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Direct growth on blood and screening agar for methicillin-resistant Staphylococcus aureus (MRSA) at a tropical surveillance site 
was compared with broth enrichment and subsequent growth on selective MRSA agar after international sample transport.
  In Madagascar, 1548 swabs from an MRSA surveillance study were assessed for growth on Columbia blood agar enriched with 
5% sheep blood and MRSA screening agar at the surveillance site with subsequent cold storage of the samples and shipment to 
Germany. In Germany, 1541 shipped samples were analyzed by non-selective broth enrichment with subsequent culture on MRSA 
selective agar.
  A total of 28 MRSA isolates were detected. Of these, 20 strains were isolated from direct culture on blood and MRSA screening 
agars at the surveillance site, 24 MRSA strains were isolated using the broth enrichment method in Germany, and 16 MRSA strains 
were identified by both approaches.
  In spite of the observed die-off of individual strains due to long-term storage and transport, broth enrichment with subsequent 
screening on MRSA selective agar after international sample shipment led to comparable sensitivity of MRSA detection like streak-
ing on blood and MRSA agar at the tropical surveillance site.
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Introduction

Methicillin-resistant Staphylococcus aureus (MRSA) has 
been identifi ed as a hygiene problem of importance in 
tropical settings [1, 2]. The signifi cance of respective sur-
veillance has been emphasized since the last 15 years [1]. 
However, from many resource-limited tropical settings, 
reliable surveillance data on colonization and infection 

with MRSA are still scarce. Currently, available data de-
rive mainly from cross-sectional studies and thus represent 
no more than a momentary status [3].

When assessing MRSA colonization, screening is 
typically based on swabbing of frequently colonized sites 
like the anterior nostrils. However, as recently demon-
strated, the reliability of swabbing largely depends both 
on the correctly applied swabbing technique and the type 
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of swab used [4–7]. The heterogeneity of applied proce-
dures makes a comparison between studies diffi cult and 
thus further limits the reliability of available data from the 
literature.

As shown in previous studies, the sensitivity of MRSA 
screening may be increased by broth enrichment [8–10]. 
However, broth enrichment requires considerable logistic 
efforts, including preparation, storage, and transport, that 
are diffi cult to guarantee in resource-limited tropical set-
tings while ready-to-use agar preparations can comparably 
easily be provided [11].

If broth enrichment at the surveillance site in the trop-
ics is not feasible for logistic reasons, sample transport to 
a well-equipped laboratory with subsequent broth enrich-
ment may be performed. However, in case of prolonged 
sample storage and transport time, reduced sensitivity due 
to the die-off of bacterial cells has to be considered [12].

In order to assess potential benefi cial and unfavorable 
effects of international sample transport with subsequent 
broth enrichment during surveillance studies in the tropi-
cal setting, direct growth on non-selective and selective 
agar was compared with sample transport by international 
fl ight with subsequent broth enrichment and culture on 
MRSA screening agar with sample material from the same 
study. This comparison also included an assessment of spa 
types to identify potential spa type-specifi c differences in 
storage and transport stability of MRSA strains as well as 
an assessment of the effect of the duration of storage and 
transport time.

Materials and methods

Origin of specimens and applied screening procedures

In a recently published study from Madagascar, 1548 nasal 
swabs (Copan Nasal Swab Transsystem®, Brescia, Italy) 
were collected from students and health care workers [11]. 
Plating on Columbia blood agar (OXOID®, Vienna, Aus-
tria) with subsequent biochemical identifi cation and an-
tibiotic resistance testing to identify MRSA isolates was 
performed as described by Hogan et al. [11]. For this inte-
grated study, MRSA selective agar (CHROMagar MRSA, 
MAST Diagnostica, Reinfeld, Germany) was used on site 
in addition to the methods as described by Hogan et al. 
Afterwards, the same swabs were stored at 4 °C for 2–22 
weeks until airborne shipment without cooling for second 
processing to Germany.

