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Preface

A lot of water has passed under the bridge since the popular first edition of this book. Needless to say the writing of textbooks is not a full-time occupation for any of the authors but rather a complementary activity to teaching, research and diagnostic service. This project was driven by a love of books. On more than one occasion the writing faltered due to other more pressing commitments and the vicissitudes of life in general. We have tried to retain the essential structure and character of the first edition while updating and adding new material as necessary. In particular, the virology section has been greatly expanded with the addition of a chapter for each of the families containing viruses of veterinary importance. For taxonomy we have relied heavily on resources such as the List of Prokaryotic Names with Standing in Nomenclature (www.bacterio.cict.fr/), the virus list of the International Committee on Taxonomy of Viruses (ictvonline.org/index.asp) and Index Fungorum (www.indexfungorum.org/). For information on the diagnosis of many of the more important infectious diseases of farm animals we have frequently consulted the Manual of Diagnostic Tests and Vaccines for Terrestrial Animals on the website (www.oie.int/en/international-standard-setting/terrestrial-manual/access-online/) of the OIE (Office International des Epizooties – World Organisation for Animal Health). We hope we have succeeded in producing a book that is useful, informative and appealing.
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Section 1

General procedures in microbiology



Chapter 1

Collection and submission of diagnostic specimens



Choosing and Working with a Laboratory

In choosing a laboratory clinicians must consider the cost of the service and the ease of access. However, it is equally important to determine if a laboratory is accredited, has a specialization in the relevant species, offers a service at weekends and holidays and has staff with the necessary expertise and training to assist with disease investigations. The quality of the dialogue between the veterinary practice and the laboratory has an enormous influence on the effectiveness of the service. Good communication is essential. The clinician and the microbiologist must establish and maintain contact with each other. An accurate diagnosis is based on the interpretation of both clinical and laboratory data.

If the clinician is not absolutely certain of the correct sample to collect they should seek advice from the laboratory prior to collecting the samples. The samples must be appropriate for the purpose required which may be diagnosis, certification, surveillance or the monitoring of vaccine efficacy or the response to antimicrobial therapy. A clinical diagnosis cannot be confirmed by the examination of inappropriate samples. In disease control situations samples must be collected systematically for a definite purpose, for example, the lifting of movement restrictions or the commencement of breeding. Laboratory tests can be both expensive and time-consuming. It is important for all concerned that resources are not wasted in the generation of irrelevant information.

Both the veterinary practitioner and the laboratory have an essential role in the isolation of new agents and the detection of emerging disease patterns. In influenza outbreaks, for example, the submission of samples to the laboratory for virus isolation is necessary to identify new strains of viruses. This facilitates the updating of vaccines with epidemiologically relevant viruses.

Some laboratories are involved in contract research and perform safety and efficacy studies for the regulatory authorities. All diagnostic laboratories have a role to play in the monitoring of the efficacy of existing products. Clinicians have a responsibility to inform the microbiologist of the vaccination and/or therapeutic history of the animal to facilitate independent assessment of different products and treatment regimens. Microbiologists in turn have a responsibility to advise clinicians with regard to their findings.




General Principles for Sample Collection




• Samples should be taken from the affected site(s) as early as possible following the onset of clinical signs. This is particularly important in viral diseases as shedding of virus is usually maximal early in the infection. This is also true of enteric bacterial pathogens.

• It is useful to collect samples from clinical cases and in-contact animals, particularly if there has been an outbreak of disease. In-contact animals may be at an earlier stage in the infection with a greater chance of them shedding substantial numbers of microorganisms.

• Samples should be obtained from the edge of lesions and some macroscopically normal tissue included. Microbial replication will be most active at the lesion's edge.

• It is important to collect specimens as aseptically as possible, otherwise the relevant pathogen may be overgrown by numerous contaminating bacteria (Fig. 1.1). In certain circumstances a guarded swab should be used to bypass an area with a large population of normal flora.
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Figure 1.1 Grossly contaminated blood agar plate demonstrating the need to collect specimens as carefully as possible.



• The laboratory should be informed if treatment has commenced in order that counteractive measures may be taken to increase the possibility of isolating bacteria or that an alternative method of detection such as polymerase chain reaction (PCR) may be employed.

• When possible a generous amount of sample should be taken and submitted, such as blocks of tissue (approximately 2 cm3), biopsy material, or several millilitres of pus, exudate or faeces. For serology, at least 5 mL of blood should be obtained to allow a number of tests to be carried out if necessary and to allow the sample to be stored and tested with subsequent samples.

• Cross-contamination between samples must be avoided. This is essential where a highly sensitive amplification technique such as PCR is to be used for the detection of the aetiological agent.

• Precautions must be taken to avoid human infection where a zoonotic condition is suspected.




Tissue

Postmortem material should be collected as soon as possible after death. However it is sometimes worthwhile submitting old and even partially decomposed samples if that is all that is available. In the outbreak of African horse sickness in the Iberian Peninsula in the late 1980s virus was isolated from the bone marrow of a horse that had been buried for eight days. An organism does not have to be viable or even entire for its genome to be detected by polymerase chain reaction. Thus it may be possible to obtain a diagnosis by PCR from a sample that is totally unsuitable for histopathological examination or agent isolation.

