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Assessment and Microbiology 
Testing of Fluids 
Marta Costa 

Fluid samples are often collected in veterinary clinical practice to either establish the cause for 
fuid accumulation (e.g. body cavity efusions) or assess underlying pathologies associated with 
the organs or systems where the fuid is present (e.g. bile, cerebrospinal fuid [CSF], etc.). 

In some instances, fuids can be instilled and collected from lavages to help evaluating 
the target organs (e.g. bronchoalveolar lavage [BAL], prostatic washes). 

1.1 General Recommendations for Collection of Fluid Samples 

Specifc collection details for each fuid type are discussed in the dedicated chapters. 

Site preparation 
• Sterile collection of the sample is always recommended. 
• Te area should be clipped and cleaned with alcohol. 
• For ultrasound-guided samples, contamination with ultrasound gel should be avoided by 

cleaning the area and using alcohol or sterile water as a coupling medium. 

Materials 
• Clippers. 
• Disinfectant. 
• Needles (21–25 G) and butterfy needles. 
• Syringes (2–10 ml). 
• Tree-way stopcock: this can be used to facilitate collection of large amounts of fuid. 

Collection into a urine collection bag may help prevent environmental contamination. 
• EDTA and sterile, leak-proof plain tubes. 
• Glass slides. 

1.2 General Sample Processing 
Macroscopic appearance 
• Te macroscopic characteristics of the fuid are recorded, as these can provide useful information 

on its composition. 
• Tey include the following: 

◦ Colour: colourless, pink (blood tinged), yellow (e.g. icteric sample), green (bile), etc. Te 
sudden appearance of blood during aspiration is a reliable indicator of a traumatic tap. 

◦ Turbidity: it can be assessed by the ability to read the label through a flled tube, as 
shown in Fig. 1.1. 
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Fig. 1.1. Fluid turbidity assessment. From left to right: clear, moderately turbid and turbid fuid. Assessment of 
turbidity can be achieved by looking through the fuid across a label. In a clear fuid (left), a label can be read 
through the flled tube. In a moderately turbid fuid (centre), this becomes more diffcult, and it is not possible any 
more in a turbid fuid (right). 

Container selection and sample handling 

• EDTA tube: used for preparation of cytology samples and to measure total cell count (when 
required). It can also be used for ancillary tests, such as polymerase chain reactions (PCRs) 
and fow cytometry. 

• Plain sterile tubes: used for biochemistry analysis and culture testing. 

Pearls and Pitfalls 
• Some reference laboratories recommend to collect an aliquot of fuid into a separate 

EDTA tube and add a drop of formalin to improve cell preservation. However, this is 
discouraged if only one tube is available because formalin interferes with the staining 
quality of the cells and would make the sample unsuitable for any further testing. 

•  If sample handling and processing are delayed, specimens should be stored refrigerated 
until they reach the external laboratory, in order to slow down degeneration of cellular 
elements and decrease bacterial overgrowth. 

•  Refrigeration may result in some spurious changes (e.g. in vitro formation of urine crystals). 
•  Samples should not be frozen, as this will cause cell rupture. 
•  Samples for culture placed in transport medium should not be refrigerated. 
•  Sample recommendations for urine samples will depend on the collection method. 
•  When using serum clot activator tubes to collect fuid samples, amorphous (contamin-

ant) structures may be found at times. Tese may vary in shape but often appears as 
rectangular, square, ladder-type, or round unstained structures. 
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 Fig. 1.2. Unstained ladder-like and round structures (contaminants) from a fuid sample collected in a serum clot 
activator tube. Wright-Giemsa. (Courtesy of William Gow.) 

1.3 Slides Preparation 

Fresh direct smears should be prepared for all fuids that are collected for cytological examination, 
particularly if samples are not processed immediately. 

1.3.1 Smear preparation techniques 
Depending on the characteristics and cellularity of the fuids, diferent techniques can be used 
to prepare fresh smears. 

Squash preparation 
Use 
• Recommended for highly viscous fuids or when focculent material is recovered.
• It can also be used to spread the cell pellet obtained from a fuid concentration (sediment).

Technique 
• A drop of fuid is placed on one slide (Fig 1.3. A). A spreader slide is laid across the sample

slide at right angle and the sample allowed to spread. With no downward pressure, the two
slides are pulled apart (Fig. 1.3. B), creating two smears.

• Both smears should be retained for examination.
• Excessive downward pressure applied during the procedure may result in cell rupture.
• Slides obtained with this technique should have a fame shape (Fig. 1.3. C), ending before

the edge of the slide. Most of the material will lie in the centre of the slide with all margins
being examinable. Cells should be intact and distributed in a monolayer.
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Fig. 1.3. Squash preparation technique. 

Blood smear technique 
Use 
• Recommended for fuid samples that appear turbid or with a blood-like appearance. 

Technique 
• Slide can be prepared using the blood smear technique. 
• A drop of specimen is placed at the end of a slide. Te end of a second slide is placed in front 

of the drop at approximately a 30°–45° angle and slide backwards until it comes into 
contact with the sample drop. Te sample will spread out along the width of the spreader 
slide. Te spreader slide is advanced forwards, creating a smear with a feathered edge. 

• To avoid creating excessively long smears, a greater angle of the spreader slide can be used, 
especially when the fuid is poorly cellular. 

