95% CI 31.5-51.2%). Nasopharyngeal sampling detected S. 

aureus in 38.0% (38/100, 95% CI 28.7-48.3%). The 

difference was not statistically significant (McNemar's test, 

p=0.66). Table 2 presents the cross-tabulation of results. 

 

Table 2 Cross-Tabulation of S. aureus Detection by Sampling Site 

 Nasopharyngeal Positive Nasopharyngeal Negative Total 

Nasal Positive 31 10 41 

Nasal Negative 7 52 59 

Total 38 62 100 

 
 Concordance Between Sampling Sites 

Overall agreement was 83.0% (83/100): 31 both 

positive, 52 both negative. Discordant results occurred in 

17.0% (17/100): 10 positives only by nasal swab, 7 positives 

only by nasopharyngeal swab. 

 

The kappa coefficient was 0.58 (95% CI 0.43-0.73), 

indicating moderate agreement [35]. 

 

 Diagnostic Accuracy 

Using combined results of both sampling sites as 

reference (48 true carriers, 52 true non-carriers), Table 3 

presents test characteristics for each sampling site. 

 

Table 3 Diagnostic Accuracy of Nasal and Nasopharyngeal Sampling for S. aureus Detection 

Parameter Nasal Sampling Nasopharyngeal Sampling 

True positives 41 38 

False negatives 7 10 

True negatives 52 51 

False positives 0 1* 

Sensitivity (%, 95% CI) 85.4 (72.2-93.9) 79.2 (65.0-89.5) 

Specificity (%, 95% CI) 100 (93.2-100) 98.1 (89.7-99.9) 

PPV (%, 95% CI) 100 (91.4-100) 97.4 (85.8-99.9) 

NPV (%, 95% CI) 88.1 (78.6-93.8) 83.6 (74.6-89.9) 

 

*Using combined-site results as reference, the child 

positive only by nasopharyngeal swab is classified as a true 
positive for nasopharyngeal sampling. The false positive 

count shown reflects an alternative classification and is not 

applicable to our primary analysis. 
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 MRSA Detection 

MRSA was detected in 7.0% (7/100) of children (95% 

CI 3.0-14.0%). Among the 7 MRSA carriers, 5 (71.4%) were 

male, with mean age 5.7 ± 2.8 years. All MRSA isolates were 

susceptible to vancomycin and trimethoprim-

sulfamethoxazole; 4 (57.1%) exhibited inducible 

clindamycin resistance. 

 

 By Sampling Site: 

 

 Nasal sampling: 6.0% (6/100) 

 Nasopharyngeal sampling: 5.0% (5/100) 

 Four children (4.0%) were positive at both sites 

 Two positives only by nasal swab 

 One positive only by nasopharyngeal swab 

 

Sensitivity for MRSA detection (using combined sites 

as reference) was 85.7% (6/7, 95% CI 42.1-99.6%) for nasal 

sampling and 71.4% (5/7, 95% CI 29.0-96.3%) for 

nasopharyngeal sampling. These estimates are imprecise due 

to small numbers. 

 

 Incremental Yield of Combined Sampling 

Compared to nasal sampling alone (41 carriers), adding 

nasopharyngeal sampling detected an additional 7 carriers, 

increasing detection by 17.1%. Number needed to screen 

(NNS) with nasopharyngeal swab in addition to nasal swab to 
detect one extra carrier: 14.3. 

 

Compared to nasopharyngeal sampling alone (38 

carriers), adding nasal sampling detected an additional 10 

carriers, increasing detection by 26.3%. NNS with nasal swab 

in addition to nasopharyngeal swab: 10.0. 

 

 Subgroup Analyses 

 

Table 4 Detection Rates by Age Group and Sampling Site 

Age Group n Nasal Positive n (%) Nasopharyngeal Positive n (%) Combined Positive n (%) 

<5 years 27 9 (33.3) 8 (29.6) 11 (40.7) 

5-9 years 42 19 (45.2) 17 (40.5) 22 (52.4) 

10-14 years 31 13 (41.9) 13 (41.9) 15 (48.4) 

 

No significant differences in detection rates were 

observed between age groups or by sex (data not shown). 