Tissues from outside the body cavities should be collected first followed by tissues from the thorax and then the abdomen. Sterile instruments should be used to collect tissue samples of at least 1 cm3 which should then be placed in separate sterile screw-capped jars (Fig. 1.2). If the laboratory is some distance away tissue may be forwarded in virus or bacterial transport medium. It is important to remember that virus transport medium usually contains antibiotics thus rendering the sample unsuitable for bacterial examination. Tissue for histopathological examination should be placed in at least 10 times its volume of neutral buffered 10% formalin.
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Figure 1.2 Sterile disposable containers and swabs for specimen collection.



In cases of abortion the whole foetus and placenta should be submitted. If this is not possible then samples of tissue, a piece of affected placenta, foetal abomasal contents (ruminants) and uterine discharge (if applicable) should be forwarded to the laboratory. A clotted blood sample from the dam for serological examination may yield additional information.




Swabs and discharges

Fluids are preferable to swabs as the greater sample volume increases the likelihood of detecting the causal organism. Samples for agent isolation should be placed in sterile containers. Viruses and many bacteria are susceptible to desiccation especially if collected on a dry swab. Formulae for suitable transport media for viruses, chlamydia and other organisms are given in Appendix 2. Whenever possible the sample should be collected from the specific site of infection. The usual short cotton wool swabs are generally unsatisfactory for obtaining nasopharyngeal specimens of epithelial cells and mucus for the investigation of respiratory disease of large animals. Guarded swabs are necessary for certain bacteriological examinations where misleading results could be generated due to contaminants from adjacent sites that are colonized with bacterial flora. Similarly, fungal organisms from the environment readily contaminate the nasal passages and upper trachea. The diagnostic laboratory should be consulted before collecting samples for the isolation of specific pathogens that require specialized media or culture conditions, for example, Taylorella equigenitalis, Chlamydophila psittaci or Mycoplasma species. The laboratory will either supply specialist swabs and transport media or recommend a reputable source, as appropriate.




Samples from skin lesions

If intact pustules or vesicles are present, the surface should be disinfected with 70% ethyl alcohol, allowed to dry, and material aspirated from the lesion with a sterile syringe and fine needle. A swab may be taken from the raw surface of ulcers. A biopsy of wound tissue should be collected after the superficial area has been cleaned and debrided.

In cases where ringworm is suspected, hair should be plucked from the lesion and the edge of the lesion scraped with a blunt scalpel blade until blood begins to ooze. Plucked hair, skin scrapings (including the scalpel blade itself) and any scab material that is present should be submitted. These specimens will also allow detection of mange or a bacterial infection, if present. In cases of orf the crust and scrapings from the edge of the lesion should be collected. In birds feather follicle skin is useful in the diagnosis of Marek's disease.




Blood

Blood should be withdrawn using an aseptic technique into a dry syringe or vacutainer. If collected in a syringe, care must be taken not to cause haemolysis. The needle should be removed prior to expelling the sample carefully into a sterile dry tube. It is not acceptable to submit blood to the laboratory in a syringe. Glass tubes are fragile. However, blood clots often retract poorly in plastic bottles making it difficult to separate the serum. Whole blood should never be frozen prior to submission to a laboratory as the ensuing lysis of red blood cells makes it impossible to perform many serological assays.

Serological tests are usually performed on the serum harvested from clotted samples. Paired samples are frequently required to make a definitive diagnosis on the basis of serology. It is advisable to confirm the most appropriate sampling interval with the microbiologist who should also advise as to usefulness of a single blood sample.

Blood for the isolation of viruses or bacteria should be prevented from clotting. The laboratory should advise on the most appropriate anticoagulant. As a bacteraemia can be intermittent, it is advisable to take more than one sample within a 24-hour period. The blood should be added aseptically and without delay to one of the special commercial blood-culture bottles. Blood samples for culture should be kept cool and submitted to the laboratory as quickly as possible.




Faeces

A faeces sample freshly voided or collected from the rectum is preferable to a rectal swab which often does not have enough faecal matter for agent detection. A faeces sample (about the size of the end of a thumb) may be forwarded to the laboratory without transport medium. Faecal swabs should be placed in medium such as buffered glycerol saline to avoid desiccation. Some organisms are shed intermittently and samples may need to be collected over several days.




Urine samples

Urine samples may be submitted for urinalysis, bacterial microscopy and culture or for a bacterial viable count to establish whether clinical bacteriuria is present. For bacteriological procedures the preferred methods of collection are by cystocentesis, by catheter or mid-stream urine sample.




Abscesses

If possible about 3 mL of pus should be collected together with scrapings from the wall of the abscess. Pus at the centre of an abscess is often sterile. Pus from recently formed abscesses will yield the best cultural results. Anaerobic bacteria can often be cultured from abscesses.




Eye

A conjunctival swab may be taken gently holding the palpebrae apart. Scrapings may also be taken with a fine sterile spatula. The cells should be washed carefully into transport medium.