Line smear preparation 
Use 
• Used to concentrate poorly cellular fuids, when further instrumentation is not available. 

Technique 
• Te procedure is similar to the blood smear technique, but instead of completing the smear, 

the spreader slide is lifted vertically prior to formation of a feathered edge. Tis results 
in concentration of cells along the ‘line’ where the smear is interrupted. 

• Tis thick concentrated area (where the excess fuid has dried) allows to assess more cells in 
a smaller section of the slide. However, cellular morphology may be compromised by cells 
being poorly spread and condensed. 
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 Fig. 1.4. Line smear preparation. (Left) Note the line of concentrated cells in the middle of the smear, instead of a 
feathered edge. (Right) Microscopic appearance of the concentrated area. 

Sediment smear 
Use 
• Recommended procedure for hypocellular fuids. 
• Sediment preparations can also be used to concentrate cells in more cellular fuids when needed. 
• Cell estimates are not possible from concentrated smears. 

Technique 
• Fill a conical-tip centrifuge tube with the fuid. Centrifuge at low speed (~400 g) for 5 min. 
• After centrifugation, remove most of the supernatant with a pipette. Resuspend the 

sediment with the remaining fuid. 
• Collect a drop of that fuid with a pipette, and transfer it on to a microscope slide. Use 

either a line or blood smear technique. 
• For hypocellular fuids with a low protein concentration, the use of precoated slides may be 

considered and would facilitate cell adhesion. 

Pearls and Pitfalls 
Tere is often confusion about the relationship between RPM (revolutions per minute) and RCF  
(relative centrifugal force - also known as G force), and which parameter is most important in  
centrifugal applications. In a centrifugal process, RCF/G force is what is afecting the sample, so  
it’s important that this is known. To calculate RCF/G force from RPM, the following equation can  
be used: RCF = 1.1118 x 10^-5 x R x RPM^2. R is radius of the rotor expressed in centimeters.  
If you would rather not do the calculations yourself, there are online converters available to help. 
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Buffy coat preparation 

Use 
• Concentration technique seldomly used in haemorrhagic fuids. 

Technique 
• Prepare a microhaematocrit tube with the fuid specimen. 
• After spinning at high speed with a dedicated centrifuge, break the tube just below the bufy coat 

area. Expel the bufy coat material on to a slide, and smear it using the blood smear technique. 

Fig. 1.5. Buffy coat procedure. (Left) Microhaematocrit tube. Note the white area within the tube representing the 
buffy coat. (Centre, Right) Microscopic appearance of the buffy coat on the smear at low and high magnifcation. 

Cytospin 
Use 
• Technique often used in referral laboratories to process hypocellular fuids. 
• Te aim is to concentrate the cellular elements on to a glass slide while maintaining good 

cellular preservation. 



 
7 

Collection, Preparation, Assessment and Microbiology Testing 

 

 

  

 
 
 

  

 
 

Fig. 1.6. Cytospin technique. (Left) Cytospin preparation. Note the circular area on the slide containing most cells 
from the fuid sample. (Right) Microscopic appearance of the concentrated area. 

1.4 Slide Staining 

• Stains most commonly used for cytology fuid specimens are of Romanowsky type and
include:
◦ Rapid stains: e.g. Dif-Quik.
◦ Wright-Giemsa.
◦ Modifed Wright stains.

• Wright stains provide excellent nuclear detail, including adequate staining of mast cell
granules.

• Staining protocols should follow manufacturer recommendations.
• Some stains can be used to highlight the presence of certain organisms (Chapter 9).

Pearls and Pitfalls 
Slides must be fully air-dried before any staining procedure is applied. In viscous and thick samples  
(e.g. synovial fuids), this may take longer. Allow smears to dry by waving them or using a hair  
dryer or fan in cold settings. No additional fxation is necessary ahead of staining. 
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1.5 Cell Count 

• Nucleated cell count is routinely performed for selected body fuids (e.g. CSF, synovial fuid, body 
cavity efusions), but not for fuids obtained from the respiratory tract (e.g. nasal fush, tracheal 
wash, bronchoalveolar lavage), as their cellularity is strongly dependent on the sampling procedure. 

• Manual count using a modifed Neubauer chamber is the most common method used for 
CSF and synovial cell count. For most other fuids, nucleated cell count is obtained via an 
automated haematology analyser. 

• Accuracy of automated cell count will vary depending on the analyser and fuid matrix. 
Fluids with clots or focculent material will result in inaccurate cell counts (falsely reduced 
numbers). Cell counts from fuids that are thick and dense may also be inaccurate and can 
cause blockage of the haematology analyser. 

• For some fuids (e.g. synovial fuids), a subjective cell estimate can also be made from the 
monolayer of a well-spread smear and is discussed in the dedicated chapters. 

1.6 Biochemistry Assays 

• Biochemistry assays can be performed for most fuids as part of the routine analysis or to 
answer specifc questions. 

• Te most common biochemistry assay performed on body cavity fuids is total protein. 
• Ideally, the fuid sample for biochemistry assays is collected in a plain sterile tube, but most 

assays can be performed on EDTA samples. 
• Te biochemistry analysis (dipstick and urine proteine:creatinine ratio) on urine must be 

performed on plain urine. 