A total of 1541 nasal swabs were shipped to the Bern-
hard Nocht Institute for Tropical Medicine Hamburg, Ger-
many, and were analyzed by non-selective broth enrich-
ment in thioglycolate broth (BD, Heidelberg, Germany) 
and subsequent culture on MRSA selective agar CHRO-
Magar MRSA (MAST Diagnostica). The remaining 7 
swabs were lost, so the samples could not be included in 
the assessment in Germany. MRSA strains were identifi ed 
by matrix-assisted laser desorption–ionization time-of-
fl ight mass spectrometry (MALDI-TOF MS), by antibiotic 

susceptibility testing and by polymerase chain reaction 
(PCR) as detailed elsewhere [13].

spa typing

MRSA isolates that were identifi ed by any of the approach-
es were assessed by spa typing as described elsewhere [11, 
13] to assess potential clonal differences between strains 
identifi ed by the different approaches.

Impact of storage and transport time

To assess the impact of storage and transport time on the 
reliability of MRSA recovery by broth enrichment after 
sample transport, three groups were compared taking the 
number of days between swab acquisition and broth en-
richment in Germany into account: MRSA growth in Mad-
agascar and after broth enrichment in Germany (group 1), 
MRSA growth in Madagascar only (group 2), and MRSA 
growth after broth enrichment in Germany only (group 3).

Statistics

Confi dence intervals of the sensitivity and positivity rates 
of the different approaches of bacterial culture in Mada-
gascar and in Germany were calculated with the software 
SAS version 9.4 (SAS Institute Inc., Cary, USA). The total 
number of MRSA-positive samples as identifi ed by the ap-
plication of both screening procedures was used as denom-
inator for the calculation of sensitivity and positivity rate.

A Kruskal–Wallis test (GraphPad InStat®, version 3.06, 
32 bit for Windows, GraphPad Software, Inc., San Diego, 
USA) was performed to evaluate the impact of storage and 
transport time on the recovery of MRSA isolates from the 
swabs after transfer to Germany.

Ethics statement

Ethical clearance for the study was obtained from the Ethi-
cal Committee of the Ministry of Health of the Republic of 
Madagascar (no. 081 – MSANP/CE, 5 November 2012).

Results

Numbers of MRSA strains identified
in Madagascar and in Germany

The combined selective and non-selective agar-based ap-
proach in Madagascar led to the identifi cation of 20 (1.3%) 
MRSA isolates in the 1541 nasal swabs. Broth enrichment 
with subsequent growth on selective agar led to the iden-
tifi cation of 24 MRSA isolates (1.6%). Both procedures 
led to matching positive results in 16 (57.1%) out of 28  
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instances of MRSA detection. In case of 4 swabs (14.3%), 
only the agar-based approach in Madagascar led to the 
identifi cation of MRSA. In 8 instances (28.6%), only the 
enrichment procedure in Germany allowed the detection 
of MRSA strains. In total, 28 (1.8%) out of 1541 swabs 
showed positive results for MRSA (Table 1).

Accordingly, sensitivity without broth enrichment 
in Madagascar was 0.71 (95% confi dence interval [CI], 
0.51–0.87), sensitivity with broth enrichment in Germany 
was 0.86 (95% CI, 0.67–0.96). Positivity rates were 0.013 
for Madagascar (95% CI, 0.008–0.020) and 0.016 for Ger-
many (95% CI, 0.010–0.023). κ of 0.003 (95% CI, −0.006 
to 0.011) for matching of both tests was non-interpretable 
due to the low positivity rates.

spa type distribution of the additionally identified strains 
by the different approaches

The spa type distribution of the additionally identifi ed 
MRSA strains either in Madagascar or in Germany did 
not show individual spa types with increased or decreased 
transport and storage stability but give an overview of cir-
culating spa types in this region of Madagascar. In both 
instances, the frequently observed spa type t168 repre-
sented 3 quarters of the newly identifi ed strains while the 
remaining quarter consisted of individual rare spa types 
(Table 2).