These exploratory analyses were underpowered for definitive 

conclusions. 

 

 Tolerability and Practical Considerations 

All 100 children completed both procedures. 

Discomfort (mild or significant) was reported by 12.0% 

(12/100) for nasal sampling versus 28.0% (28/100) for 
nasopharyngeal sampling (p=0.006). No significant adverse 

events occurred. Mean sampling time was 30 seconds (range 

20-45) for nasal versus 75 seconds (range 45-120) for 

nasopharyngeal swabs. 

 

Processing samples from both sites required 

approximately double the laboratory resources compared to a 

single site. The estimated incremental cost per additional 

carrier detected by adding nasopharyngeal to nasal sampling 

was approximately ₦4,200 (~$5.60 USD) based on local 

consumables and personnel costs (excluding overheads and 

equipment depreciation). 
 

IV. DISCUSSION 

 

This direct comparison of nasal and nasopharyngeal 

sampling for S. aureus detection in children with SCA 

yielded five key findings: (1) overall carriage prevalence of 

48.0%; (2) nasal sampling detects slightly more carriers than 

nasopharyngeal sampling (41.0% vs 38.0%), though the 

difference is not significant; (3) concordance between sites is 

moderate (kappa 0.58), with 17% discordance; (4) nasal 

sampling demonstrates acceptable sensitivity (85.4%) and 
excellent specificity (100%); and (5) combined sampling 

increases detection by 17% over nasal alone. 

 

The 48.0% carriage prevalence in our cohort is within 

the range reported in other sub-Saharan African SCA studies 

(33.3-57.9%) [15,17]. Variation likely reflects differences in 

population characteristics, antibiotic exposure, and laboratory 

methods. Our 7.0% MRSA prevalence aligns with the 5-10% 

range from recent Nigerian studies [36,37]. 

 

The finding that nasal sampling detects slightly more 

carriers aligns with the anterior nares being the primary S. 
aureus niche [9]. 

 

 Our observed nasal sampling sensitivity (85.4%) is 

consistent with a Dutch study in healthy adults, where nasal 

sampling detected 84% of carriers identified by multi-site 

sampling [40]. In HIV-infected Ghanaian children, Donkor et 

al. found nasopharyngeal sampling detected 44.9% carriers 

versus 41.0% by nasal sampling [24], similar to our pattern. 

 

The moderate concordance (kappa = 0.58) is 

comparable to other paediatric populations [41] and indicates 

that the two sites are not interchangeable. Discordant results 
may arise from true biological variation (site-specific 

colonisation due to local host factors [42,43]), sampling 

technique variation [44], density-dependent detection [45], or 

temporal variation [46]. The finding that 20.8% of carriers 

were positive only by nasal swab and 14.6% only by 

nasopharyngeal swab highlights the limitation of single-site 

sampling. 

 

Routine clinical screening: In resource-limited settings, 

nasal sampling alone provides acceptable sensitivity (85%) 

and is simpler, faster, and better tolerated. The 15% false-
negative rate means approximately 1 in 7 carriers will be 

missed—acceptable for population surveillance but 

potentially problematic for individual patient decisions. 
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When clinical suspicion is high despite a negative nasal swab, 

clinicians should consider nasopharyngeal sampling. 

 

Decolonisation protocols: Standard intranasal 

mupirocin targets the anterior nares. Our finding that 14.6% 

of carriers harbour S. aureus exclusively in the nasopharynx 

raises the hypothesis that standard decolonisation may fail in 

these individuals, warranting investigation in prospective 
decolonisation studies [47]. If confirmed, enhanced protocols 

incorporating nasopharyngeal decontamination (e.g., 

chlorhexidine mouthwash) may be necessary [48]. 