1.7 Microbiology Testing in Body Cavity Fluids 

Investigations for an underlying infectious disease can be done by diferent direct and indirect methods. 

1.7.1 Direct visualization of bacteria 
• Cytological evidence of organisms in fuids has high specifcity for the presence of an infec-

tion, particularly when associated with infammation and when intracellular organisms are 
identifed. Unfortunately, this has a relatively low sensitivity as a diagnostic technique, and 
false-negative results often occur. Te presence of commensal fora or environmental con-
taminants superimposed on sterile infammation may lead to false positives, which should 
be carefully interpreted in non-sterile fuids (e.g. free catch urine, nasal fush). 

Advantages 
• It provides additional context for relevance of the organisms recovered on culture. 
• It aids in the diferentiation between transient colonization and true infection. 
• It aids in identifying the predominant organism in mixed cultures. 
• It sometimes allows identifcation of the pathogens in cases of false-negative cultures that 

may occur in the following situations: 
◦ Presence of fastidious or slow-growing organisms. 
◦ When inhibitors that may preclude bacterial growth have been used prior to sample 

collection: e.g. antimicrobial therapy. 
◦ When organisms are present but non-viable. 



 
9 

Collection, Preparation, Assessment and Microbiology Testing 

 
 

 

 
 

 

 

 

 
 

 
 

 

 

  

 

 

Limitations 
• It does not distinguish between the presence of viable and non-viable organisms. 
• In most cases, it does not allow for a defnitive and accurate identifcation of infectious 

agents involved at a genus/species level. 
• It is unable to distinguish between a primary infection caused by obligate pathogens and 

overgrowth of normal commensal fora or contamination with opportunistic environmen-
tal organisms. 

• It does not provide information that may guide targeted antimicrobial treatment, and 
additional tests are required for getting that information. 

1.7.2 Special stains 
Te use of special stains can increase the sensitivity of identifcation of organisms on cytological 
specimens. Cytochemical and immunocytochemical stains that can be used to identify diferent 
types of organisms are extensively discussed in Chapter 9. 

1.7.3 Direct visualization of other infectious organisms 

• Fungal organisms can also be found on cytology examination. Presumptive identifcation 
on cytology is based on morphology and often aided by the geographical area and anatom-
ical location of the infection. 

• Identifcation of fungal organisms can be challenging using routine stains, and the lack of 
organisms on cytology does not exclude infection. Special stains, such as periodic acid-Schif 
(PAS) and Gomori methenamine silver (GMS), can improve detection of these organ-
isms on cytological examination (Chapter 9). 

• Several studies in the human feld have revealed overlap in morphology between species of 
fungal organisms and limitations in cytological identifcation that may lead to inappropriate 
antifungal treatment choices. Terefore, confrmatory tests of the presumptive cytological 
diagnosis are recommended. 

• Similarly to bacteria, fungal organisms can represent contaminants from the environment 
or opportunistic pathogens. Yeasts can be part of the normal commensal fora or may cause 
infections. Terefore, cytological and clinical information is helpful in interpreting the 
signifcance of these organisms when cultured. 

• Parasite and protozoal detection on cytology can also be of low sensitivity but is highly specifc 
when present. Identifcation of these organisms is often sufcient to indicate infection. How-
ever, due to the low sensitivity of cytological methods for the detection of these organisms, 
additional diagnostic tests are recommended when infection is suspected or needs to be ex-
cluded. 

• Knowledge of the life cycle and physiopathology of the infectious agent is needed to select 
the best diagnostic modality. As per fungal organisms, cytomorphological overlap between 
diferent species can occur; therefore, correlation with clinical fndings and risk of exposure 
may aid in prioritizing diferentials. 
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 Fig. 1.7. Ziehl-Neelsen stain. Acid-fast bacilli are bright red after staining. 

1.7.4 Microbiology culture 
As for cytological examination, quality of the sample will infuence the diagnostic yield of micro-
biology assays. 

1.7.4.1 General recommendations for collection of samples 
for culture 
• Samples should be collected for culture prior to starting antimicrobial therapy. When this 

cannot be withheld, a sample should be collected as soon as possible and the initiated 
therapy mentioned in the submission form. 

• Samples should be collected into a sterile leak-proof container (simple plain sterile tubes or 
tubes with a medium). Where possible, sterile collection is encouraged. 

• Ideally, a minimum fuid volume of 1–5 ml should be submitted for culture testing. 
• Samples rather than swabs of the fuids are the preferred specimen type to facilitate compre-

hensive investigation. Use of swabs with transport media can be used when less volume is 
available or where there is concern for organism viability (e.g. viral culture or anaerobes). 

• For selected fastidious organisms (e.g. Mycoplasma spp.) or viral culture, special media are 
recommended. Fastidious organisms are those with complex or specifc growth requirements 
that may not be easily cultured without those specifc conditions. 

• Te use of swabs is not recommended for urine samples, as it does not allow for quantifcation 
of organisms. Urine samples have their own set of recommendations that depend on the 
collection method. 