Bovine mastitic milk samples

Milk samples should be collected from cows as soon as possible after the mastitis is first noticed and not from animals treated with either intramammary or systemic antibiotics. The udder should not be rinsed with water unless very dirty. If the udder and teats are washed, they should be dried thoroughly with a paper towel. Usually it is sufficient to wipe the teats vigorously, using 70% ethyl alcohol on cotton wool, paying special attention to the teat sphincters. Antiseptics should be avoided. The two teats furthest from the operator are wiped first and then the two nearest teats. The sterile narrow-necked collection bottle must be held almost horizontally. The first squirt of milk from each teat is discarded and then, for a composite sample, a little milk from each quarter is directed into the bottle. The milk should be collected from the two near teats first and then from the two far teats, so that one's arm is less likely to accidentally brush against a cleaned teat.




Specimens for anaerobic culture

A good collection method is essential because many anaerobes do not survive frank exposure to the oxygen in the air for more than 20 minutes. It is important not to contaminate the samples by contact with adjacent mucosal surfaces as these have a resident anaerobic flora. Specimens from animals that have been dead for more than four hours are usually unsuitable because of the rapid postmortem invasion of the animal body by anaerobes from the intestinal tract. Bone marrow is a good specimen to collect for the diagnosis of blackleg or malignant oedema as bone marrow appears to be one of the last tissues to be invaded by contaminating bacteria. A piece of rib stripped of the periosteum could be submitted to the laboratory for the extraction of bone marrow. Any specimens for the attempted isolation of anaerobes must arrive at the laboratory as soon as possible after collection. Collection of samples for anaerobe culture on ordinary swabs is usually of no value. Acceptable samples include blocks of tissue (4 cm3) or several millilitres of fluid placed in a sterile closed container. Anaerobic transport medium is essential for swabs.

In suspected enterotoxaemia cases, where the demonstration of a specific toxin is required, at least 20 mL of ileal contents should be submitted. A loop of ileum with contents, tied off at each end, is acceptable or the ileal contents drained into a secure sterile container.






Sample Submission

Laboratories usually supply a variety of sample containers and transport media. The laboratory should supply sample submission forms. These forms must be completed by the veterinary practitioner and must give specific details of the tests required as well as clinical history, differential diagnoses, vaccination history, therapy, age of animal, etc. The latter will enable the microbiologist to choose the most appropriate tests and to avoid unnecessary expenditure. A complete history will also allow the laboratory to identify a particularly urgent situation and expedite the processing of the sample. In certain instances owners may be concerned that information in relation to their animals is kept confidential. In such circumstances the clinician can assign a code name or number to the animal and the owner but should never omit clinical detail that will facilitate the selection of the appropriate tests and the interpretation of the results. The laboratory must be notified if the differential diagnosis includes a fungal infection or any agent that is potentially infectious for people.

Many laboratories only set up certain tests on particular days or at a designated time each day. Clinicians need to familiarize themselves with the laboratory timetable in order for them to provide an efficient service to their own clients. An awareness of the time it takes to perform certain assays is essential. Some assays may take weeks to complete. Where certification is required, samples should be submitted in good time and allowance should be made for repeat testing and/or the collection of a second sample if necessary.

The clinician should contact the laboratory in advance if they are not a regular client or if the tests required are not routine. It is essential to give the laboratory adequate time to prepare for the receipt of a sample which requires specialist testing. It is inadvisable, for example, to submit a sample that needs to be passaged on a cell line that the laboratory does not use on a regular basis without prior discussion. In such circumstances the sample may have to be stored for days if not weeks, while cells are resuscitated from the freezer. In certain cases it may be necessary to forward the sample to a specialist laboratory. If samples are being submitted to a laboratory in another country an import licence may be required.

Samples should be collected and delivered to the laboratory as early in the day as possible so that processing can commence on the same day. If a result is required urgently this must be indicated on the request form and the head of the laboratory should be notified in advance of the arrival of the sample. Prompt delivery to the laboratory will maximize the possibility of obtaining a diagnosis. Viruses only replicate in living cells and a delay in sample submission may result in loss of viability. The transit time needs to be minimized. Samples should be transported in contact with cold packs or wet ice. If transportation to the laboratory is delayed, most samples should be held in the refrigerator at +4°C rather than frozen. Serum harvested from clotted blood samples can be stored frozen for extended periods.

The labelling of samples must be clear and unambiguous. Samples must be submitted individually in separate leak-proof containers that are clearly marked, indicating the identity of the sample (tissue, exudate, etc.), animal identification and the date of collection (Fig. 1.3). Container caps should be screwed on tightly and taped, if necessary, to avoid leakage. All samples sent in the post must be labelled and packed in accordance with the regulations of the postal authorities. Glass tubes and other fragile containers must be adequately packaged to ensure they are not broken in the mail. Samples must always be surrounded by sufficient absorbent material to soak up the entire sample in the case of breakage or leakage. In general, triple packaging of diagnostic samples is required. The secondary or outer packaging must be a rigid container. The package should be clearly labelled with the words ‘biological substances’.
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Figure 1.3 Sturdy, leak-proof containers for transporting microbiological specimens.