 

Research studies: Sampling site significantly affects 

carriage prevalence estimates. Studies using only nasal 

sampling would report 41% prevalence, those using only 

nasopharyngeal sampling 38%, while the true prevalence (by 

combined sampling) is 48%. This 7-10 percentage point 

difference must be considered when comparing studies using 

different methods. Meta-analyses should incorporate the 

sampling method as a potential source of heterogeneity. 

 

Infection control and MRSA surveillance: In outbreak 

investigations where maximising carrier detection is critical, 
combined multi-site sampling should be standard practice 

[49]. The finding that 3 of 7 MRSA carriers would have been 

missed by single-site sampling underscores the importance of 

comprehensive sampling for accurate MRSA surveillance, 

given the clinical significance of MRSA in SCA. 

 

 Recommended Sampling Strategy 

 

Table 5 Recommended Sampling Strategy for S. aureus Carriage Assessment in Children with SCA 

Context Recommended Sampling Rationale 

Research prevalence studies Combined nasal + nasopharyngeal Most accurate estimate 

Routine clinical screening Nasal alone 85% sensitivity, better tolerated 

Pre-decolonisation assessment Combined Maximise detection of persistent carriage 

Outbreak investigation Combined Comprehensive carrier detection 

MRSA surveillance Combined Enhanced detection given clinical significance 

 

This study is, to our knowledge, the first to directly 

compare nasal and nasopharyngeal sampling specifically in 
children with SCA in Kano, Nigeria. The paired sampling 

design eliminates inter-individual variation as a confounder. 

The sample size (100) was adequately powered for primary 

comparisons. We used standardised, reproducible 

microbiological methods with rigorous quality control and 

assessed multiple outcomes, including diagnostic accuracy, 

concordance, incremental yield, and tolerability. 

 

V. LIMITATIONS 

 

This study has several limitations. First, sampling was 
performed at a single time point, and therefore the temporal 

stability of Staphylococcus aureus carriage could not be 

assessed. Some discordant results between nasal and 

nasopharyngeal samples may therefore reflect intermittent 

carriage rather than true site-specific colonisation. Second, 

quantitative cultures and molecular typing were not 

performed, limiting the ability to evaluate bacterial density 

and determine whether isolates recovered from different 

anatomical sites represented identical strains. Third, the 

reference standard used in this study—combined nasal and 

nasopharyngeal results—is imperfect, as S. aureus may 

colonise other unsampled sites such as the oropharynx [53] or 
skin, potentially leading to misclassification of some carriers. 

Fourth, the study was conducted during a single season 

(September–December), and seasonal variation in S. aureus 

carriage has been reported in some settings. [52].  Fifth, 

participants were recruited from hospital clinics, and the 

predominance of Hausa ethnicity and lower socioeconomic 

status among participants may limit the generalisability of the 

findings to more diverse populations. Finally, oropharyngeal 

sampling was not included and the number of MRSA carriers 

was relatively small, limiting the precision of MRSA-specific 

analyses and the ability to perform detailed subgroup 
analyses. 

Despite these limitations, this study provides the most 

comprehensive evidence to date on optimal sampling 
strategies for S. aureus carriage assessment in children with 

SCA. 

 

VI. CONCLUSIONS 

 

This study demonstrates that neither nasal nor 

nasopharyngeal sampling alone detects all S. aureus carriers 

among children with SCA in Nigeria. Nasal sampling detects 

slightly more carriers (41% vs 38%) with acceptable 

sensitivity (85.4%) and is better tolerated. Combined 

sampling increases detection by 17% and should be preferred 
for research, decolonisation assessment, and outbreak 

investigations. For routine screening in resource-limited 

settings, nasal sampling alone provides a pragmatic balance 

of sensitivity, tolerability, and cost-effectiveness. These 

findings have important implications for prevalence studies, 

decolonisation protocols, infection control practices, and 

clinical care in this high-risk paediatric population. 
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