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A sample arrives in the lab...



Step 1.

• Microscopy
– Part of sample is put 

onto a glass slide

–Gram stain (over 

100 years old and still going 
strong)





Gram Stain Method

1. Crystal        2. Iodine       3. Alcohol wash       4. Safranin
violet              fixer               decolourisation counterstain







Gram Stain

• “First step” in identification of bacteria

• Differentiates bacteria by cell wall properties

• Divided into “Gram Positive” and “Gram Negative”

• Shape of bacteria also identified:

– Round shaped  cocci

– Rod shaped   bacilli 

• Can be performed rapidly

• Used to guide initial antibiotic choice



Gram stain

Thick cell wall

Purple

Gram “positive”

Thin cell wall

Pink

Gram “negative”



Cell wall shape

http://www.wadsworth.org/databank/borreli.htm
http://www.csic.es/hispano/ciclo1/2002/m2/m2feb-04/m2feb-04.htm
http://www.lima.ohio-state.edu/biology/biodiv/webbact.htm


Step 1.

• Microscopy

–Gram stain (over 100 years 

old and still going strong)

• Microscopy can give initial clue as 
to bugs causing infection





Step 2.

• Culture

– Sample put onto different 
types of growth media

– Incubated to allow bugs 
to grow

– Usually takes 24-48h for 
growth

– Bugs that are grown are 
identified and reported





Step 3.

• Susceptibility testing
– Significant organisms selected for 

testing
– Tested against common antibiotics
– Grow the organism in the presence 

of different antibiotic discs
– Measure amount of growth around 

antibiotic disc to determine 
susceptibility/resistance

– Note: designed for ‘planktonic’ 
bacteria, doesn’t work well for 
bacteria in biofilms – more to come 
on this





Step 4.

• Result reporting
– Microbiologist 

reviews 
the results and clinical 
information

– Decides how to report 
the results onto the 
clinical information 
system

– May add interpretive 
comment

Step 4.



The problem with wound 
samples…

Nature Reviews | Microbiology
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Only whole-genome shotgun metagenomic sequencing 

(WGS metagenomic sequencing) of bacterial commu-

nities will define their full genetic diversity and enable 

prediction of the gene functions that are associated 

with the skin microbiota. WGS metagenomic sequenc-

ing has proved to be useful in identifying the functional 

potential of gut microbiomes, revealing the increased 

energy harvesting potential of the obesity-associated  

gut microbiota51. To date, WGS metagenomic analysis of 

skin microbiota has not been reported. Several factors 

delay this type of analysis of skin microbiota. One such 

factor is the lack of reference genome sequences for skin 

isolates; this is likely to be due to the difficulty in culturing 

some skin microorganisms such as the corynebacteria. 

Furthermore, obtaining the critical amount of starting 

material required for WGS metagenomic sequencing, 

free of contaminating host DNA, is challenging for skin. 

Before skin metagenomic sequencing is tractable on 

a large scale, robust methods need to be further devel-

oped to separate host DNA from microorganism DNA,  

followed by unbiased whole-genome amplification.

Beyond the bacterial microbiome. Molecular approaches 

have been used to characterize eukaryotic species colo-

nizing the skin, although these methods are not as well 

developed. The fungal phylogeny has been established 

using data from six genes: 18S rRNA, 28S rRNA, 5.8S 

rRNA, elongation factor 1α and two RNA polymerase II 

subunits52. When performing molecular surveys of 

fungal diversity, the most commonly analysed region 

is the internal transcribed spacer region that separates 

the small- and large-subunit rRNA genes in eukary-

otes53. Most fungal organisms identified on the healthy 

skin by molecular typing resemble Malassezia spp., 

closely mirroring culture-based data54–56. In one study, 

Malassezia spp. were calculated to constitute 53–80% of 

the total skin fungal population, depending on the skin 

site, with the retroauricular crease harbouring the high-

est proportion56. It still remains unclear which fungal 

species constitute the remainder of the population, and 

further investigation is warranted. Culture-based analysis 

suggests that Candida spp. rarely colonize human skin 

but can cause clinical infection especially in conditions 

of immune deficiency, diabetes or infection following 

antibiotic use4,57. Other types of fungi that, according to 

culture-based analyses, are thought to grow on the skin, 

include Debaryomyces and Cryptococcus spp.3, although 

this has not been confirmed by molecular analysis of skin 

fungal biota. Larger, more extensive studies of the human 

skin fungi are needed, as well as better approaches for 

identifying and analysing fungal sequences.