• For selected fuids (e.g. CSF or synovial fuids), the use of blood culture bottles or spe-
cifc enrichment media can increase the likelihood of identifying a bacterial infection. As 
for the boric acid, recommended sample volumes should be respected. When lower vol-
umes are used, the sensitivity of the culture is decreased. 
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• Samples should reach the microbiology laboratory as soon as possible after collection. If not 
placed in transport medium, samples should be kept moist and refrigerated (except for 
anaerobes). 

• Some organisms have a zoonotic potential (e.g. Brucella spp. and Blastomyces spp.) and may 
lead to laboratory-acquired infections. In such cases, immunoassays or molecular testing 
may be more appropriate than culture. When a zoonosis is suspected clinically, this should 
always be mentioned in the submission form. 

1.7.4.2 Bacterial aerobic culture 
• Aerobic cultures should be considered for any sample where a bacterial infection is suspected. 
• Selection of culture media and incubation conditions vary depending on the target site and 

organism(s) of interest. 
• For selected organisms such as Mycoplasmas, Actinomyces and Mycobacteria, special 

media, incubation conditions and culture times difer. Terefore, when the presence of 
these organisms is suspected (clinically or cytologically), the microbiology laboratory should 
be informed. 

1.7.4.3 Bacterial anaerobic culture 
• Anaerobic cultures should be considered for any fuid where anaerobic bacteria may fnd ap-

propriate conditions for growth (reduced oxygen content). Tere are several anaerobes that are 
part of the commensal fora, particularly in the upper and lower gastrointestinal tract. 

• In fuid samples, anaerobes are most commonly seen in body cavity fuids or bile. 
• Anaerobes can also be of clinical signifcance in: 

◦ Any fuid that is associated with penetrating wounds or migrating foreign bodies. 
◦ In the respiratory tract, if associated with aspiration pneumonia. 

• Anaerobic infections are often mixed, either with multiple anaerobes (mixed anaerobes 
recovered) or with concurrent aerobes and facultative bacteria (e.g. Pasteurella spp., Escherichia coli 
or other Enterobacterales). 

• Te volume of specimen infuences the stability of the sample. Large volumes of fuid maintain 
viability of anaerobes for longer. Anaerobes do not survive when exposed to oxygen. Terefore, 
in vitro recovery is increased if contact with air is reduced. Tis may be achieved by: 
◦ Collecting a sufcient amount of fuid to fully fll the tube. 
◦ Using appropriate transport media (recommended). 

• Anaerobes are particularly susceptible to delayed analysis, and samples should be processed 
as soon as possible, ideally within 24 h from collection. Organisms may remain viable in the 
media up to 48 h. Te older the sample, the lower the bacterial recovery. 

• Samples for anaerobic culture should ideally not be refrigerated, as oxygen difuses into cold 
specimens more rapidly than specimens held at room temperature. However, refrigeration 
of samples not placed in culture media is preferable for the remaining fuid analysis (includ-
ing aerobic microbiology). 

• Anaerobic culture requires special culture conditions. Anaerobes grow more slowly than 
aerobes, so results are usually delayed when compared with aerobic culture results. 

1.7.4.4 Bacterial identifcation 
Correct bacterial identifcation to the genus and also to the species level is important to provide 
a more accurate assessment of the signifcance of growth. It is also relevant to ensure the correct 
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antimicrobial susceptibility testing is performed and to assess for intrinsic antimicrobial resist-
ance and treatment guidelines. 

Bacterial identifcation can be performed by diferent methods: 

• Presumptive bacterial identifcation starts with evaluation of growth characteristics of
recovered colonies in diferent media (e.g. haemolysis in blood agar or lactose fermentation).

• Gram staining is used to diferentiate between Gram-positive and Gram-negative organisms
and between cocci and bacilli (rods).

• Biochemistry reactions (e.g. catalase, coagulase and oxidase) are used for separation into
large groups of organisms (e.g. catalase-positive Gram-positive cocci).

• Selective and chromogenic media may be used to presumptively identify specifc pathogenic organisms. 
• Commercial biochemistry strips or batteries of assays can be used to more fully identify

bacteria based on their enzymatic activity or sugar metabolism. Similar automated assays
are available and allow for identifcation of bacteria in 24–48 h. Newer technologies allow
for quicker identifcation of organisms and are becoming more common in veterinary
microbiology (e.g. MALDI-TOF-MS).

• MALDI-TOF-MS stands for matrix-assisted laser desorption ionization time-of-fight mass
spectrometry. Tese systems use mass spectrometry to analyse the chemical composition
of an organism and allow its accurate and quick identifcation, providing that there is a
reference spectrum for the organism in the database used. Clinical and veterinary databases
are constantly being improved, allowing for correct identifcation of most organisms of
interest in routine veterinary microbiology.

• MALDI-TOF methods can be used for anaerobic and anaerobic bacteria and for identifcation 
of some yeasts and fungi. Te accurate and quick results allow for a shorter turn-around-
time and better processing of mixed cultures and samples from non-sterile sites, where
commensal or environmental organisms can more easily be diferentiated from pathogens.
Te more accurate identifcation of the organisms allows the identifcation of the correct
antimicrobial susceptibility breakpoints (e.g. using the correct method of screening for
methicillin resistance in diferent species of staphylococci).

