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ABSTRACT

Background: Staphylococcus aureus nasopharyngeal colonization is common in all age group and genetic evidences 
have supported the causal pathway between S. aureus carriage and invasive disease. Nasopharyngeal colonization with 
S. aureus is dependent on a number of factors being responsible for the gain and loss of carriage. Thus, this study 
aimed to review global nasopharyngeal carriage of S. aureus and its antimicrobial resistance pattern among healthy 
people. 

Methods: Electronic data bases searches of literature was conducted on PubMed, Google Scholar, Cochrane library, 
Embase, Hinari, Scopus, and the Directory of Open Access Journals (DOAJ). Additionally the reference lists of all 
identified articles were scrutinized for potentially eligible studies. Only studies published in English from January 
2000 to July 2020 were considered. 

Results: Globally, the estimated pooled prevalence of nasopharyngeal carriage of S. aureus using the random effects 
model was 22%. The highest rate of nasopharyngeal carriage of S. aureus observed in Europe 25%, followed by 
studies in Asia and Africa which was 22% and 21%, respectively. On the other hand, the highest nasopharyngeal 
carriage of S. aureus was observed in the children with age range of 6-15 years that accounted 25%. The estimated 
pooled global nasopharyngeal carriage of methicillin resistant S. aureus (MERSA) was 13%, while the nasopharyngeal 
carriage of methicillin sensitive S. aureus (MSSA) was 81%. 

Conclusion: The present study showed that there is a high rate of nasopharyngeal carriage of S. aureus and MERSA 
among healthy people.
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ABBREVIATIONS

MRSA: Methicillin Resistant Staphylococcus Aureus; MSSA: 
Methicillin Sensitive Staphylococcus Aureus; PRISMA: Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses

BACKGROUND
Staphylococcus aureus nasopharyngeal colonization is common in all 
age group despite a difference in different age groups and genetic 
evidences have supported the causal pathway between S. aureus 
carriage and invasive disease [1]. Nasopharyngeal colonization with 
S. aureus is dependent on a number of factors being responsible for 
the gain and loss of carriage [2]. It is one of an identified risk factor 
for S. aureus invasive disease [3]. 

The prevalence of nasopharyngeal carriage of S. aureus multidrug 

resistant strains is growing worldwide, including methicillin 
resistant S. aureus (MRSA) [4,5]. Its invasive disease pose threat to 
public health [6]. Multidrug-resistant S. aureus strains, especially 
MRSA are responsible for a greater number of nosocomial 
infections which are tough to combat in humans [7]. Previously, 
MRSA was recognized as a nosocomial pathogen [8]. However, 
several studies have recently reported MRSA nasopharyngeal 
colonization in asymptomatic people, placing them as potential 
vectors of MRSA dissemination in the community [9].

Risk of consequent infection in a person colonized with S. aureus 
as well as MRSA upsurges with time and remains insistently 
increased [10]. S. aureus is a human pathogen that causes problems 
ranging from mild skin and soft tissue infections to severe systemic 
infections like sepsis and necrotizing pneumonia. 
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Various range of nasopharyngeal carriage of S. aureus among healthy 
people reported in different countries. Due to a wide variability 
between results from different countries and different studies 
regarding rate of nasopharyngeal carriage of S. aureus, particularly 
MRSA, a comprehensive understanding of prevalence of 
nasopharyngeal carriage of S. aureus and its antimicrobial resistance 
pattern is highly required. This will help to predict people with 
high risk of developing S. aureus invasive disease. Thus, this study 
aimed to review global nasopharyngeal carriage of S. aureus and its 
antimicrobial resistance pattern among healthy people.

MATERIALS AND METHODS

Study design 

This study was a systematic review and meta-analysis of global 
nasopharyngeal colonization of S. aureus and its antimicrobial 
resistance. Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines were employed for conducting 
this meta-analysis [11]. 

Data sources and search strategy 

The literature search was conducted from July 1-11/2020. We 
systematically searched PubMed, Google Scholar, Cochrane library, 
Embase, Hinari, Scopus, and the Directory of Open Access Journals 
(DOAJ) databases for articles published from 1 January 2000 to 
11 July 2020 2017. Additionally we also simultaneously searched 
the reference lists of all identified articles for potentially eligible 
studies. During literature search, terms relevant to nasopharyngeal 
carriage S. aureus, antimicrobial susceptibility, and MRSA were 
used (i.e., “nasopharyngeal colonization, nasopharyngeal carriage, 
nasal colonization, nasal carriage, antimicrobial resistance, 
Methicillin Resistant Staphylococcus aureus (MRSA), Staphylococcus 
aureus, S. aureus, America, Africa, Asia, Europe and Australia”. 
All identified keywords and mesh terms were combined using the 
“OR” operator and “AND” operator for searching literatures. Only 
studies published in English from January 2000 to July 2020 were 
included in the study. 