Demodex mites (such as Demodex folliculorum and 

Demodex brevis), which are small arthropods, have his-

torically been associated with rosacea, as well as a range 

of other skin disorders, including facial itching and 

chronic blephartitis58–60. Demodex mites reside in the 

pilosebaceous units, most commonly of the facial skin, 

and are considered part of the normal skin microflora60,61. 

Molecular methods for typing Demodex mites do not 

exist. Methods for isolating and identifying viruses 

from skin are just being developed, such as rolling-circle 

amplification62. These microorganisms are likely to be an 

important component of the skin eco system; thus, fur-

ther analysis of their diversity and colonization dynam-

ics are warranted (FIG. 1). To our knowledge, archaea have 

not been identified on the skin, either by culture or by 

molecular analyses.

Figure 3 | Topographical distribution of bacteria on skin sites. The skin microbiome 

is highly dependent on the microenvironment of the sampled site. The family-level 

classification of bacteria colonizing an individual subject is shown, with the phyla in bold. 

The sites selected were those that show a predilection for skin bacterial infections and 

are grouped as sebaceous or oily (blue circles), moist (typically skin creases) (green 

circles) and dry, flat surfaces (red circles). The sebaceous sites are: glabella (between the 

eyebrows); alar crease (side of the nostril); external auditory canal (inside the ear); 

retroauricular crease (behind the ear); occiput (back of the scalp); manubrium (upper 

chest); and back. Moist sites are: nare (inside the nostril); axillary vault (armpit); 

antecubital fossa (inner elbow); interdigital web space (between the middle and ring 

fingers); inguinal crease (side of the groin); gluteal crease (topmost part of the fold 

between the buttocks); popliteal fossa (behind the knee); plantar heel (bottom of the heel 

of the foot); toe web space; and umbilicus (navel). Dry sites are: volar forearm (inside of 

the mid-forearm); hypothenar palm (palm of the hand proximal to the little finger); and 

buttock. Data from REF. 42.
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Interpretation

• We know there are lots of bugs there 
anyway

• A WS cannot tell you the difference 
between infection and colonisation

• Why would we want to sample from a 
wound, and when should we do it?



Ulcers and Wounds

• All wounds are 
contaminated with 
bacteria

– Only sample 
wounds/ulcers if there is 
clinical evidence of 
infection

• Sampling from non-infected 
wounds/ulcers leads to 
unnecessary antibiotic 
treatment (Drs/nurses find it 
hard to ignore results)





Sampling
• If we suspect an ulcer or 

wound is infected, we are 
NOT interested in the 
organisms on the surface 
of the wound, but rather 
the bacteria deep down in 
the tissues

• The best samples are 
actually:
1. Tissue / biopsy / aspirate
2. Wound fluid/pus
3. Swab – properly collected

• The more of the contaminating surface bugs we can 
avoid the better





How to take a wound swab

1. Clean the surface of the wound of debris with sterile 
saline 

2. Then express fresh pus if possible, and aspirate with 
needle/syringe
a. If there’s pus, send us the pus! (much better yield than a 

swab)

3. Avoid the peri-wound areas (edges) when swabbing
4. The “Levine” technique may be better than “zig-zag”

technique
– Rotate the wound swab over a 1 cm2 area of the central

wound over an area of viable tissue (not necrotic),  with 
sufficient pressure to express fluid from within the wound 
tissue

IDSA Guidelines recommend: Recomendations for collection of specimens for culture from 
diabetic foot wounds   

http://www.nursesfornurses.com.au/admin/uploads/WoundSwabTips1.pdf



Why don’t we like swabs?



Vac Wound Swabs

• We find these even more 
difficult to interpret!