• Identifed organisms are then evaluated for signifcance by taking account of the following:
◦ Species of the organism.
◦ Species of the patient.
◦ Specimen origin.
◦ Collection method (sterile vs non-sterile).
◦ Level of growth (profuse vs scant).
◦ Growth in mixed vs pure culture and predominance of growth in mixed cultures.
◦ Additional clinical data, such as clinical history (including prior antimicrobial treat-

ments), cytology results and other diagnostic fndings. Tese are critical points in the
evaluation of the results and require experience to provide the best outcome.

1.7.4.5 Antimicrobial susceptibility testing 

Glossary and defnitions 
AMR: Antimicrobial resistance 
AST: Antimicrobial susceptibility testing 
Clinical breakpoint: Interpretative criteria for the assessment of AST results based on the ex-
pected efective concentration of the antimicrobial at the site of infection, following systemic 
administration at established doses. 
CLSI: Clinical and laboratory standards institute 



 
13 

Collection, Preparation, Assessment and Microbiology Testing 

 

 

 

 

  

 
 

  

 

 
  

 
  

 

  
 

 

EUCAST: European Committee on AST 
MDR: Multidrug-resistant bacteria 
MIC: Minimum inhibitory concentration. Te lowest concentration of antimicrobial drug that in-
hibits visible growth of an organism over a defned incubation period, most commonly 18–24 h. 
VetCAST: Veterinary committee on antimicrobial susceptibility testing 

• AST assesses the in vitro likelihood of treatment efcacy of systemic antimicrobial therapy
by comparing test results with established guidelines.

• Given the increased recognition of AMR in organisms recovered from veterinary patients
and the known impact of AMR in global One Health, AST is essential for best practice in
treatment of bacterial infections and appropriate antimicrobial use.

• AST can be performed using dilution or difusion methods and may provide quantitative
(e.g. MIC) or qualitative results (susceptible, intermediate susceptibility and resistant), as
established by either CLSI or VetCAST (a subcommittee of the EUCAST).

• The MIC value or area of zone inhibition read by disk diffusion is compared with the 
clinical breakpoint to determine susceptibility and to classify the organism as susceptible,
intermediate or resistant. Diferent defnitions for the qualitative categories are considered,
depending on guidelines used. Briefy:
◦ Susceptible: an organism that is likely to respond to a standard antimicrobial dose regimen. 
◦ Intermediate: an organism that may not respond to the standard dose regime, but in-

creased exposure to the antimicrobial (by adjusting the dosing regimen or by increasing
the concentration at the site of infection) increases likelihood of therapeutical response. 

◦ Resistant: an organism is categorized as resistant when there is likely therapeutical 
failure, even if there is increased exposure.

Exact defnitions can be found at https://www.eucast.org and https://www.clsi.org/. 

• Clinical breakpoints should be defned for each combination of organism, antimicrobial and
species of the patient, and for diferent target sites, if there are diferences in tissue distribu-
tion (e.g. concentration of antimicrobial in urine). Unfortunately, this information is not avail-
able for many antimicrobials for diferent species of veterinary interest. In such cases, human or 
other species’ breakpoints might be the only available resource, which may not refect the
efcacy in vivo due to interspecies diferences in pharmacokinetics and pharmacodynamics.
Eforts are under way to expand the number of breakpoints available in veterinary medicine.

• AST results may not be reported for all antimicrobial-organism combinations for several
reasons:
◦ Tere are no clinical breakpoints defned for that organism or antimicrobial combination.
◦ The organism is intrinsically resistant, and clinical failure is expected even if it

appears susceptible in vitro. Table 1.1 shows selected intrinsic resistances for organisms
commonly reported in veterinary samples.

◦ An equivalent antimicrobial is reported and allows for predicted susceptibility (e.g. En-
terobacterales susceptible to ampicillin can be considered susceptible to amoxicillin or a
single frst-generation cephalosporin is tested with results valid for all frst-generation ceph-
alosporins). In such cases, the S, I and R categories may be reported without an MIC.

◦ For some organisms, growth characteristics preclude routine susceptibility testing
in most laboratory settings. In these cases, published reports in medical literature
and current consensus recommendations for therapy may be provided.

◦ Te use of some antibacterial drugs should be restricted to severe MDR infections, and
selective reporting can be useful in reducing inappropriate use.

https://www.clsi.org
https://www.eucast.org
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1.7.4.5.1 AST diffusion methods 
• Difusion methods include the following:

◦ Disk difusion methods: these only provide a qualitative result.
◦ Gradient difusion method (also known as Etest): it provides an MIC.

• In disk difusion techniques, paper disks impregnated with predetermined concentrations
of antimicrobial are placed upon an inoculated plate. After incubation, the diameter of the
zone of inhibition is read and compared with established breakpoints to classify the isolate
as susceptible, intermediate or resistant.

• Te Etest involves the use of a plastic strip coated with an antimicrobial gradient on one
side and an MIC interpretive scale on the other side. Te strip is placed on an inoculated
plate, and the antimicrobial drug difuses into the medium. After incubation, there is an
elliptical zone of growth inhibition around the strip. Te MIC is read at the point of inter-
section of the ellipse with the MIC scale on the strip.

1.7.4.5.2 AST dilution methods 
• Broth macrodilution, broth microdilution and agar dilution methods can be performed

to determine the minimum inhibitory concentration (MIC). Broth microdilution
method is the most commonly used system in commercial systems for MIC determin-
ation. Bacteria are inoculated on a plate with twofold dilutions of antimicrobials, with
concentrations that include clinical breakpoints. Te concentration range included var-
ies with the drug and the organism being tested.