Eligibility criteria 

Inclusion criteria: In this meta-analysis, we included all studies 
that were conducted on nasopharyngeal carriage of S. aureus 
worldwide. Only articles published in English were included. 
Regarding S. aureus identification, studies that at least conducted 
cultural isolation and identification and other highly standardized 
techniques (ELISA, PCR, and other molecular techniques) were 
included. Observational studies except case study and case series, 
conducted on human originated nasopharyngeal samples were 
included in the study. Studies that conducted nasopharyngeal 
carriage among apparently healthy people were included in this 
study.

Exclusion criteria: Studies that used samples other than human 
origin and samples other than nasopharyngeal swab were excluded. 
In addition, studies that didn’t describe the standard microbial 
isolation and identification techniques and studies with no full 
information to calculate the prevalence S. aureus were excluded. 
Studies that conducted nasopharyngeal carriage among unhealthy 
people were excluded. 

Outcome of interest 

The major outcomes of interest were the prevalence of S. aureus in 
the nasopharynex of healthy people and its antimicrobial resistance 
pattern.

Quality assessment and critical appraisal 

Studies selected for inclusion were assessed for methodological 
quality by two team independent reviewers. In this meta-analysis, 
the qualities of each included studies were assessed by using a critical 
appraisal tool in systematic reviews for prevalence study; condition, 
context, and population (CoCoPop) [12,13]. The employed 
methods for isolation and identification of S. aureus were assessed 
based on eligibility criteria approved for inclusion of potentially 
eligible studies. Disagreements were resolved by consensus.

Data extraction 

Data were extracted by two teams of the investigator using a 
standardized data extraction form. Data from appropriate studies 
were pull out independently by teams of investigators and potted 
into an excel spreadsheet. Then the extracted data were merged for 
systematic analysis. The main outcomes extracted from each study 
were: the name of the author, publication year, study area, study 
population, total sample size, number of S. aureus isolates, drug 
resistance pattern, study design, and methods of identification 
of S. aureus. Additional findings extracted were participant’s 
demographic characteristics. Disagreements were discussed with 
other reviewers and subsequently resolved via consensus.

Data analysis and synthesis 

The extracted data were analyzed using R software version 3.6.1 
with user-contributed commands for meta-analyses: metaprop, 
metan, metainf, metabias, and metareg [11]. A random effect model 
was used to estimate the overall pooled prevalence of S. aureus and 
antimicrobial resistance pattern and this model was emphasized to 
due to heterogeneity between studies expected [14,15].

Risk of bias and sensitivity analysis 

Evidence for statistical heterogeneity of the results was assessed 
using the Cochrane Qx2 test and I2 statistic. A significance level 
of p<0.10 and I2>50% was interpreted as evidence of heterogeneity 
[16]. A potential source of heterogeneity was investigated by 
subgroup analysis and meta-regression analysis [17]. Where 
statistical pooling was not possible, the findings were presented 
in a narrative form including tables and figures to aid in data 
presentation where appropriate.

Sensitivity analyses were conducted to weigh up the relative 
influence of each individual study on the pooled effect size using 
a user-written function, metainf. The presence of publication bias 
was assessed informally by visual inspection of funnel plots [18].

Additional analysis 

Additional analysis conducted on associated demographic 
characteristics for nasopharyngeal colonization of S. aureus was 

conducted.

RESULTS

Selection and identification of studies 

A total of 1428 studies were identified through an electronic 
database search. Of these studies, 469 were excluded after reviewing 
their title and abstracts. About 332 duplicates articles were 
excluded. The other 276 articles were disregarded because they did 
not directly relate to the topic of interest i.e., not nasopharyngeal 
colonization of S. aureus. After methodological quality assessment, 
562 articles were excluded with reason. Finally, 60 articles were 
eligible for systematic review and meta-analysis (Figure 1). 
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Characteristics of included studies 

The studies were conducted from 2000 to 2020 in different 
countries in the world. Among 60 studies, 9 were conducted in 
America, 27 were in Europe, 10 were in Asia, 4 were in Australia 
and the other 10 studies were in Africa [19-73]. All of them were 
articles published in English. In addition, all studies enrolled in 
this meta-analysis conducted on apparently healthy individuals. In 
the included studies a total of 52, 544 participants were assessed 
for nasopharyngeal carriage of S. aureus and the total events of 
nasopharyngeal carriage of S. aureus were 10, 789. The highest rate 
of nasopharyngeal carriage of S. aureus reported by study conducted 
in Saud Arabia (89%) followed by study conducted in Belgium 
(86%) [41,51]. On the other hand the highest MERSA was reported 
by study conducted in German (54%) [50].

Nasal colonization of S. aureus 
Globally, the estimated pooled prevalence of nasopharyngeal 
carriage of S. aureus using the random effects model was 22% 
[95% CI 18%-26%] with significant heterogeneity between studies 
(I2=99%, p=0) (Figure 2). 

To assess the potential heterogeneity between studies, subgroup 
analysis by continent of the countries was conducted. Of the 62 
studies, the highest rate of nasopharyngeal carriage of S. aureus 
observed in Europe 25% [95% CI 19%-32%], I2=99%, p=0], 
followed by studies in Asia and Africa which was 22%, and 21%, 
respectively (Table 1). The least nasopharyngeal carriage of S. aureus 
observed in America that accounted 19%. 

Table 1: Nasopharyngeal carriage of S. aureus across the world.