Interpretation of Diagnostic Results

There must be full co-operation between the laboratory and the veterinary practice for the benefit of the patient and owner. It is the responsibility of the clinician to collect and submit the appropriate samples accompanied by specific requests or adequate history. It is the responsibility of the microbiologist to interpret the results in relation to the information supplied. The quality of the diagnostic activity undertaken by the laboratory depends to a large degree on the clinical and epidemiological information supplied by the veterinary clinician.

The following points are pertinent when interpreting reports from a diagnostic microbiology laboratory:


• A negative diagnostic report does not necessarily mean that the suspected microorganism is not the aetiological agent of the condition. There may be many reasons for the failure of the laboratory to isolate and identify the pathogen, such as a bacterium being overgrown by contaminants, a virus or other fragile microorganism having died on the way to the laboratory or the animal may have stopped excreting the microorganisms before the sample was taken. Unexpected negative results should be discussed with the head of the laboratory who may decide to perform additional tests for the detection of the suspect agent. They may also be able to advise on the collection of alternative samples or suggest other possible causal agents.

• It must not always be assumed that the detection of a virus or bacteria establishes a diagnosis. The laboratory result must be interpreted in light of the clinical signs, vaccinal history, etc. If the sample is collected from a site normally colonized with bacteria, including species that have the potential to cause disease in certain circumstances, the culture results need to be interpreted cautiously. Some latent viruses may reactivate and bacteria proliferate in response to a condition which they have not caused. Apparently healthy animals can be subclinical shedders of microorganisms such as salmonellae, rotaviruses, enteroviruses or coronaviruses in faeces and leptospires in urine. Even if these potential pathogens are isolated and identified, the illness or death might have been due to another cause.

• The clinician should always discuss unexpected results with the laboratory. This may assist the head of the laboratory in the early detection of a problem with a particular technique. The microbiologist must be prepared at all times to act on information received and to critically appraise the procedures in the laboratory.

• It is important that the difficulties associated with some types of samples and the limitations of certain assays are flagged to the clinician. This will help to promote intelligent utilization of the laboratory and to avoid unrealistic expectations.

• Bacteria such as members of the Enterobacteriaceae are ubiquitous. Isolation of microorganisms may represent contamination of the sample by faeces or soil or their presence could be due to postmortem invasion.

• Some bacteria such as salmonellae, leptospires or Mycobacterium avium subsp. paratuberculosis may be shed intermittently. A repeat sample following a negative examination report might be worthwhile.

• Escherichia coli in diarrhoeal faecal samples from farm animals is usually only significant if the animal is under 10 days of age and if the E. coli isolate possesses the K88, K99, F41 or 987P fimbrial antigens, associated with enteropathogenicity. Pigs are the exception as they are also susceptible to colibacillosis soon after weaning and to oedema disease in the growing period.

• Diagnosis of a mycotic disease thought to be due to a ubiquitous fungus such as Aspergillus fumigatus should always be confirmed histopathologically. It is necessary to demonstrate the fungal hyphae actually invading the tissue and causing a tissue reaction.

• Herd or flock vaccination programmes will modify the interpretation of serological tests. Serological diagnosis of recent viral exposure usually requires the comparison of two samples collected approximately two weeks apart.

• Conflicting results may reflect the sensitivity of different assays. Thus a sample that is negative by enzyme-linked immunosorbent assay (ELISA) and by isolation may be positive by PCR.









Chapter 2

Bacterial pathogens

Microscopy, culture and identification


Microscopy

A good-quality microscope with a built-in light source (bright-field microscopy) as well as low-power, high-dry and oil-immersion objectives is required. A darkfield condenser is a useful addition necessary for the visualization of unstained preparations such as those of spirochaetes. Microscopes for microbiology require a higher degree of resolution than those used for haematology or histopathology. Figure 2.1 indicates the size of bacteria relative to that of an erythrocyte and to viruses. Bacteria are measured in micrometres (µm) which are 10−6 m while viruses are measured in nanometres (nm) which are 10−9 m. Using an oil-immersion objective lens on a light microsope, a magnification of 1000 × can be achieved to visualize bacteria. On account of their small size viruses are visualized by using an electron microscope, which utilizes a beam of electrons to achieve magnifications of the order of 100,000 ×.
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Figure 2.1 Comparison of the relative sizes of a red blood cell, bacteria and viruses.




Stained Smears from Pathological Specimens

Stained smears made from lesions can yield a considerable amount of information inexpensively and quickly. Table 2.1 summarizes the information that can be gained from the various diagnostic staining techniques.


Table 2.1

Diagnostic uses of stained smears
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Preparing Bacterial Smears

Microscope slides are not always clean enough to use directly from the supplier. Rubbing with a clean, soft cloth and passing quickly through the Bunsen flame may be sufficient to remove a greasy film. If not, a mildly abrasive liquid cleaner can be used followed by rinsing the slide thoroughly and wiping it dry with a clean cloth.

