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SUMMARY The recovery of upper respiratory tract bacteria on laboratory media from a variety of
swabs and swab-transport media kits was examined. Organisms studied included strains of
Streptococcus pyogenes, Streptococcus pneumoniae, Staphylococcus aureus, Neisseria meningitidis
and Haemophilus influenzae. Although a wide range of results was obtained with regard to variables
such as the type of swab or swab-transport media kit used, the time of plating, the temperature of
storage of swabs and swab-transport media kits, and the nature of the suspension of the organisms,
it was generally noted that recovery of organisms was better from swabs held in their plastic con-

tainers prior to plating than from swabs held in transport medium.

It has been known for some time that swabs can
produce varying and occasionally misleading results
when used for diagnostic purposes, particularly in
epidemiological surveys. In assessment of carrier
rates in epidemiological studies-for example,
carriage of beta-haemolytic streptococci in the throat,
it is known that swabs may produce negative results
even when there are organisms in situ.

In former years, various factors made it necessary
to interpret results from swabs with a degree of
caution. Pollock' reported that cotton-wool con-
tained unsaturated fatty acids that had an anti-
bacterial action and Mair and McSwiggan2 stated
that swabs sterilised by gamma radiation were
bactericidal. Over the years, other factors relating
to swabs have been recognised as being inimical to
bacterial survival-namely desiccation in transit,
the presence or absence of moisture3 and the type of
swab used.4 5

Various suggestions have been put forward to
minimise the uncertainties of results from swabs, and
these include dipping the cotton in serum,3 or
albumen,4 using material other than cotton-wool,
such as dacron6 or calcium alginate,7 on the swab
tips, or using transport media (TM) into which
swabs are placed in transit to the laboratory.8-10

Recent studies have examined the survival of
potential upper respiratory tract pathogens on
cotton-wool swabs ;11 plain, buffered cotton-wool
swabs and albumen-coated cotton-wool swabs were
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tested for the survival of Streptococcus pneumoniae,
Staphylococcus aureus, Haemophilus influenzae, cory-
nebacteria and Escherichia coli. Both types of swab
performed equally well. Other studies have evaluated
bacteriological swabs in TM in the recovery of
group B streptococci. These studies showed that
fewer organisms were recovered from swabs held
in TM than from those held in their plastic con-
tainers.'2

In the light of these findings it was decided to
evaluate the various swabs and swab-TM kits
available commercially in the United Kingdom for
the recovery of potentially pathogenic bacteria that
inhabit the upper respiratory tract. In addition to
the use of commercial varieties, three swab-TM kits
prepared in the local laboratory were tested.

Material and methods

SWABS
These were held either in their plastic containers or
in TM. Four commercial varieties held in their
containers were examined. These included plain,
buffered, absorbent cotton-wool; albumen-coated
cotton-wool; charcoal-coated cotton-wool; and
dacron.
Swab-TM kits were either obtained commercially

or prepared in the laboratory. Commercial varieties
comprised cotton-wool in Amies'; cotton-wool in
charcoal Amies'; and dacron in charcoal Amies'.
Those prepared locally included cotton-wool in
Pike's; cotton-wool in Stuart's; and cotton-wool in
silica gel.
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ORGANISMS
Representative strains of the following were used:
Streptococcus pyogenes, Streptococcus pneumoniae,
Staphylococcus aureus, Neisseria meningitidis and
Haemophilus influenzae. Stock strains and freshly
isolated organisms were used.

All four varieties of swabs not held in TM were

loaded with one drop (0-02 ml) of a dilution of an

overnight culture of each of the above series of
organisms, mixed with either 008 ml pasteurised
saliva or 0 08 ml saline. The swabs contained in the
six varieties of swab-TM kits were similarly inocu-
lated; this ensured that all swabs contained the same
number of bacteria. The number loaded on to the
swabs was calculated by performing surface-viable
counts from 1/1000-1/100 000 dilutions of broth
cultures of the organisms.
Once inoculated, swabs were held either in their

plastic containers or in TM for up to 48 h. Some
were held at room temperature and an equal
number at 4°C. A first series of swabs (not held in
TM) was plated out immediately after inoculation
(0 hours). Eight hours after inoculation, a second
series of swabs was streaked on to 5-10% human
blood agar plates which were then incubated at
37°C. A further series of swabs was then plated out
at 24 h and a final series at 48 h. Each series con-

tained the same number of swabs and swab-TM
kits and the same number of organisms from the
five genera tested. Equal numbers of each series
were examined at both temperatures, suspended in
saliva or saline.
The percentage recovery refers to the number of

organisms obtained after overnight incubation
compared with the number in the original inoculum,
using surface-viable counts. It does not refer to the
percentage of swabs that were positive or negative.