Categories
Rate of 

nasopharyngeal 
carriage of S. aureus

95% CI

Age 

0-12 months 16% 7%-23%

1-5 years 22% 11%-40%

6-15 years 25% 17%-36%

>15 years 20% 16%-24%

Continents

Africa 21% 16%-28%

America 20% 16%-25%

Asia 22% 10%-40%

Australia 14% 6%-28%

Europe 25% 18%-32%

In this review we conducted subgroup analysis by year of publication 
categorizing in to five consecutives range of publication year. 
The highest rate of nasopharyngeal carriage of S. aureus seen in 
studies published from 2000-2005 which was 28% (95 CI: 21%-
37%, I2=98%, p<0.01). The least rate of nasopharyngeal carriage 
of S. aureus demonstrated in the year range of 2016-2020 which 
accounted 18% (95 CI: 12%-26%, I2=99%, p<0.01) (Figure 3).

Figure 1: Flow chart of the search and study inclusion.

Figure 2: Global nasopharyngeal carriage rate of Staphylococcus aureus..

Figure 3: Nasopharyngeal carriages of Staphylococcus aureus by year of 
publication.



4

Awulachew EW, et al. OPEN ACCESS Freely available online

J Bacteriol Parasitol, Vol. 11 Iss. 6 No: 1000383

According to the report of 18 studies, nasopharyngeal carriage of 
S. aureus in pediatrics children with the age group of 01-12 months 
was 16% (95 CI:7%-33%). The highest nasopharyngeal carriage of 
S. aureus was observed in the children with age range of 6-15 years 
that accounted 25% (95 CI: 17%-36%, p<0.01).

Antimicrobial resistance patterns of S. aureus 
According to the report of 24 included studies, from a total of 
4545 S. aureus isolates 532 isolates were MERSA. This made the 
estimated rate of nasopharyngeal carriage of methicillin resistant S. 
aureus (MERSA) was 13% [95 CI:6-27%, I2=99%, p<0.01) while the 
nasopharyngeal carriage of methicillin sensitive S. aureus (MSSA) 
was 81% (95% CI: 62%-92%, I2=99%, p<0.01). Methicillin 
resistant S. aureus (MERSA) found to be increasing in the last 15 
years. The highest nasopharyngeal carriage of MERSA observed 
in the last five years i.e., 2016-2020, which accounted 24% (95 
CI:13%-41%, I2=98, p<0.01) (Figure 4).

The subgroup analysis by the continent of the included studies, 
the highest rate of MRSA observed in Africa 31% (95 CI:19478%, 
I2=84%, p<0.01), followed by Asia 13% (95 CI:5%-30%, I2=96%, 
p<0.01). The prevalence of nasopharyngeal carriage of MERSA in 
America and Europe was 8% each. Antimicrobial resistance pattern 
of S. aureus isolated from nasopharynex of healthy people were 
listed (Table 2). The highest drug resistance was observed against 
penicillin (88%; 95 CI:83%-92%) followed by erythromycin (25%; 
95 CI:14%-41%). Nasopharyngeal carriage of vancomycin resistant 
S. aureus was about 0.4% (95 CI:0.1%-2%, I2=94%, p<0.01). 
Globally, the antimicrobial resistance rate of S. aureus isolated 
from nasopharynex of healthy people against ciprofloxacin, 
kanamycin, tobramycin, and gentamycin was 6%, 2%, 13%, and 
7%, respectively.
Table 2: Antimicrobial resistance of S. aureus Isolated from the nasopharynex 
of healthy people.

Antimicrobials 
Number of 

studies 
Resistance of S. 

aureus
95% CI

MERSA 24 13% 6%-25%

Penicillin 24 88% 83%-92%

Oxacillin 24 2% 1%-9%

Erythromycin 24 25% 14%-41%

Clindamycin 24 12% 5%-23%

Tetracycline 24 17% 6%-43%

Rifampicin 8 2% 1%-25%

Ciprofloxacin 5 6% 2%-17%

Ceftriaxone 5 7% 4%-14%

Trimethoprim-
sulphamethoxazole 

8 16% 4%-44%

Gentamycin 11 7% 2%-29%

Kanamycin 5 13% 2%-53%

Tobramycin 5 2% 1%-31%

Chloramphenicol 8 19% 5%-49%

Vancomycin 8 0.90% 0.1%-2%

Additional analysis

Antimicrobial resistance of S. aureus isolated from nasopharynex 
of healthy people showed that about 31% (95 CI:16-49%, I2=84%, 
p<0.01) of healthy people were carrier of multidrug resistant S. 
aureus in their nasopharynex. Multidrug resistance S. aureus was 
found to be increasing in the last 20 years. Subgroup analysis of 
by every consecutive five years ranges indicated that prevalence of 
nasopharyngeal carriage of multidrug resistant S. aureus was 19% in 
the year range of 2000-2005, 26% in the year range of 2006-2010, 
37% in the year range of 2011-2015 and 43% in the year range of 
2016-2020.