A blunt scalpel and forceps should be kept in a container of 70% ethyl alcohol. The instruments are flamed and cooled before use. Afterwards they should be placed into a container of disinfectant. When making a smear from tissue lesions, the specimen is held firmly with the forceps and the scalpel is used to scrape deep into the material. A small amount of the scrapings is placed on the cleaned microscope slide. Another clean slide is used with a scissor action to prepare a thin smear. With liquid or semiliquid specimens, a little of the sample is placed on the slide with a sterile swab. The contents of the swab are smeared over the surface of the slide, with the aim of having thick and thin areas of specimen present. The smears are allowed to dry thoroughly before proceeding further.




Fixing the Smears

The reasons for fixing the smears include killing the vegetative bacteria, rendering them permeable to the stain and ensuring that the material is firmly fixed to the slide. Fixed and stained smears should be handled carefully as not all bacteria, especially endospores, may have been killed. After use, the stained smears should be autoclaved or soaked in a reliable disinfectant (24–48 hours) before discarding.

For routine staining the smears are fixed by passing the slide, smear side up, quickly through the Bunsen flame two or three times, taking care not to overheat the smear. This can be tested on the back of the hand; the slide should feel warm but not hot enough to burn.

Dried smears to be stained by the Giemsa stain are first fixed in absolute methyl alcohol for three minutes and then dried.




Staining the Smears: Staining Techniques

The fixed smears are placed on a staining rack over a sink. The staining solutions are flooded over the entire smear and left on the slide for the appropriate time. Between each staining reagent the smear is washed under a gently running tap, excess water tipped off and the next reagent added. Finally the stained smear is washed and air-dried. The preparation method of each of the staining solutions is given in Appendix 1.


Gram stain



Crystal violet 60 seconds

Gram's iodine (mordant) 60 seconds

Gram's decolourizer 15 seconds

Counter-stain (dilute carbol fuchsin or safronin) 60 seconds



Gram-positive bacteria retain the crystal violet-iodine complex and stain purple-blue. Gram-negative bacteria are decolourized and are stained red by the counter-stain. Gram-stained smears are illustrated (Figs 2.2–2.6, inclusive). There can be slight differences in the composition of the reagents for the Gram stain. If using a commercial kit set for Gram staining always follow the manufacturer's directions.
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Figure 2.2 Gram-stained porcine faecal smear showing Gram-positive (blue) and Gram-negative (red) bacteria. Note range of morphological forms. (×1000)
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Figure 2.3 Gram-stained smear of mastitic milk (bovine) showing Gram-positive streptococci in chains and inflammatory cells. (×1000)
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Figure 2.4 Gram-stained smear from an abscess with the Gram-positive, pleomorphic rods of Trueperella (Arcanobacterium) pyogenes predominating. (×1000)
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Figure 2.5 Gram-stained smear from the mucosa of the small intestine (lamb recently dead from enterotoxaemia): large Gram-positive rods of Clostridium perfringens. (×1000)
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Figure 2.6 Gram-stained smear of urine (dog with cystitis): Gram-negative rods of Escherichia coli. (×1000)






Dilute carbol fuchsin (DCF):



A simple staining technique

Dilute carbol fuchsin four minutes

Wash and air-dry.



The stain is used for some Gram-negative bacteria such as Campylobacter fetus, Brachyspira hyodysenteriae or Fusobacterium necrophorum (Fig. 2.7) where a greater depth of stain aids microscopic visualization.
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Figure 2.7 DCF-stained smear from a bovine abscess: red filaments of Fusobacterium necrophorum showing typical irregular staining. (×1000)






Modified Ziehl–Neelsen (MZN)



Dilute carbol fuchsin 15 minutes

Acetic acid (0.5%) 15 seconds

Methylene blue two minutes

Wash and air-dry.



MZN-positive bacteria such as Nocarida asteroides (Fig. 2.8), Brucella spp. (Fig. 2.9) and Chlamydophila abortus stain a bright red with the background and other bacteria staining blue.
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Figure 2.8 MZN-stained smear of a thoracic aspirate from a dog with a pleural effusion: MZN-positive branching filaments of Nocardia asteroides. (×1000)
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Figure 2.9 MZN-stained smear from a bovine placenta (an abortion case): red MZN-positive coccobacilli of Brucella abortus in clumps. (×1000)






Ziehl-Neelsen (ZN) or acid-fast stain



Strong carbol fuchsin 10 minutes with heat

Acid-alcohol decolourizer 15 minutes with several changes

Methylene blue 20 seconds

Wash and air-dry.



ZN-positive or acid-fast bacteria, such as the pathogenic Mycobacterium sp., stain bright red with the background and other bacteria counter-stained blue (Fig. 2.10). Heating the strong carbol fuchsin can be carried out in one of two ways:


[image: image]

Figure 2.10 ZN-stained smear from a tuberculous lesion in a hen: red ZN-positive thin rods of Mycobacterium avium. (×1000)




• Strong carbol fuchsin is flooded onto the fixed smear with the slide on the rack over a sink. A cotton wool swab, on a metal rod, is dipped in alcohol and set alight. This is used to gently heat the smear and carbol fuchsin from below. The stain is allowed to steam for the 10 minutes but not to boil. The sink should be rinsed with water before starting the heating process in case any inflammable reagents are present.