• After incubation, the results can be determined visually or by the use of semiautomated or
automated instruments.

• Clinical breakpoints are then compared with the obtained MIC to classify the organism
into susceptible, intermediate or resistant. Te MIC concentration is also reported.

1.7.4.5.3 Interpretation of  AST results 
• Diferent combinations of antimicrobials can be reported for diferent isolates, depending

on the organism and site of infection.
• Antimicrobials for which the organism is known to have intrinsic resistance are not usually

tested. Table 1.1 shows a basic list of intrinsic resistances that can be noted within common
organisms recovered in veterinary microbiology samples. However, this is a general over-
view, and intrinsic resistances can vary within diferent species of the same genus. A more
comprehensive list is available on EUCAST and CLSI guidelines.

A general guide to interpreting MIC results with examples is provided in Appendix 1. 
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 Fig. 1.8. Antimicrobial susceptibility test by disc diffusion showing zone of inhibition. 

1.7.4.5.4 Selection of the more appropriate antimicrobial 
• Selection of the best antimicrobial is not limited to the AST results, and additional factors 

must be considered when making this choice: 
◦ Site of infection. 
◦ Tissue penetration of the antimicrobial at site of infection: 

▪ Degree of infammation and vascular supply may impact tissue penetration. 
▪ Presence of necrosis and purulent material may limit efficacy of some 

antimicrobials. 
▪ Te use of topical antimicrobial can achieve much higher concentrations than the 

ones used to establish the clinical breakpoints; therefore, efcacy of topical treat-
ment is not predicted by AST results. 
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◦ Safety and ease of use for the patient:
▪ Age.
▪ Immunocompetence.
▪ Kidney, liver disease or other possible toxic efects.

◦ Disease severity:
▪ Infuences choice of topical vs oral vs parenteral administration.

◦ Source control:
▪ Removal of foreign body, uroliths or implants that can become a nidus for the

bacteria to elude both immune system and preclude antimicrobial activity/
penetration.

◦ Prescribing cascade, local legislation and availability of antimicrobial and cost.

Table 1.1. General overview of intrinsic antimicrobial resistance in common bacterial isolates recovered from 
clinical samples in dogs and cats. 
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Staphylococcus spp. 

Streptococcus spp. R1 

Enterococcus spp. R2 R2 R2 R2 R2 R2 R2 R2 

E. coli R R R 

Proteus mirabilis R R R R R R 

Klebsiella spp. R R R R 

P. aeruginosa R R R R R R R3 R R R R 

Acinetobacter spp. R R R R R R R R R R R 

Data are based on information from CLSI and EUCAST. This is a summary and information provided by the laboratory should be 
considered, as individual species within each group may have variations in the intrinsic resistance. These results do not predict susceptibility 
of individual isolates as acquired resistance may be present. R – resistance. 1 – Low level of resistance. Combinations of aminoglycosides 
with cell wall inhibitors (penicillin and glycopeptides) are synergistic and bactericidal against isolates that are susceptible to cell wall 
inhibitors and do not display high-level resistance to aminoglycosides. 2 – For Enterococcus spp., cephalosporins, aminoglycosides (except 
for high-level resistance testing), clindamycin and trimethoprim-sulfamethoxazole may appear active in vitro but are not effective clinically 
and should not be reported as susceptible. 3 – Some third-generation cephalosporins (e.g. Ceftazidime) have anti-Pseudomonas activity. 

1.7.5 Cytology versus culture in the identifcation of microorganisms 
in fuid specimens 
Discrepancies between cytology and culture results can occur for a variety of reasons. 

• Body cavity fuids: a recent retrospective study reported an overall sensitivity and specifcity
of 63.0% and 89.6%, respectively, of cytology for identifcation of sepsis. Tis varied
signifcantly across fuid types, with greater accuracy identifed in septic abdominal fuids.

• Bile samples: when the two modalities were compared, bile cytology was found to have
similar sensitivity to culture testing.
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• Synovial samples: direct culture of joint fuid produces false negative results in approxi-
mately 50% of cases that are clinically consistent with septic arthritis. Microorganisms 
are seen in fewer than 50% of culture positive synovial specimens. Tus, septic arthritis 
is often a clinical diagnosis based on clinical presentation and the presence of suppura-
tive infammation. 

• BAL samples: comparison of results between cytology and culture in samples from the 
lower respiratory tract is more challenging, as some of the common organisms recovered 
from that area are not easily cultured or identifed on cytology (e.g. Mycoplasma spp.). 
Moreover, the presence of bacteria does not equate with infection given the frequent 
oropharyngeal contamination identifed in these samples. Furthermore, bacterial infections 
may be secondary to an underlying pathology (e.g. viral infection, aspiration pneumonia or 
asthma) and not be responsible for the clinical signs. Integration of full clinical data is often 
required to interpret culture results. 