DISCUSSION 

Summary of evidence 

This systematic review is designed to synthesize published studies 
to provide recent point prevalence of nasopharyngeal carriage of S. 
aureus and its antimicrobial resistance in the last 20 years among 
healthy people of the world. A comprehensive understanding of 
nasopharyngeal carriage of S. aureus has become an important 
concept since the nasopharyngeal niche has been recognized as a 
reservoir for major pathogens and antibiotic resistance. The review 
found that nasopharyngeal carriage of S. aureus was frequent all 
over the world.

In the present study, we demonstrated that global nasopharyngeal 
carriage of S. aureus was about 22%. The highest carriage was 
observed in children with age ranges of 6-15 years (25%). On 
the other hand, the lowest nasopharyngeal carriage of S. aureus 
observed in individual aged greater than 15 years.

High rate of MERSA was observed over the last 15 years. Where 
the highest carriage of MERSA documented in the year range of 
2016-2020 (24%) This is one of cause of concerns for public health. 
Because the appearance and possible increase in the prevalence of 
MRSA isolates in the healthy people will be evidence for subsequent 
development of invasive staphylococcal disease and antimicrobial 
resistance. MERSA is big concern for developing countries where 
there is misuse of antimicrobials. The finding of this study also 
showed high rate of nasopharyngeal carriage of MERSA in Africa 
(31%) followed by Asia (13%). The emergence of MRSA strains 
outside hospitals among healthy people of the community indicated 
that the spread of MRSA from large hospitals to the community 
and/or due to an increased tendency in home therapy with early 
discharge of MRSA carriers may amplify this trend and contribute 
to the spread of MRSA from hospitals to the community at large. 

In the present study, vancomycin resistant S. aureus has been 
observed in about 0.4%. This could be due to wide spread use 
of vancomycin as a treatment of MERSA. This will pose a great 
challenge in the management of multidrug resistance S. aureus. The 
highest resistance was observed against penicillin (88%). Penicillin 
resistant S. aureus has long been described in the community. The 
proportion of S. aureus resistant to penicillin in combination with 

Figure 4: Nasopharyngeal carriage of MERSA in every consecutive 
five years ranges.
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erythromycin was much higher in the children less than 15 years. 
This is probably due to the increased use of antimicrobial drugs in 
children.

Nasopharyngeal carriage of multidrug resistance S. aureus was 
found to be increasing over the last 20 years. S. aureus resistant 
to three and more classes of drug was considered as multi drug 
resistant. In the present study, about 31% was multi drug resistant. 
The highest rate of multi drug resistance observed in the year range 
of 2016-2020 (43%).

Limitation 

However, this systematic review and meta-analysis came up 
nasopharyngeal carriage rate of S. aureus and its antimicrobial 
resistance; we acknowledge a few limitations of the present 
systematic review and meta-analysis, which may affect the results. 
First of all, we only considered nasopharyngeal sample which 
probably not preferred niche for S. aureus. This might underestimate 
prevalence of MERSA. The other limitation of the present study 
was that it was limited to articles published in English. Regardless 
of these limitations, we consider that this study contains valuable 
information on the evolution of nasopharyngeal carriage of S. 
aureus and its antibiotic resistance pattern among healthy people.

CONCLUSION

The present study showed that there is a high rate of nasopharyngeal 
carriage of S. aureus among healthy people, particularly highest rate 
of carriage observed in children aged between 6-15 years of age. 
In the current study, high rate of carriage of MERSA have been 
observed. In light of recent findings described, it seems prudent to 
continue to monitor the prevalence of MRSA in the community.

DECLARATIONS

Conflicts of interest 

There are no conflicts of interests to declare.

AVAILABILITY OF DATA AND MATERIALS 

All the datasets generated and analyzed during the review are 
included in this article.

AUTHOR’S CONTRIBUTION VAILABILITY OF 
DATA AND MATERIALS 

EA, KD, AA and FW designed the study, extracted, critically 
reviewed, and analyzed data and wrote the first draft of the 
manuscript, and approved the manuscript.

FUNDING SOURCE 

This manuscript was prepared independently without any funding 
support.

CONSENT FOR PUBLICATION 

Not applicable.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE 

Not applicable.

ACKNOWLEDGMENTS 

None

REFERENCES

1.	 Wertheim HFL, Melles DC, Vos MC, van Leeuwen W, van Belkum A, 
Verbrugh HA, et al. The role of nasal carriage in Staphylococcus aureus 
infections. Lancet Infect Dis. 2005;5(12):751-762. 

2.	 Lindsay JA, Moore CE, Day NP, Peacock SJ, Witney AA, Stabler RA. 
Microarrays reveal that each of the ten dominant lineages of Staphylococcus 
aureus has a unique combination of surface-associated and regulatory 
genes. J Bacteriol. 2006;188(2):669–676.

3.	 Kluytmans JA, Wertheim HF. Nasal carriage of Staphylococcus aureus and 
prevention of nosocomial infections. Infection. 2005;33(1):3-8.

4.	 Filippitzi ME, Goumperis T, Robinson T, Saegerman C. Microbiological 
zoonotic emerging risks, transmitted between livestock animals and 
humans (2007-2015). Transbound Emerg Dis. 2017;64(4):1059-1070. 