• Heat the strong carbol fuchsin in a boiling tube to just below boiling point. Wear protective goggles when carrying out this procedure and direct the tube away from you. Add the hot stain to the smear on the staining rack over the sink. Keep topping-up the smear with hot stain for the full 10 minutes.






Alternative method for the Ziehl–Neelsen stain

The advantage of the method using the brilliant green counter-stain is that it is almost impossible to over-do the counter-staining.


Strong carbol fuchsin three minutes

Wash in distilled water

Acid-alcohol decolourizer three minutes exactly

Several washes in distilled water

Alkaline brilliant green three minutes

Wash in distilled water and air-dry.



The ZN-positive or acid-fast pathogenic Mycobacterium spp. are stained a bright red with the background and other microorganisms stained green.




Giemsa stain



The dried smear is first fixed in absolute methyl alcohol for three minutes

l part Giemsa stain + 9 parts buffer 60 minutes

Wash with the buffer

Drain and air-dry.



The Giemsa stain is used to stain spirochaetes such as Borrelia anserina; to demonstrate the capsule of Bacillus anthracis; to stain organisms such as Mycoplasma haemofelis; and it can demonstrate the morphology of Dermatophilus congolensis more clearly than the Gram method (Fig. 2.11).
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Figure 2.11 Giemsa-stained smear from ovine scab material showing branching filaments and zoospores of Dermatophilus congolensis. (×1000)






Polychrome methylene blue stain (M'Fadyean's Reaction)

Polychrome methylene blue is methylene blue solution that has been allowed to oxidize by storing it exposed to the air (loosely plugged) for several months. A thin blood or exudate smear taken from a suspect case of anthrax is air-dried, flame-fixed and flooded with the stain for two to three minutes. The stained smear is washed and dried. The rods of B. anthracis stain blue and the capsular material a pale pink colour (Fig. 2.12). Any suspect anthrax material should be handled with care and the stained slides autoclaved after use. Viable spores may be present on the slide after staining.
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Figure 2.12 Polychrome methylene-blue-stained bovine blood smear showing capsulated Bacillus anthracis. Note the square-ended rods in short chains with pink capsule surrounding the blue cytoplasm. (×1000)






Wet preparations

Some microorganisms can be demonstrated microscopically without the use of staining techniques. Wet preparations can be examined by phase contrast or darkfield microscopy and by the use of the high-dry objective of the light microscope, with the condenser slightly lowered. Fungal structures in tissues or skin scrapings can be placed in a few drops of 10–20% potassium hydroxide (KOH) on a microscope slide, under a cover slip, for two to four hours to allow clearing of the preparation to occur. The slide is then examined under the high-dry objective of the microscope. This is particularly useful to demonstrate the arthrospores of dermatophytes (Fig. 2.13). Methods for microscopic examination of specimens for fungal elements are given in more detail in the mycology section.
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Figure 2.13 KOH wet preparation of bovine hairs infected with Trichophyton verrucosum showing arthrospores. (×400)



Figures 2.14 and 2.15 summarize the staining reactions and cellular morphology of some of the more commonly encountered Gram-positive and Gram-negative bacteria.
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Figure 2.14 Summary of the staining reactions and cellular morphology of Gram-positive bacteria. (MZN = modified Ziehl–Neelsen stain, ZN = Ziehl–Neelsen stain)
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Figure 2.15 Summary of the staining reactions and cellular morphology of Gram-negative bacteria. (MZN = modified Ziehl–Neelsen stain, DCF = dilute carbol fuchsin)










Bacteriological media

Diagnostic bacteriological media can be divided into the following categories:


• Chemically defined media: in these, the exact amounts of each ingredient are known. They are mainly used for experimental purposes but citrate broth is an example of a chemically defined medium that is used in diagnostic bacteriology.

• Basic nutritive media: these are capable of sustaining growth of the less fastidious bacteria. Nutrient agar is an example.

• Enrichment broths: a liquid medium that permits the growth and detection of a particular bacterium, which may have made up only a small proportion of the bacteria in the original inoculum. An example is selenite broth for the selection of salmonellae.

• Selective media: these agar media have been made selective for the growth of a particular bacterium or group of bacteria and are used extensively in diagnostic bacteriology. They contain inhibitory substances that prevent the growth of unwanted bacterial species. Many selective media, such as brilliant green and MacConkey agars can also be described as indicator media.

• Indicator media: these are particularly useful in diagnostic bacteriology. They are designed to give a presumptive identification of bacterial colonies due to the biochemical reactions in the media. Indicator media often contain fermentable sugars plus a pH indicator that gives a colour change in the media (Table 2.2). MacConkey agar contains the fermentable sugar lactose and neutral red as the pH indicator. Bacteria such as Escherichia coli that ferment lactose produce acidic metabolites that cause the colonies and surrounding medium to appear pink. Salmonellae that cannot ferment lactose will use the peptones in the medium with the production of alkaline metabolic products. Salmonella colonies and surrounding medium are pale straw in colour. Other indicator media may be designed to show hydrogen sulphide production (xylose-lysine-deoxycholate, XLD – agar) or aesculin hydrolysis (Edwards medium). Blood agar, although an enriched medium may also be considered as an indicator medium as it shows the type of haemolysis of a particular bacterium.