• Tend to get overgrown with 
gram negative organisms, or 
others that are resistant to 
the antibiotics the patient is 
on

• We don’t recommend taking 
swabs from these wounds 
(certainly not routinely)



Clinical Details

• “wound swab” vs “facial cellulitis”

• Very important!
• The lab knows nothing 

about your patient
• Affects all stages of 

processing
• Whether a Gram stain is 

done
• Type of culture plates
• Which antibiotics are 

tested
• How the sample is 

reported onto the system



Relevant Clinical Details for Wound 
Samples

• Animal/human bites (Pasteurella, Capnocytophaga, 
Eikenella, anaerobes etc)

• Travel (e.g. Pacific Islands -> C.diphtheriae)

• Environmental exposure (e.g. water -> Aeromonas, 
Vibrio, MVA -> Bacillus cereus, other environmental 
org.s, Soil/plant matter contamination -> fungi/other 
environmental bacteria)

• Burns (Gram negative organisms, Yeasts, other fungi)

• Immunosuppression/neutropenia (Gram negatives, 
fungi)

• Antibiotic allergies



• Because wound swabs are often heavily 
contaminated with colonising organisms 
making them difficult to interpret, we often 
ignore the results

• Treatment generally 
aimed at most common 
organisms expected in 
a given scenario…



THE USUAL SUSPECTS



The Main Offenders

• Picture of S.aureus and GAS – culture + Gram 
stain

• Staphylococcus aureus

• Beta haemolytic streps (e.g. S.pyogenes/Grp A 
strep)

• Abx:
– Flucloxacillin

– Mild penicillin allergy: cefalexin
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Swabs, sputum

Pseudomonas aeruginosa 424 IR IR IR IR IR IR IR 92 93 94 IR 93 94 92 IR 92 92 92 IR

Haemophilus influenzae 603 72 94 100 71 100 100 100 IR

Klebsiella spp all 650 IR 82 72 79 86 95 99 89 82 92 97 78 IR 95 95 95 79

Enterobacter spp 328 IR 0 IR 89 98 98 62 98 99 60 IR IR

Campylobacter spp 430 98 72 IR NA NA NA NA

Staphylococcus aureus 6837 15 87 87 87 98 88 87 99 15 97 90 94 100 97 100

Methicillin-resistant Staphylococcus aureus 891 IR 98 IR 94 IR 96 IR 78 79 100 71 IR

Streptococcus pyogenes 603 100 100 100 97 100 100 100 98 IR 100 100 100

Group B strep 521 100 100 100 83 100 100 84 IR 100 100 100

Streptococcus pneumoniae  - meningitis breakpoint 127 80 100

Streptococcus pneumoniae  - noninvasive breakpoint 127 96 81 82 96 77 100

Urine isolates

Escherichia coli from urinary sources 3284 46 77 95 95 87 72 88 98 IR 73 97 91 89 100 91 IR

Klebsiella spp from urine 408 IR 85 95 76 86 84 96 83 IR 84 98 84 90 80 IR

Bacteraemia

all major pathogens associated with sepsis 710 42 78 81 75 91 99 89 75 92 96 84 95

GNB 488 31 68 72 84 87 100 83 84 85 92 76 94

GPC major pathogens 343 57 92 92 89 55 77 81 90 97 86 96 96 92 96

Escherichia  coli 306 49 78 76 89 72 92 93 95 89 99.8 91 IR IR 96 96 96 93 92

Klebsiella spp 37 IR 97 87 95 97 97 100 97 100 100 95 IR IR 97 97 97 95 97

Staphylococcus aureus 95 23 90 90 98 93 90 100 23 100 NR NR 93 98 100 97 100 90 90

Coagulase -ve staphylococci 160 33 33 79 47 33 86 9 86 71 100 99 63 86 9 9 63 63

* one patient with CRE

Combined WDHB, HVDHB,CCDHB Hospitals Antibiogram 2016

CombinationsSecond line or restricted antibioticsRoutinely Reported antibiotics

Notes: 
The testing results do not necessarily relate to treatment choice. For example gentamicin has activity against S. aureus, but it 
is not regarded as front line therapy.
Campylobacter and pneumococcal numbers include community and hospital isolates
There were only 2 episodes where S. pneumoniae was cultured from CSF:  the numbers are too small to interpret.