Impact of storage and transport time

Time until transport to Germany and further processing 
varied between 11 and 149 days. In detail, the mean time 
spans between sample acquisition in Madagascar and broth 
culture in Germany (in days ± standard deviation [SD]) 
were 99 ± 42 days for strains that grew both in Madagascar 
and after broth enrichment in Germany, 133 ± 17 days for 
strains that grew in Madagascar only, and 110 ± 36 days 
for strains that grew after broth enrichment in Germany 
only. Kruskal–Wallis testing showed no signifi cant differ-

ence between the groups (P = 0.27, KW = 2.655 [corrected 
for ties]).

Discussion

The methodological comparison demonstrates that the 
broth enrichment approach leads to a comparable sensitiv-
ity during MRSA surveillance studies, even with consider-
able storage and transport time of specimens. These results 
are surprising, because long storage prior to international 
sample shipment might have led to a more pronounced die-
off of S. aureus. Previous studies suggested long-term ef-
fects [12]. Although the phenomenon of die-off of isolates 
was indeed observed, as 4 out of 28 S. aureus were not 
detectable after transport to Germany by broth enrichment, 
its quantitative importance seems to be low. Of course, the 
low number of detected positive samples makes any defi -
nite conclusions challenging.

With focus on the isolates’ spa types, no differing 
conclusions can be drawn. The only spa type of quantita-
tive importance was t186. Virtually the same or a slightly 
higher sensitivity after broth enrichment in Germany was 
observed, refl ecting the generally observed phenomenon.

Interestingly, there was no signifi cant difference of the 
time spans between sample acquisition and onset of broth 
enrichment for MRSA strains that grew both in Madagas-
car and after broth enrichment in Germany, that grew in 
Madagascar only, and that grew in Germany after broth 
enrichment only. This result is surprising, because it chal-
lenges previous assessments that suggested quantitatively 
relevant effects on the die-off of staphylococci in case of 
prolonged storage and transport time [12]. A potential mi-
nor tendency of longer time spans in case of strains that 
did not grow any more after transport to Germany could 
not be statistically confi rmed due to the low total number 
of isolates.

Previous studies [8–10] suggest that benefi cial effects 
of broth enrichment regarding the diagnostic sensitivity are 
pronounced when die-off due to long storage and transport 
time can be avoided and broth culture can be performed di-

Table 1. Detection of MRSA strains without broth enrichment at the surveillance site and with broth enrichment after international 
sample transport. A total of 1541 out of 1548 samples could be included in the assessment

MRSA with enrichment No MRSA with enrichment Total

MRSA without enrichment 16 (1.0%) 4 (0.3%) 20 (1.3%)
No MRSA without enrichment  8 (0.5%) 1,513 (98.2%) 1,521 (98.7%)
Total 24 (1.6%) 1,517 (98.4%) 1,541 (100%)

Table 2. spa type distribution of the identifi ed MRSA strains. No hints for increased or decreased transport and storage stability 
of individual spa types are detectable

spa types of strains that were detected
in Madagascar and in Germany

spa types of strains that were detected
in Madagascar only

spa types of strains that were detected
in Germany only

t168 (n = 13), t2393 (n = 1), t5772
(n = 1), t13653 (n = 1)

t168 (n = 3), t5562 (n = 1) t168 (n = 6), t5772 (n = 1), t11285 (n = 1)
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rectly at the study site. The here presented data set does not 
allow any conclusions regarding this issue. As an undeni-
able limitation of the study, the number of strains that were 
missed by both compared approaches remains unclear. The 
low number of positive samples is another limitation of 
the study which weakens any resulting recommendations.

Of note, PCR-based screenings for MRSA have been 
described as reliable and both cost- and time-effi cient 
[14, 15], although these aspects may depend on the local 
prevalence and are therefore not yet generally accepted. 
However, such procedures might be a useful alternative if 
storage is required and die-off of isolates as to be consid-
ered. Taking the costs of such molecular approaches into 
account, their application in resource-limited tropical set-
tings seems hardly realistic so far.

Conclusions

As a consequence of the results, a combined approach of 
direct agar culture and broth enrichment seems advisable. 
If possible for logistic reasons, broth enrichment should be 
performed directly at the study site.
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