Table 2.2

pH indicators used in diagnostic media and biochemical tests
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Examples of media used in diagnostic bacteriology are given in Table 2.3 and illustrated (Figs 2.16 to 2.20, inclusive). They can be obtained commercially as dehydrated powders or can often be purchased as pre-poured plates.


Table 2.3

Examples of media used in diagnostic bacteriology
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*= Xylose-lysine-deoxycholate agar

**= Triple sugar iron agar

***= Eosin-methylene blue agar (colonies of E. coli have a metallic sheen)
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Figure 2.16 Indicator media: clockwise from top left, XLD, brilliant green, MacConkey and EMB agars.
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Figure 2.17 XLD medium with Proteus sp. (left), Salmonella sp. (right) and Klebsiella sp. (bottom).
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Figure 2.18 Brilliant green agar with Pseudomonas aeruginosa (left) Salmonella sp. (right) and Klebsiella sp. (bottom).
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Figure 2.19 MacConkey agar with Pseudomonas aeruginosa (left), Klebsiella sp. (right) and Salmonella sp. (bottom).
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Figure 2.20 Eosin methylene blue agar with Proteus sp. (left), Escherichia coli (right) and Salmonella sp. (bottom).




Preparation of Culture Media

The manufacturer's instructions should always be followed but a few additional general points include:


• Clean glassware that has been rinsed free from detergents and other chemicals should be used.

• The glassware need not be sterile unless sterilized medium is being decanted into it.

• The appropriate amount of dehydrated medium is weighed out, placed in a flask and distilled water added to it. Glass-distilled water must be used, because this is free from chloride and heavy metal ions that can be inhibitory to bacteria.



The medium is prepared in a flask with a capacity of about twice the final volume of the medium as this will allow for adequate mixing and the frothing of the medium during heating. Media not containing agar can usually be dissolved with gentle agitation, but dehydrated media containing agar is best dissolved by bringing to the boil with continuous stirring, using a glass rod or a hot plate that incorporates a magnetic stirrer system. Dehydrated media once dissolved are usually sterilized in an autoclave at 121°C for a holding time of 15 minutes. Some media, such as Edwards, contain ingredients that cannot tolerate this high temperature and they can be autoclaved at 115°C for a holding time of 20 minutes or according to the manufacturer's instructions. Certain media such as brilliant green agar are inhibitory to many bacteria and these media are brought to the boil only and not autoclaved. Media containing agar should be cooled after autoclaving in a water bath at 50–54°C before the medium is poured into Petri dishes. Agar solidifies at about 42°C. The standard (90 mm) Petri dish should contain about 15 mL of agar medium, about one third full. Thus, one litre of medium should yield between 60–70 plates. Some additives to the medium, such as serum or red blood cells, will not tolerate high temperatures and are added as sterile solutions or suspensions once the medium has cooled to 50–54°C. After the poured plates are set, they are allowed to dry thoroughly at room temperature or for a few hours in the incubator at 37°C. For use, the surface of the agar must not contain obvious moisture. The plates are stored, agar side upwards, in a refrigerator at 4°C. Commercially available systems for the preparation and pouring of large numbers of plates are available.


Preparation of blood agar plates

The blood agar base is prepared from dehydrated powder, sterilized and cooled to 50–54°C in the usual manner. Sterile blood at the rate of 5–10% vol/vol is added to the cooled agar base and mixed well before the plates are poured. If bubbles form on the surface of the poured plates, a low Bunsen flame is quickly passed across the surface of the agar before the agar sets. If the sterile blood has been stored in the refrigerator, it should be warmed to 37°C before being added to the agar medium to avoid thermal shock to the red cells.




Collecting sterile blood

Bovine, equine or ovine blood is most suitable for veterinary bacteriology. Sterile blood can be obtained commercially or it can be collected from a young animal that has no evidence of antibodies to the major veterinary pathogens and has not been treated with antibacterial agents. A strict aseptic technique must be used. The area over the jugular vein is clipped. The area is then saturated with 70 per cent ethyl alcohol, wiped and allowed to dry thoroughly before venepuncture. To prevent the blood from clotting one of the following methods could be used:


• Collection into a purchased human blood-donor kit.

• Collection into a pre-sterilized apparatus consisting of a tube leading into a conical flask containing glass beads (3 mm) (Fig. 2.21). The flask is agitated continuously during collection and for at least five minutes after obtaining the blood. This defibrinated blood can be decanted into sterile bottles for storage in a refrigerator. The glass beads can be recovered from the fibrin clot and reused.
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Figure 2.21 Sterile apparatus for the collection of blood (left) and items for blood agar preparation: blood agar base, sheep blood, Petri dishes and two poured plates.