MRSA

• Abx options:

– Co-trimoxazole

– Doxycycline

– Clindamycin • Wound swab useful if MRSA detected
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Swabs, sputum

Pseudomonas aeruginosa 424 IR IR IR IR IR IR IR 92 93 94 IR 93 94 92 IR 92 92 92 IR

Haemophilus influenzae 603 72 94 100 71 100 100 100 IR

Klebsiella spp all 650 IR 82 72 79 86 95 99 89 82 92 97 78 IR 95 95 95 79

Enterobacter spp 328 IR 0 IR 89 98 98 62 98 99 60 IR IR

Campylobacter spp 430 98 72 IR NA NA NA NA

Staphylococcus aureus 6837 15 87 87 87 98 88 87 99 15 97 90 94 100 97 100

Methicillin-resistant Staphylococcus aureus 891 IR 98 IR 94 IR 96 IR 78 79 100 71 IR

Streptococcus pyogenes 603 100 100 100 97 100 100 100 98 IR 100 100 100

Group B strep 521 100 100 100 83 100 100 84 IR 100 100 100

Streptococcus pneumoniae  - meningitis breakpoint 127 80 100

Streptococcus pneumoniae  - noninvasive breakpoint 127 96 81 82 96 77 100

Urine isolates

Escherichia coli from urinary sources 3284 46 77 95 95 87 72 88 98 IR 73 97 91 89 100 91 IR

Klebsiella spp from urine 408 IR 85 95 76 86 84 96 83 IR 84 98 84 90 80 IR

Bacteraemia

all major pathogens associated with sepsis 710 42 78 81 75 91 99 89 75 92 96 84 95

GNB 488 31 68 72 84 87 100 83 84 85 92 76 94

GPC major pathogens 343 57 92 92 89 55 77 81 90 97 86 96 96 92 96

Escherichia  coli 306 49 78 76 89 72 92 93 95 89 99.8 91 IR IR 96 96 96 93 92

Klebsiella spp 37 IR 97 87 95 97 97 100 97 100 100 95 IR IR 97 97 97 95 97

Staphylococcus aureus 95 23 90 90 98 93 90 100 23 100 NR NR 93 98 100 97 100 90 90

Coagulase -ve staphylococci 160 33 33 79 47 33 86 9 86 71 100 99 63 86 9 9 63 63

* one patient with CRE

Combined WDHB, HVDHB,CCDHB Hospitals Antibiogram 2016

CombinationsSecond line or restricted antibioticsRoutinely Reported antibiotics

Notes: 
The testing results do not necessarily relate to treatment choice. For example gentamicin has activity against S. aureus, but it 
is not regarded as front line therapy.
Campylobacter and pneumococcal numbers include community and hospital isolates
There were only 2 episodes where S. pneumoniae was cultured from CSF:  the numbers are too small to interpret.

More common in Maori or Pacific Island



Diabetics

• Staph aureus

• Beta-haemolytic
streptococci

• Anaerobes:

– Augmentin (good staph/strep cover)

– Metronidazole (no staph/strep cover)



Other Organisms

• Gram negative organisms e.g. Pseudomonas, 
Enterobacteriaceae e.g. E.coli, Klebsiella

– Not primary skin/soft tissue pathogens

• Don’t tend to target these organisms with Abx treatment 
unless failing + found on culture, or certain situations:

– Burns

– Immunocompromised or debilitated patients

– Other specific situations e.g. wounds sustained in 
water, flooding victims, bites etc



A Common Question…

• Swab of wound grows 
heavy growth of 
Pseudomonas aeruginosa

• What should we treat 
with?



Pseudomonas aeruginosa

• Opportunistic pathogen
• Environmental/aquatic 

organism
– Lives everywhere, including 

hospital taps
– Spa pool folliculitis

• Readily forms biofilm e.g. in 
taps

• Naturally resistant to many 
antibiotics
– Selected out in patients 

receiving antibiotics

• Unsurprisingly, finds its way 
into chronic ulcers/wounds!



Pseudomonas aeruginosa

• Naturally resistant to 
many antibiotics

– Presents treatment 
difficulties

– Only one option for oral 
treatment: ciprofloxacin

• Side effects (FDA Boxed 
Warning)

• Resistance develops 
easily



A Common Question…

• Swab of wound grows 
heavy growth of 
Pseudomonas aeruginosa

• What should we treat 
with?