5.	 Pomba C, Rantala M, Greko C, Baptiste KE, Catry B, van Duijkeren E, et 
al. Public health risk of antimicrobial resistance transfer from companion 
animals. J Antimicrob Chemother. 2017;72(4):957-968.

6.	 Krziwanek K, Luger C, Sammer B, Stumvoll S, Stammler M, Metz-Gercek 
S, et al. PVL-positive MRSA in Austria. Eur J Clin Microbiol Infect Dis. 
2007;26(12):931-935.

7.	 Shittu AO, Lin J, Morrison D, Kolawole DO. The discovery of a multi-
resistant Characteristics of Streptococcus pneumoniae, Haemophilus influenzae, 
Moraxella catarrhalis and Staphylococcus clone in the hospital and community 
environment in south western Nigeria. Ostomy Wound Manage. 
2005;51(1):67-70.

8.	 Grundmann H, Aires-de-Sousa M, Boyce J, Tiemersma E. Emergence and 
resurgence of methicillin-resistant Staphylococcus aureus as a public-health 
threat. Lancet. 2006;368(9538):874-885.

9.	 Lu P-L, Chin L-C, Peng C-F, Chiang Y-H, Chen T-P, Ma L, et al. Risk factors 
and molecular analysis of community methicillin-resistant Staphylococcus 
aureus carriage. J Clin Microbiol. 2005;43(1):132-139.

10.	Gupta K, Martinello RA, Young M, Strymish J, Cho K, Lawler E. MRSA 
nasal carriage patterns and the subsequent risk of conversion between 
patterns, infection, and death. PLoS One. 2013;8(1):e53674.

11.	Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis JPA, 
et al. The PRISMA statement for reporting systematic reviews and meta-
analyses of studies that evaluate health care interventions: Explanation and 
elaboration. PLoS Med. 2009;6(7):e1000100.

12.	Munn Z, Moola S, Riitano D, Lisy K. The development of a critical appraisal 
tool for use in systematic reviews addressing questions of prevalence. Int J 
Health Policy Manag. 2014;3(3):123-128.

13.	Armstrong R, Waters E, Jackson N, Oliver S, Popay J, Shepherd J, et al. 
Guidelines for systematic reviews of health promotion and public health 
interventions. Melbourne University Australia. 2007.

14.	George BJ, Aban IB. An application of meta-analysis based on DerSimonian 
and Laird method. J Nucl Cardiol. 2016;23(1):690-692.

15.	Inthout J, Ioannidis J, Borm GF. The Hartung-Knapp-Sidik-Jonkman 
method for random effects meta-analysis is straightforward and 
considerably outperforms the standard DerSimonian-Laird method. BMC 
Med Res Methodol. 2014;14(1):25.

16.	Thompson SG, Sharp SJ. Explaining heterogeneity in meta-analysis: A 
comparison of methods. Stat Med. 1999;18(20):2693-2708.

17.	Cochran WG. The comparison of percentages in matched samples. 
Biometrika 1950;37(1):256-66.

18.	Egger M, Smith GD, Schneider M, Minder C. Bias in meta-analysis 



6

Awulachew EW, et al. OPEN ACCESS Freely available online

J Bacteriol Parasitol, Vol. 11 Iss. 6 No: 1000383

detected by a simple, graphical test. BMJ. 1997;315(7109):629-634.

19.	Cole AM, Tahk S, Oren A, Yoshioka D, Kim YH, Park A, et al. 
Determinants of Staphylococcus aureus nasal carriage. Clin Diagn Lab 
Immunol. 2001;8(6):1064-1069.

20.	Hassoun A, Huff MD, Weisman D, Chahal K, Asis E, Stalons D, et al. 
David Weisman PhD, et al. Seasonal variation of respiratory pathogen 
colonization in asymptomatic health care professionals: A single-center, 
cross-sectional, 2-season observational study. Am J Infect Control. 
2015;43(8):865-870.

21.	Shopsin B, Mathema B, Martinez J, Ha E, Campo ML, Fierman A, et al. 
Prevalence of methicillin-resistant and methicillin-susceptible Staphylococcus 
aureus in the community. J Infect Dis. 2000;182(1):359-362.

22.	Witzel CL, Fortaleza CMCB, de Souza CSM, Riboli DFM, Cunha MLRS. 
Nasopharyngeal carriage of Staphylococcus aureus among imprisoned males 
from Brazil without exposure to healthcare: Risk factors and molecular 
characterization. Ann Clin Microbiol Antimicrob. 2014;13(1):25.

23.	Lee GM, Huang SS, Rifas-Shiman SL, Hinrichsen VL, Pelton SI, Kleinman 
K, et al. Epidemiology and risk factors for Staphylococcus aureus colonization 
in children in the post-PCV7 era. BMC Infect Dis. 2009;9(1):110.

24.	Lamaro-Cardosoa J, Castanheira M, de Oliveira RM, Silva SM, Pignatari 
ACC, Mendes RE, et al. Carriage of methicillin-resistant Staphylococcus 
aureus in children in Brazil. Diagn Microbiol Infect Dis. 2007;57(4):467-70.