STATISTICAL METHODS

Data were combined and analysed as a randomised
block experiment to evaluate the effects of type of
swab, TM kits, time, temperature and nature of
suspension. Twice the standard error represented
a significant difference.

Results

The percentage recovery of organisms from the
four types of swabs varied little from swab to swab
at 0 hours; in most cases, there was a difference of
only around 4% in the recovery of the original
inoculum. The highest and lowest recovery was
obtained with N meningitidis; the dacron swab gave
a 13 % recovery, whereas with the plain cotton-wool
swab this was only 2 %. None of the swabs produced
a recovery rate of greater than 90% with any of the
organisms.

Table 1 shows the percentage recovery of Strep
pyogenes at the various time intervals after 0 hours
and temperatures of storage, depending on whether
the organisms were suspended in saliva or saline.
(Figures in parentheses relate to swabs processed in
saliva.) Counts were generally higher from swabs
that were not held in TM. Multiplication of the
streptococci occurred at room temperature but not
at 4°C. The recovery of organisms from swabs held
in silica was particularly low (<1 %) and this was

observed also with other organisms.
In the recovery of Strep pneumoniae, once again

swabs not held in TM produced a higher recovery
rate than those immersed in TM (Table 2) and those
processed in saliva gave a higher level of recovery
than those mixed with saline. Not only did TM give
a low recovery initially, but counts fell off more

quickly as the time interval increased prior to

Table 1 Effect of time and temperature on percentage recovery of Strep pyogenes from swabs (a) held in transport
media, (b) not held in transport media

Swabs 8 hours 24 hours 48 hours

Room temp 4°C Room temp 4°C Room temp 4°C

Swabs held in TM
Cotton-wool in Amies' 3 (6) 3 (6) 1 (6) 2 (2) 0 (1) 2 (2)
Cotton-wool in charcoal Amies' 3 (8) 4 (7) 1 (4) 4 (5) 2 (14) 1 (8)
Dacron in charcoal Amies' 6 (53) 4 (11) 5 (21) 4 (8) 5 (13) 4 (9)
Cotton-wool in Pike's 7 (4) 1 (3) 4 (1) 2 (4) 8 (1) 3 (3)
Cotton-wool in Stuart's 9 (10) 4 (5) 13 (24) 3 (5) 28 (26) 4 (3)
Cotton-wool in silica gel All < I % at all times and temperatures.

Swabs not held in TM
Plain 8 (10) 9 (7) 12 (23) 7 (9) 3 (3) 4 (7)
Albumen 24 (4) 5 (5) TNC (5) 9 (6) TNC (TNC) 6 (5)
Charcoal 8 (4) 8 (6) 7 (TNC) 10 (7) 1 (47) 4 (2)
Dacron 5 (6) 5 (3) TNC(TNC) 3 (4) TNC (TNC) 5 (3)

TNC = Too numerous to count.
NB. Results from swabs containing organisms in saline are not in parentheses. Those from organisms suspended in saliva are inside parentheses.
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Table 2 Effect of time and tenmperature on percentage recovery of Strep pneumoniae from swabs (a) held in transport
media, (b) not held in transport media

Swabs 8 hours 24 hours 48 hours

Room temp 4°C Roonm temp 4°C Roonm temp 4°C

Swvabs held in TM
Cotton-wool in Amies' 1 (3) 1 (3) 0 (1) 0 (2) 0 (0) 0 (0)
Cotton-wool in charcoal Amies' I (1) 1 (3) 0 (0) 0 (1) 0 (0) 0 (1)
Dacron in charcoal Amies' 3 (4) 3 (5) 1 (2) 2 (3) 0 (1) 2 (2)
Cotton-wool in Pike's 1 (1) 2 (1) I (1) 1 (1) 0 (0) 0 (1)
Cotton-wool in Stuart's 1 (2) 2 (3) 1 (1) 1 (3) 0 (0) 1 (2)
Cotton-wool in silica gel All < I1% at all times and temperatures.