BIOFILMS





• Complex community of bacteria bound in matrix
– Protects them from environmental and other stresses
– Interact in complex ways, bugs behave very differently in biofilm

• Biofilm bacteria 50-1000x more tolerant to ABx:
– Abx can’t penetrate the matrix very well
– Bugs share resistance enzymes and genes
– Bacteria less metabolically active
– Adverse conditions e.g. low pH
– Lab susceptibility testing designed for planktonic bacteria, NOT 

biofilms



• Antibiotics not effective at eradicating biofilms

– Poor blood supply in chronic wounds (Abx don’t get in)

– Also more likely to generate resistance

• Need to physically remove the biofilm

– Debridement/wound care



ANTIBIOTIC RESISTANCE & 
STEWARDSHIP
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Figure 3. Annual per capita consumption of antimicrobials, by community-based 

patients in New Zealand, measured in DDDs/1000 population/day, between 2005 

and 2012  
 

 
 

Note: Community pharmacy dispensing data for antimicrobials was obtained from the National 

Pharmaceutical Collection, in the Ministry of Health;
12

 and the number of people resident in New 

Zealand during each year was obtained from Statistics New Zealand.
13

 

 

The overall level of consumption of antibiotics, by community-based patients in New 

Zealand in 2010, was less than that in Greece, Belgium, France and Italy, but was 

greater than that in Spain and most other European countries (Figure 4).
10  

The level of antimicrobial consumption in New Zealand in recent years is most 
comparable with those European countries that are widely considered to have 

profligate levels of antimicrobial consumption, and that in consequence have high 

levels of antimicrobial resistance. 
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Figure 4. Annual per capita consumption of antimicrobials by community-based 

patients, in various European countries 
10

 and in New Zealand, during 2010, 

measured in DDDs/1000 population/day  
 

 

 

Programs to reduce antibiotic consumption in New Zealand are urgently 

needed 

New Zealand needs to promptly institute a range of effective measures to reduce 

antimicrobial consumption. In the absence of such measures the prevalence of 

resistance in common pathogens will rise quickly and we will suffer the consequences 

outlined above.  

Since 1999 New Zealand’s Pharmaceutical Management Agency (PHARMAC) has 

funded and managed the Wise use of antibiotics campaign that was associated with a 

dramatic decline in prescriptions for amoxycillin plus clavulanate during 1999 and 

2000,
14

 and that probably also contributed to the slower rate of growth in overall 

consumption since 2009 (Figure 3).  

The slower rate of growth of antimicrobial consumption in recent years may also be a 

result of increased prescriber compliance with the guidance provided by the Best 

Practice Advocacy Centre (BPAC)
15

 and attention by prescribers to the feedback from 

BPAC about their level of antimicrobial prescribing. However, despite these efforts to 

encourage prudent antimicrobial prescribing in New Zealand, the per capita 

consumption of antimicrobials has grown, rather than stayed level or declined. 

Sustained reductions in antimicrobial consumption in New Zealand in the coming 

years will require recognition that this is a goal with major long-term benefits. 

Reducing the level of antimicrobial consumption is analogous to increasing the level 

of infant immunisation: effort expended now is more than repaid in the future.  
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Note: The per capita level of antimicrobial consumption by community-based patients is commonly 

measured in defined daily doses (DDDs) per 1000 population per day. The DDD is the weight of each 

medicine that has been agreed by an international panel to be the standard daily dose used when 

treating an otherwise healthy adult (e.g. oral amoxicillin: 1g; roxithromycin: 300mg; ciprofloxacin: 1g; 

doxycycline: 100mg; trimethoprim: 400mg).
11

 

 

Antibiotic consumption in New Zealand has risen rapidly and is high by 

international standards 

Antimicrobial consumption in New Zealand has been relatively prudent in the past, 

and consequently the prevalence of antimicrobial resistance in most organisms has, 

until recently, been relatively low.  

However, in New Zealand during the 7 years between 2005 and 2012, annual per 

capita antimicrobial consumption by community-based patients increased by 43%, an 

average annual increase of just over 6% (Figure 3). 
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Antimicrobial resistance

United Nations high-level meeting on

antimicrobial resistance

Antimicrobial resistance summit to shape the international

agenda

Date: 21 September 2016

Place: New York, USA

Antimicrobial resistance (AMR) has become one of the biggest threats to

global health and endangers other major priorities, such as human

development. All around the world, many common infections are

becoming resistant to the antimicrobial medicines used to treat them,

resulting in longer illnesses and more deaths. At the same time, not

enough new antimicrobial drugs, especially antibiotics, are being

developed to replace older and increasingly ineffective ones.