25.	Nakamura MM, Rohling KL, Shashaty M, Lu H, Tang Y-W, Edwards KM. 
Prevalence of methicillin-resistant Staphylococcus aureus nasal carriage in the 
community pediatric population. Pediatr Infect Dis J. 2002;21(10):917-922.

26.	Velázquez-Guadarrama N, Martinez-Aguilar G, Galindo JA, Zuñiga G, 
Arbo-Sosa A. Methicillin-resistant S. aureus colonization in Mexican 
children attending day care centres. Clin Invest Med. 2009;32(1):57-63.

27.	Zanella RC, Brandileone MCC, Almeida SCG, de Lemos APS, Sacchi CT, 
Gonçalves CR, et al. Nasopharyngeal carriage of Streptococcus pneumoniae, 
Haemophilus influenzae, and Staphylococcus aureus in a Brazilian elderly 
cohort. PLoS One. 2019;14(8):e0221525.

28.	Coughtrie AL, Whittaker RN, Begum N, Anderson R, Tuck A, Faust SN, 
et al. Evaluation of swabbing methods for estimating the prevalence of 
bacterial carriage in the upper respiratory tract: A cross sectional study. 
BMJ Open. 2014;4(1):e005341.

29.	Bojang A, Kendall L, Usuf E, Egere U, Mulwa S, Antonio M, et al. 
Prevalence and risk factors for Staphylococcus aureus nasopharyngeal carriage 
during a PCV trial. BMC Infect Dis. 2017;17(1):588.

30.	Bottomley C, Bojang A, Smith PG, Darboe O, Antonio M, Foster-
Nyarko E, et al. The impact of childhood vaccines on bacterial carriage 
in the nasopharynx: A longitudinal study. Emerg Themes Epidemiol. 
2015;12(1):1.

31.	Bogaert D, van Belkum A, Sluijter M, Luijendijk A, de Groot R, Rümke 
HC, et al. Colonisation by Streptococcus pneumoniae and Staphylococcus aureus 
in healthy children. Lancet. 2004;363(9424):1871-1872.

32.	Melles DC, Bogaert D, Gorkink RFJ, Peeters JK, Moorhouse MJ, Ott 
A, et al. Nasopharyngeal co-colonization with Staphylococcus aureus and 
Streptococcus pneumoniae in children is bacterial genotype independent. 
Microbiology. 2007;153(3):686-692.

33.	Tavares DA, Sá-Leão R, Miragaia M, de Lencastre H. Large screening of CA-
MRSA among Staphylococcus aureus colonizing healthy young children living 
in two areas (urban and rural) of Portugal. BMC Infect Dis. 2010;10(1):110.

34.	Drayß M, Claus H, Hubert K, Thiel K, Berger A, Sing A, et al. 
Asymptomatic carriage of Neisseria meningitidis, Haemophilus influenzae, 
Streptococcus pneumoniae, Group A Streptococcus and Staphylococcus aureus 
among adults aged 65 years and older. PLoS One. 2019;14(2):e0212052.

35.	Foster-Nyarko E, Kwambana B, Aderonke O, Ceesay F, Jarju S, Bojang A, et 
al. Associations between nasopharyngeal carriage of Group B Streptococcus 

and other respiratory pathogens during early infancy. BMC Microbiol. 
2016;16(1):97.

36.	Zanelli G, Sansoni A, Zanchi A, Cresti S, Pollini S, Rossolini GM, et al. 
Staphylococcus aureus nasal carriage in the community: A survey from central 
Italy. Epidemiol Infect. 2002;129(2):417-420.

37.	Zemlicková H, Urbásková P, Adámková V, Motlová J, Lebedová V, 
Procházka B. Characteristics of Streptococcus pneumoniae, Haemophilus 
influenzae, Moraxella catarrhalis and Staphylococcus aureus isolated from the 
nasopharynx of healthy children attending day-care centres in the Czech 
Republic. Epidemiol Infect. 2006;134(6):1179-1187.

38.	Navne JE, Børresen ML, Slotved HC, Andersson M, Melbye M, Ladefoged 
K, et al. Nasopharyngeal bacterial carriage in young children in Greenland: 
A population at high risk of respiratory infections. Epidemiol Infect. 
2016;144(15):3226-3236.

39.	Verhagen LM, Hermsen M, Rivera-Olivero IA, Sisco MC, de Jonge MI, 
Hermans PWM, et al. Nasopharyngeal carriage of respiratory pathogens in 
Warao Amerindians: Significant relationship with stunting. Trop Med Int 
Health. 2017;22(4):407-414.

40.	Sá-Leão R, Sanches IS, Couto I, Alves CR, de Lencastre H. Low Prevalence 
of methicillin-resistant strains among Staphylococcus aureus colonizing young 
and healthy members of the community in Portugal. Microb Drug Resist 
Fall 2001;7(3):237-245.

41.	Blumental S, Deplano A, Jourdain S, De Mendonça R, Hallin M, Nonhoff 
C, et al. Dynamic pattern and genotypic diversity of Staphylococcus aureus 
nasopharyngeal carriage in healthy pre-school children. J Infect Dis. 
2000;182(1):359-362.