1.7.5.1 False-negative culture results 
Possible causes of false-negative results include: 
• Inadequate specimen size. 
• Low bacterial load at the site of specimen collection. 
• Loss of organism viability. Lack of viability of organisms can occur due to: 

◦ Prior antimicrobial use. 
◦ Exposure of the sample to extreme conditions (such as temperature or pH). 
◦ Absence of media to support growth of more fastidious organisms. 
◦ Presence of inhibitors within the sample (e.g. excess boric acid). 
◦ Leucocyte response: this can also lead to false-negative results on culture. In these cases, 

the presence of high numbers of leucocytes in the sample may phagocytose and destroy 
the few organisms present during specimen transportation. 

• Overgrowth of commensal organisms. In some situations, multiple bacterial species are 
present within a specimen and one species (e.g. Proteus spp.) swarms the plate and obscures 
the presence of other organisms, or less fastidious organisms overgrow more fastidious or 
slow-growing organisms. 

• Te organism is not inoculated on to the correct medium or insufcient time is allowed for 
growth. Clinicians must consider whether fastidious or slow-growing organisms might be 
present and inform the laboratory if they are suspected. 

1.7.5.2 False-positive culture results 
As absence of growth does not indicate absence of infection, growth does not necessarily indicate 
infection. Not all organisms that are isolated from a clinical case are necessarily the culprits for 
the clinical signs. Tis is particularly the case when sampling non-sterile sites or sites where 
contamination with commensal or environmental fora can occur (e.g. free catch urine samples). 

1.8 Molecular Assays 

For many organisms, molecular-based methods such as PCR or fuorescent in situ hybridization 
(FISH) are considered an alternative method for detection of infectious organisms. Clinical 
application of molecular methods of organism identifcation includes: 
• Detection of fastidious organisms of slow growth (e.g. Mycobacteria). 
• Detection of organisms for which culture is not possible or easily feasible (e.g. feline haemoplasmas). 
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• Detection of organisms that are undetectable on microscopic examination of tissues (e.g. viruses). 
• Detection of organisms where culture may lead to a signifcant risk of laboratory-acquired

zoonotic infection (e.g. Brucella spp., selected fungal organisms).
• Detection of organisms in the presence of inactivating or inhibitory substances (e.g.

antimicrobials, EDTA or formalin).
• Identifcation of an identifed organism to species level (e.g. protozoal trophozoites).

1.8.1 PCR 
• Samples for PCR include EDTA fuids, plain fuids, fxed samples and, for some assays,

even stained smears.
• Te presence of heparin or formalin may decrease sensitivity of PCR due to inhibition or

degradation of the DNA.
• Te swabs used for PCR testing should be dry, not coated with charcoal or any transport

medium, as those may interfere with the PCR reaction and could potentially inhibit the
amplifcation of the target genetic material.

• Specifc recommendations may vary depending on site and molecular target (e.g. RNA
targets degrade more quickly than DNA targets). For most samples that have DNA as a
target, refrigeration is recommended for relative short-term storage (up to 72 h), while for
longer storage samples should be frozen at −80°C. As RNA is more susceptible to degrad-
ation during storage or transport, stabilizing solutions may be provided by the reference
laboratory.

Positive PCR results 
• A positive PCR result confrms the presence of the organism in question, but does not evaluate 

its viability.
• Some quantitative RT-PCR assays may provide additional useful information regarding the

quantity of genetic material, which can refect pathogen load.
• Correlation of the positive results with the additional clinical fndings is essential for a

correct interpretation of the results.

Negative PCR results 
• No DNA of the agent in question  is present in the speciment at a detectable concentration.
• False negatives can also occur:

◦ In the presence of PCR inhibitors (many assays include controls to evaluate for the presence
of these substances).

◦ When there is a very low load of the pathogen.
◦ When mutations to the target sequences have occurred in the pathogen genetic material

(e.g. novel viral sequences).

1.8.2 Assays based on nucleic acid probes 
• Various nucleic acid probes can be used to detect microorganisms. Tey react with the

target organism DNA present in the sample. Te bound probe is then detected via fuorescence, 
chemiluminescence, radioactivity or colour development.

• For in situ hybridization (e.g. FISH), the probe is labelled with a fuorescent or chemical
tag, so that the bound probe can be detected. Te probe is applied to a tissue specimen on
a microscope slide to determine if the organism is present. Location of the organisms within
the specimen (e.g. phagocytosed by infammatory cells, present within clusters) is also
facilitated and considered when evaluating results.
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1.9 Immunoassays 
• Immunoassays rely on the antigen-antibody interactions to identify the presence of organ-

isms or the presence of the host immune response to an infectious organism. Immunoassays 
are often called serological assays, as many are tested in serum. However, they can be 
performed on many types of samples, including fuid samples. 

• Examples include antigen detection assays (e.g. immunocytochemistry for feline coronavirus 
[FCoV] in fuid samples from cats with feline infectious peritonitis [FIP]) and measurement of 
antibody titres, that usually require comparison with serum titres to be of diagnostic use 
(e.g. distemper antibody titres). 

• Te preferred sample type for immunoassays is a plain sterile sample, although many can 
use EDTA samples. Te sample can be kept at room temperature, refrigerated or frozen if 
longer sample storage is required. Sample stability may be diferent depending if antibodies 
(generally, if frozen, samples can be stable for long periods of time) or antigens (that may 
deteriorate more quickly) are tested. 