Swabs not held in TM
Plain 1 (3) 2 (6) 1 (1) 3 (4) 0 (0) 1 (4)
Albumen 2 (8) 3 (14) 0 (2) 0 (8) 0 (4) 0 (6)
Charcoal 3 (8) 5 (19) 0 (4) 1 (17) 0 (0) 0 (9)
Dacron 3 (10) 6 (10) 1 (2) 5 (5) 1 (0) 3 (10)

plating out. ("0" includes counts of less than
0-25 % of the original inoculum as well as no growth,
in all experiments of the series.)
TM produced more satisfactory results with

Staph aureus (Table 3) and dacron in charcoal
Amies' and cotton-wool in Stuart's gave the highest
recovery rates of the TM series.

Recovery of N meningitidis was generally poor,

both from swabs held in TM and those held in
plastic containers (Table 4) and a similar picture
was obtained with H influenizae (Table 5).

Discussion

It is not possible to reproduce results and figures
totally accurately and faithfully in studies with
swabs because of variables such as the size of the
swab head, the distribution of the inoculum on the
swab, the method of plating out in the laboratory,
and the strains of bacteria used in the tests. Tech-
nique of swabbing in vivo will also influence the
numbers of organisms on swabs.13 Nevertheless,

certain trends are apparent and generalisations can
therefore be made. For example, it has been shown
that there is a consistent loss of around 90% of the
inoculum even when swabs are plated out immedi-
ately on to media.514 The present study confirms
such findings; all five different genera of bacteria
exhibited much the same degree of loss when plated
out.
Swabs held in their plastic containers behaved

similarly in most cases, though dacron swabs were
more effective in the recovery of N meningitidis.
Fewer bacteria were recovered from swabs held in
TM than from those held in plastic containers, the
exception being dacron in charcoal Amies'.
No swab or swab-TM kit sustained a satisfactory

number of Haemophilus or Neisseria. This could be
accounted for by fragility of the strains tested.

In most cases, strains processed in saliva showed
a greater degree of recovery than those suspended
in saline. Swabs held in their plastic containers
containing a saliva suspension of organisms pro-
duced higher counts than those suspended in saline

Table 3 Effect of time and temperature on percentage recovery of Staph aureusfrom swabs (a) held in transport media,
(b) not held in transport media

Swabs 8 hours 24 hours 48 hours

Room temp 4°C Room temp 4°C Room temp 4°C

Svwabs held il TM
Cotton-wool in Amies' 2 (2) 2 (4) 1 (1) 2 (6) 1 (1) 2 (3)
Cotton-wool in charcoal Amies' 3 (4) 2 (5) 2 (4) 3 (3) 2 (4) 2 (4)
Dacron in charcoal Amies' 10 (13) 10 (10) 8 (8) 7 (10) 12 (7) 11 (9)
Cotton-wool in Pike's 2 (3) 3 (4) 3 (2) 3 (4) 2 (2) 4 (4)
Cotton-wool in Stuart's 7 (8) 3 (4) 8 (26) 4 (4) 10 (19) 3 (4)
Cotton-wool in silica gel 2 (2) 2 (3) 1 (2) 3 (2) 1 (2) 2 (3)

Swvabs not held in TM
Plain 4 (8) 6 (8) 9 (5) 5 (7) 2 (6) 4 (6)
Albumen 6 (6) 5 (8) 7 (4) 6 (7) 2 (6) 3 (7)
Charcoal 11 (10) 7 (10) 8 (13) 8 (7) 6 (TNC) 7 (7)
Dacron 11 (10) 9 (9) 65 (36) 13 (8) TNC (TNC) !4 (7)

TNC = Too num-rous to count.
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Table 4 Effect of time and temperature on percentage recovery ofN meningitidis from swabs (a) held in transport
media, and (b) not held in transport media