42.	Jourdain S, Smeesters PR, Denis O, Dramaix M, Sputael V, Malaviolle 
X, et al. Differences in nasopharyngeal bacterial carriage in preschool 
children from different socio-economic origins. Clin Microbiol Infect. 
2011;17(6):907-914.

43.	Almeida ST, Nunes S, Paulo ACS, Faria NA, de Lencastre H, Sá-Leão 
R. Prevalence, risk factors, and epidemiology of methicillin-resistant 
Staphylococcus aureus carried by adults over 60 years of age. Eur J Clin 
Microbiol Infect Dis. 2015;34(3):593-600.

44.	de Benito S, Alou L, Becerro-de-Bengoa-Vallejo R, Losa-Iglesias ME, 
Gómez-Lus ML, Collado L, et al. Prevalence of Staphylococcus spp. nasal 
colonization among doctors of podiatric medicine and associated risk 
factors in Spain. Antimicrob Resist Infect Control. 2018;7(1):24.

45.	Esposito S, Terranova L, Macchini F, Bianchini S, Biffi G, Viganò M, 
et al. Staphylococcus aureus colonization and risk of surgical site infection 
in children undergoing clean elective surgery. Medicine (Baltimore). 
2018;97(27):e11097.

46.	Harputluoglu U, Egeli E, Sahin I, Oghan F, Ozturk O. Nasopharyngeal 
aerobic bacterial flora and Staphylococcus aureus nasal carriage in deaf 
children. Int J Pediatr Otorhinolaryngol. 2005;69(1):69-74.

47.	Thors V, Christensen H, Morales-Aza B, Vipond I, Muir P, Finn A. The 
effects of live attenuated influenza vaccine on nasopharyngeal bacteria in 
healthy 2 to 4 year olds. Am J Respir Crit Care Med. 2016;193(12):1401-
1409.

48.	Hoang V-T, Dao T-L, Ly TDA, Belhouchat K, Chaht KL, Gaudart J, et 
al. The dynamics and interactions of respiratory pathogen carriage 
among French pilgrims during the 2018 Hajj. Emerg Microbes Infect. 
2019;8(1):1701-1710.

49.	Chien Y-W, Vidal JE, Grijalva CG, Bozio C, Edwards KM, Williams JV, 
et al. Density interactions between Streptococcus pneumoniae, Haemophilus 
influenzae and Staphylococcus aureus in the nasopharynx of young Peruvian 
children. Pediatr Infect Dis J. 2013;32(1):72-77.

50.	Kniehl E, Becker A, Forster DH. Bed, bath and beyond: Pitfalls in prompt 
eradication of methicillin-resistant Staphylococcus aureus carrier status in 
healthcare workers. J Hosp Infect. 2005;59(3):180-187.



7

Awulachew EW, et al. OPEN ACCESS Freely available online

J Bacteriol Parasitol, Vol. 11 Iss. 6 No: 1000383

51.	Abdulgader SM, Robberts L, Ramjith J, Nduru PM, Dube F, Gardner-
Lubbe S, et al. Longitudinal population dynamics of Staphylococcus aureus in 
the nasopharynx during the first year of life. Front Genet. 2019;10(1):198.

52.	Dunne EM, Murad C, Sudigdoadi S, Fadlyana E, Tarigan R, Indriyani 
SAK, et al. Carriage of Streptococcus pneumoniae, Haemophilus influenzae, 
Moraxella catarrhalis, and Staphylococcus aureus in Indonesian children: A 
cross-sectional study. PLoS One. 2018;13(4):e0195098.

53.	Fadlyana E, Dunne EM, Rusmil K, Tarigan R, Sudigdoadi S, Murad C, 
et al. Risk factors associated with nasopharyngeal carriage and density of 
Streptococcus pneumoniae, Haemophilus influenzae, Moraxella catarrhalis, and 
Staphylococcus aureus in young children living in Indonesia. Pneumonia 
(Nathan). 2018;10(1):14.

54.	Regev-Yochay G, Ron Dagan, Meir Raz, Yehuda Carmeli, Bracha Shainberg, 
Estela Derazne, et al. Association between carriage of Streptococcus 
pneumoniae and Staphylococcus aureus in children. JAMA. 2004;292(6):716-
720.

55.	Masuda K, Masuda R, Nishi J-I, Tokuda K, Yoshinaga M, Miyata K. 
Incidences of nasopharyngeal colonization of respiratory bacterial 
pathogens in Japanese children attending day-care centers. Pediatr Int. 
2002;44(4):376-380.

56.	Nguyen KV, Zhang T, Vu BNT, Dao TT, Tran TK, Nguyen DNT, et al. 
Staphylococcus aureus nasopharyngeal carriage in rural and urban northern 
Vietnam. Trans R Soc Trop Med Hyg. 2014;108(12):783-790.

57.	Sfeir M, Obeid Y, Eid C, Saliby M, Farra A, Farhat H, et al. Prevalence of 
Staphylococcus aureus methicillin-sensitive and methicillin-resistant nasal and 
pharyngeal colonization in outpatients in Lebanon. Am J Infect Control. 
2014;42(2):160-163.