Further reading 
Allen, B.A. and Evans, S.J. (2022) Diagnostic accuracy of cytology for the detection of bacterial infection in 
fluid samples from veterinary patients. Veterinary Clinical Pathology 51, 252–257. 
Greene, C.E. (2012) Infectious Diseases of the Dog and Cat. 4th edn. Elsevier, St. Louis, Missouri. 
Marcos, R., Santos, M., Marrinhas, C., Correia-Gomes, C. and Caniatti, M. (2016) Cytocentrifuge prepar-
ation in veterinary cytology: a quick, simple, and affordable manual method to concentrate low cellularity 
fluids. Veterinary Clinical Pathology 45(4), 725–731. 
Marcos, R., Santos, M., Marrinhas, C. and Caniatti, M. (2017) Cell tube block: a new technique to produce 
cell blocks from fluid cytology samples. Veterinary Clinical Pathology 46(1), 195–201. 
Sykes, J.E. (2013) Canine and Feline Infectious Diseases. Elsevier, St. Louis, Missouri. 
Weese, J.S., Blondeau, J., Boothe, D., Guardabassi, L.G., Gumley, N. et al. (2019) International Society for 
Companion Animal Infectious Diseases (ISCAID) guidelines for the diagnosis and management of bacterial urin-
ary tract infections in dogs and cats. Veterinary Journal 247, 8–25. 

Web sources 
Clinical & Laboratory Standards Institute (CLSI): https://www.clsi.org/ 
European Committee on Antimicrobial Susceptibility Testing (EUCAST): https://www.eucast.org/ 

Appendix 1 
Minimal inhibitory concentration (MIC) procedure and interpretation of the sensitivity results 

Table A.1. MIC procedure and interpretation of the results. 

Clinical breakpoints S S S S I R 

Concentration Antimicrobial A (mg/l) 2 4 8 16 32 64 Result MIC 

Organism 1 x S 4 mg/l 
Organism 2 S < 2 mg/l 

Clinical breakpoints S S S I I R Result MIC 

Concentration Antimicrobial B (mg/l) 0.125 0.25 0.5 1 2 4 

Organism 1 x x x x x R 4 mg/l 
Organism 2 x x S 0.5 mg/l 

https://www.eucast.org
https://www.clsi.org
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Appendix 1 
Minimal inhibitory concentration (MIC) procedure and interpretation of the sensitivity results 

Table A.1. MIC procedure and interpretation of the results. 

Clinical breakpoints S S S S I R 

Concentration Antimicrobial A (mg/l) 2 4 8 16 32 64 Result MIC 

Organism 1 x S 4 mg/l 
Organism 2 S < 2 mg/l 

Clinical breakpoints S S S I I R Result MIC 

Concentration Antimicrobial B (mg/l) 0.125 0.25 0.5 1 2 4 

Organism 1 x x x x x R 4 mg/l 
Organism 2 x x S 0.5 mg/l 

MIC procedure 
• A standard inoculum (number of bacteria) is incubated in serial dilutions of antimicrobials.

Te dilutions vary depending on the antimicrobials and include the clinical breakpoints.
Te breakpoints also vary depending on the organism and antimicrobial combinations.

• After incubation, each well is assessed for growth. Te MIC is the lowest concentration of
antimicrobial drug that inhibits visible growth of an organism.

• Te table marks the dilutions where growth is still identifed. Te lower the MIC, the more
susceptible is the isolate to that specifc antimicrobial.

• Because diferent antimicrobials are tested in diferent concentrations, MIC values of difer-
ent antimicrobials for the same isolate cannot be compared. Instead, the MIC value (within
the range of concentrations tested) should be assessed and compared to the breakpoints for
that antimicrobial-organism combination. Te further away from the breakpoint, the more
susceptible the organism is to that antimicrobial.

• Te assessment of the MIC against the clinical breakpoints generates qualitative results.

Assessing results 
• Te evaluation of an AST panel begins with the assessment of the qualitative results.

Antimicrobials (AM) marked as resistant are expected to lead to therapeutical failure.
• Within the susceptible AMs, that which is most appropriate for the site and patient should

be used, aiming for a narrow-spectrum and lower tier in the cascade.
• If using drugs where the MIC falls into the intermediate range or close to the clinical

breakpoint (one dilution away), adjusting the dose (with concentration-dependent drugs)
and/or frequency (with time-dependent drugs) could be considered to increase the tissue
concentration and reduce the risk of treatment failure.

• As mentioned above, MIC values between antimicrobials cannot be directly compared.
In the example shown in the table above, organism 1 has an MIC of 4 mg/l for both AM A
and B, but the interpretation is diferent:
◦ AM A: Sensitive.
◦ AM B: Resistant.

• Te distance of the MIC to the breakpoint may also be useful. Te breakpoint:MIC ratio
or index can be taken into consideration in drug selection. With all other factors being
equal, antimicrobials with MICs closer to the breakpoint are potentially more vulnerable to
treatment failure due to in vivo efects (e.g. decrease of the actual tissue concentration in the
patient). Te further away from the breakpoint, the less likely that is to happen.

• For example, organism 2 is more susceptible to antimicrobial A than organism 1, because it
has a lower MIC, but also because the distance between the MIC and the clinical breakpoint
is higher for AM A (four dilution steps versus one dilution).
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