Swabs 8 hours 24 hours 48 hours

Room temp 4°C Room temp 4°C Roonm temp 4 C

Swabs hekt in TM
Cotton-wool in Amies' 1 (3) 0 (2) 0 (4) 1 (3) 0 (1) 0 (1)
Cotton-wool in charcoal Amies' 1 (2) 3 (6) 0 (0) 0 (1) 0 (0) 0 (0)
Dacron in charcoal Amies' 4 (1) 1 (4) 1 (1) (2) 0 (0) 0 (0)
Cotton-wool in Pike's 2 (2) 3 (3) 1 (1) 2 (2) 0 (0) 1 (0)
Cotton-wool in Stuart's 0 (0) 0 (1) 0 (0) 0 (0) 0 (0) 0 (0)
Cotton-wool in silica gel o (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Swvabs not lhe/i in TM
Plain 0 (0) I (0) 0 (0) 0 (0) 0 (0) 0 (0)
Albumen 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Charcoal 7 (4) 5 (8) 0 (0) 0 (4) 0 (0) 0 (0)
Dacron 4 (5) 6 (5) 0 (4) 10 (8) 0 (0) 2 (2)

Table 5 Effect of time and temperature on1 percentage recovery ofH influenzae firom swabs (a) held in transport
media and, (b) not held in transport media

Swvabs 8 hours 24 hours 48 hours

Roonm temp 4°C Roomn tenmp 4°C Room tenip 4°C

Swabs held in TM
Cotton-wool in Amies' 1 (3) 2 (2) 0 (0) 0 (0) 0 (0) 0 (0)
Cotton-wool in charcoal Amies' 1 (1) ! (1) 2 (1) 2 (0) 0 (4) 0 (0)
Dacron in charcoal Amies' 0 (3) 0 (0) 0 (2) 0 (4) 0 (1) 0 (3)
Cotton-wool in Pike's I (0) 2 (1) 0 (0) 2 (2) 0 (0) (2)
Cotton-wool in Stuart's 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Cotton-wool in silica gel 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Swabs not held in TM
Plain 0 (0) 0 (1) 0 (0) 0 (0) 0 (0) 0 (0)
Albumen 0 (1) 3 (2) 0 (0) 0 (0) 0 (0) 0 (0)
Charcoal 0 (1) 3 (3) 0 (0) 0 (1) 0 (0) 0 (0)
Dacron I (1) 2 (2) 0 (0) 0 (0) 0 (0) 0 (0)

in the ratio of 3: 1 and those held in TM in the ratio
of 7: 1. This can be explained by the saliva conferring
an extra degree of protection to the organisms and is
much closer to in vivo conditions.
Counts were maintained more consistently when

swabs were held at 4°C. In certain instances, par-
ticularly with Strep pyogenzes, it was clear that
multiplication of the organisms took place at room
temperature and whereas this may be useful
occasionally when identification and preservation of
fastidious organisms is required, it must be re-
membered that other contaminating organisms will
also multiply in vivo and may overgrow the organ-
isms responsible for causing the infection.
A feature of this study was the uniformly poor

performance of swabs immersed in silica. More often
than not, no growth was obtained, and at best only
a few colonies were recovered. Taplin and Landsell'5
recommend the use of silica for streptococcal
epidemiological field studies but the results of the
present study cannot support such claims. They also
used calcium alginate swabs but in a previous
Edinburgh study with group B streptococci'2 these
were shown to be unsatisfactory.

It is clear that. even the best swabs and swab-TM
kits yield only a fraction of the initial inoculum.
Caution should therefore be exercised in strepto-
coccal field studies. A negative laboratory report
may not be correct if persons who are swabbed are
carriers of only small numbers of organisms. It may
be that a threshold number is required before any
can be recovered on laboratory media.

It is concluded from these studies that the
TM examined do not serve any useful function
in the isolation of bacteria involved in upper respir-
atory tract infection, and the use of swabs held in
plastic containers is therefore perfectly justifiable.
Dacron swabs are good, but acceptable results can
also be obtained with the other available swabs
plain, albumen or charcoal-coated.
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