58.	Askarian M, Zeinalzadeh A, Japoni A, Alborzi A, Memish ZA. Prevalence 
of nasal carriage of methicillin-resistant Staphylococcus aureus and its 
antibiotic susceptibility pattern in healthcare workers at Namazi Hospital, 
Shiraz, Iran. Int J Infect Dis. 2009;13(5):241-247.

59.	Safdar N, Narans L, Gordon B, Maki DG. Comparison of culture 
screening methods for detection of nasal carriage of methicillin-resistant 
Staphylococcus aureus: A prospective study comparing 32 methods. J Clin 
Microbiol. 2003;41(7):3163-3166.

60.	Ho P-L, Chiu SS, Chan MY, Gan Y, Chow K-H, Lai EL, et al. Molecular 
epidemiology and nasal carriage of Staphylococcus aureus and methicillin-
resistant S. aureus among young children attending day care centers and 
kindergartens in Hong Kong. J Infect. 2012;64(5):500-506.

61.	Kovács E, Sahin-Tóth J, Tóthpál A, van der Linden M, Tirczka T, Dobay O. 
Co-carriage of Staphylococcus aureus, Streptococcus pneumoniae, Haemophilus 
influenzae and Moraxella catarrhalis among three different age categories of 
children in Hungary. PLoS One. 2020;15(2):e0229021.

62.	Boelsen LK, Dunne EM, Mika M, Eggers S, Nguyen CD, Ratu FT, et al. 
The association between pneumococcal vaccination, ethnicity, and the 
nasopharyngeal microbiota of children in Fiji. Microbiome. 2019;7(1):106.

63.	Azeem MI, Tashani M, Badahdah A-M, Heron L, Pedersen K, Jeoffreys 
N, et al. Surveillance of Australian Hajj pilgrims for carriage of potentially 
pathogenic bacteria: Data from two pilot studies. World J Clin Cases. 
2017;5(3):102-111.

64.	Shibabaw A, Abebe T, Mihret A. Antimicrobial susceptibility pattern 
of nasal Staphylococcus aureus among Dessie referral hospital health care 
workers, Dessie, Northeast Ethiopia. Int J Infect Dis. 2014;25:222-225.

65.	Assefa A, Gelaw B, Shiferaw Y, Shiferaw Y. Nasopharyngeal carriage rate 
and antimicrobial susceptibility pattern of potential pathogenic bacteria 
among paediatrics outpatients at Gondar university teaching hospital, 
Ethiopia. J Infect Dis Ther. 2013;1(1):109.

66.	Kwambana BA, Barer MR, Bottomley C, Adegbola RA, Antonio M. 
Early acquisition and high nasopharyngeal co-colonisation by Streptococcus 
pneumoniae and three respiratory pathogens amongst Gambian new-borns 
and infants. BMC Infect Dis. 2011;11(1):175.

67.	Ebruke C, Dione MM, Walter B, Worwui A, Adegbola RA, Roca A, et 
al. High genetic diversity of Staphylococcus aureus strains colonising the 
nasopharynx of Gambian villagers before widespread use of pneumococcal 
conjugate vaccines. BMC Microbiol. 2016;16(1):38.

68.	Kateete DP, Asiimwe BB, Mayanja R, Mujuni B, Bwanga F, Najjuka CF, et 
al. Nasopharyngeal carriage, spa types and antibiotic susceptibility profiles 
of Staphylococcus aureus from healthy children less than 5 years in Eastern 
Uganda. BMC Infectious Diseases. 2019;19(1):1023.

69.	Beyene G, Mamo G, Kassa T, Tasew G, Mereta ST. Nasal and hand carriage 
rate of Staphylococcus aureus among food handlers working in Jimma town, 
southwest Ethiopia. Ethiop J Health Sci. 2019;29(5):605-612.

70.	Legese H, Kahsay AG, Kahsay A, Araya T, Adhanom G, Muthupandian 
S, et al. Nasal carriage, risk factors and antimicrobial susceptibility pattern 
of methicillin resistant Staphylococcus aureus among healthcare workers in 
Adigrat and Wukro hospitals, Tigray, northern Ethiopia. BMC Res Notes. 
2018;11(1):250.

71.	Odutola A, Antonio M, Owolabi O, Bojang A, Foster-Nyarko E, Donkor 
S, et al. Comparison of the prevalence of common bacterial pathogens 
in the oropharynx and nasopharynx of gambian infants. PLoS One. 
2013;8(9):e75558.

72.	Ruimy R, Maiga A, Armand-Lefevre L, Maiga I, Diallo A, Koumaré AK, et 
al. The carriage population of Staphylococcus aureus from Mali is composed 
of a combination of pandemic clones and the divergent panton-valentine 
leukocidin-positive genotype st152. J Bacteriol. 2008;190(11):3962-8.

73.	Reta A, Bimerew LG, Sewunet T, Beyene G. Nasal Carriage, Risk 
factors and antimicrobial susceptibility pattern of methicillin resistant 
Staphylococcus aureus among school children in Ethiopia. J Med Microb 
Diagn. 2015;4(1):177.