Global leaders will meet at the United Nations General Assembly in New

York in September 2016 to commit to fighting antimicrobial resistance

together. This is only the fourth time in the history of the UN that a health

topic is discussed at the General Assembly (HIV, noncommunicable

diseases, and Ebola were the others). Heads of State and Heads of

Delegations are expected to address the seriousness and scope of the

situation and to agree on sustainable, multisectoral approaches to

addressing antimicrobial resistance.

Please note that this webpage will continue to be updated throughout

2016.

General Assembly of the United Nations: High-level Meeting programme
and documents



Topical Antibiotics

• NZ has very high fusidic acid resistance
– BPAC guidelines suggesting use

• Gene for fusidic acid resistance carried with gene 
for common NZ MRSA clone (AK3)

http://www.bpac.org.nz/2017/topical-antibiotics-1.aspx



Topical Antimicrobials

• Topical antibiotics not 
recommended in 
general (esp. if also 
available systemically)

• Preference for other 
antimicrobial/antisepti
c agents if required to 
reduce colonisation
– Less likely to drive 

resistance to useful 
antibiotics

http://www.bpac.org.nz/BPJ/2014/October/topical-antibiotics.aspx



How Can We Help?

• Good wound care to decrease the risk of 
infection

• Good clinical assessment of whether wounds 
infected
– Don’t give antibiotics for colonisation!

• Avoid topical antibiotics – use of topical 
antiseptics/antimicrobials if required



How Can We Help?

• Don’t send samples for micro unless there is 
clinical evidence of infection

– Sampling is often the first step along the path to 
an antibiotic prescription

– We know we will grow bugs – someone will want 
to treat them if we show this on a lab report

• Appropriate, timely narrow spectrum Abx
treatment for most, if clinical infection



CASES



Case 1.

• 70 year old lady

• Doing some gardening

• Rusty nail puncture wound to ankle

• Saw GP – tetanus, sutured, dressings

– Healed up

• But, 3 weeks later developed swelling and 
redness at site…



Case 1.

• Treated with flucloxacillin, ongoing swelling

• Referred to orthopaedics

– Local fluctuance, concern for abscess

– Underwent MRI…





Case 1.

• Underwent operative debridement

• Wound slow to heal -> Vac

• Ongoing issues, not healing

• Flucloxacillin -> Augmentin -> Co-trimoxazole





Case 1.

• What do we do?

• Call ID!

• Given her mechanism of injury, suggested 
tissue biopsy for mycobacterial and fungal 
culture…





Case 1.

• Mycobacterium abscessus

• A ‘non-tuberculous’ mycobacteria
– Lives in the environment, on decaying vegetable 

matter, in water etc

– Resistant to many antibiotics

– Suspect if inoculation injury

• Treated with six months of clarithromycin + 
moxifloxacin





Case 2.







Case 2.

• What’s the bug?

• The clue is that he sustained his injury in 
Tokelau…





Diphtheria

• Corynebacterium diphtheriae
– Respiratory/pharyngeal
– Cutaneous
– Caused by toxigenic strains

• Cardiac and neurotoxicity

• Very rare in developed countries due to 
vaccination

• We see it not uncommonly in our lab
– Mostly non toxigenic strains
– Association with travel to Pacific Islands
– Traditional tatooing



Case 3.

• Travelled to Thailand

• Spent lots of time walking barefoot on 
beaches

• A week after returning, developed this…





Case 3.

• What is it?



Cutaneous Larva Migrans



Take Home Messages

• All wounds have bugs in them whether they’re infected or 
not – they will grow if sample is taken!

• We should only take samples if there is clinical evidence of 
infection
– They don’t tell us if treatment is required or not, but act as a 

guide to what the best antibiotic might be

• Pus or tissue is much better than a swab
• Antibiotics don’t work against biofilms – need physical 

removal
• Staph aureus and beta-haemolytic streptococci are the 

most important bugs
– We try not to treat Pseudomonas and other gram negatives 

with antibiotics if possible



Thanks for your attention

maxim.bloomfield@ccdhb.org.nz