A sterile anticoagulant solution, such as 0.2% sodium citrate, can be used either in the flask, in the place of the glass beads or blood can be collected in a sterile syringe and immediately added to the anticoagulant.




Choice of culture media

For routine isolation of bacteria, blood agar and MacConkey agar is used. The blood agar will support the growth of most of the pathogenic bacteria and many of the Gram-negative bacteria will grow on the MacConkey agar. A comparison of the growth on the two media can indicate the types of bacteria that have been isolated. Any special media used for specific pathogens are mentioned under the appropriate group of bacteria in Section 2.






Inoculation of Culture Media

If the specimen is a piece of tissue, it is easier to manipulate if it is first placed in an empty sterile Petri dish. Forceps and scalpel, previously held in 70% ethyl alcohol are flamed and allowed to cool. The tissue is scraped, paying particular attention to the edge of an observable lesion. A little of the tissue scrapings is placed at the edge or ‘well’ of each culture plate to be inoculated. Some of the tissue could be used to make a smear on a microscope slide for staining.

When the specimen is liquid or semiliquid it is best applied to the well of the plate using a sterile swab, first using the swab to mix the sample uniformly. Before discarding the swab a smear could be made for microscopy. When either inoculating or streaking culture media plates it is preferable to start with the non-inhibitory medium, such as blood agar, and then inoculate or streak any inhibitory or selective medium such as MacConkey agar.


Streaking the agar plates

The object of plate streaking is to obtain isolated bacterial colonies that are required for observing colonial morphology, antibiotic sensitivity testing and for biochemical identification. The quadrant streak method, using the whole plate, is usually employed for most diagnostic specimens (Fig. 2.22).
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Figure 2.22 Quadrant streaking method for obtaining isolated bacterial colonies on agar media. The loop should be flamed before and after streaking.



The plate is first labelled, on the agar side, with the type of specimen, date of inoculation and reference number. A waterproof marker pen is used and the writing should be kept as near to the edge of the plate as possible so that after incubation the bacterial colonies are not obscured. Two inoculating loops are used so that one can be cooling while the other is in use. The loops should be flamed (Fig. 2.23) before starting and then after streaks 1, 2 and 3. The number of times the loops are flamed will depend on the estimated number of bacteria in the original inoculum. The loop must always be flamed after streak 4 before putting it down. The inoculating loop should be kept as near to parallel to the agar surface as possible to prevent the loop from digging into the agar (Fig. 2.24). Alternatively, disposable plastic loops can be used, a new loop being used after each streak. Streaks 1, 2 and 3 should be kept as close to the edge of the plate as is practical, thus leaving plenty of room for streak 4 where it is hoped to obtain isolated colonies (Fig. 2.25). This last area of the plate should be fully utilized, keeping the streak lines as close together as possible.
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Figure 2.23 Correct technique for flaming an inoculating loop.
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Figure 2.24 Plate inoculation technique: streaking culture media.
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Figure 2.25 MacConkey agar streaked with Enterobacter aerogenes showing isolated colonies (see area 4, Figure 2.22).



Half-plating or quarter-plating (Fig. 2.26) can be employed where the initial inoculum is judged to contain only a few bacterial cells such as with bovine mastitic milk samples.


[image: image]

Figure 2.26 Half-plating and quarter-plating on agar media. These techniques should be used only if the sample is likely to contain small numbers of bacteria or a single bacterial species, such as mastitic milk samples.








Incubation of the Inoculated Culture Plates

As well as the selection of the media, temperature and time of incubation must be considered together with the gaseous atmosphere under which the culture plates should be incubated. These will depend upon the bacterial pathogens that are being sought. The following incubation temperatures, times and atmospheric conditions are offered as general guidelines.


Incubation atmosphere



• Normal atmosphere (aerobic) for most of the pathogenic bacteria and all the fungi

• 5–10% CO2:


[image: image] Actinobacillus pleuropneumoniae

[image: image] Actinomyces viscosus

[image: image] Brucella species

[image: image] Campylobacter jejuni and C. fetus (optimally 6% O2, 10% CO2, 84% N2)

[image: image] Dermatophilus congolensis (primary isolation)

[image: image] Francisella tularensis

[image: image] Haemophilus species

[image: image] Histophilus species

[image: image] Taylorella equigenitalis



• Anaerobic:


[image: image] Actinomyces bovis

[image: image] Bacteroides species

[image: image] Clostridium species

[image: image] Actinobaculum suis

[image: image] Fusobacterium species

[image: image] Peptoniphilus species

[image: image] Brachyspira hyodysenteriae.








Incubation temperature



• 37°C: Most of the microorganisms pathogenic for animals including the mycoplasmas and fungi that cause systemic mycoses

• 42°C:


[image: image] Campylobacter jejuni

[image: image] Brachyspira hyodysenteriae



• 28°C–30°C Leptospira serovars

• 25°C: The dermatophytes except Trichophyton verrucosum that tolerates 37°C

• 4°C: For cold enrichment of Listeria monocytogenes (from brain samples) and Yersinia enterocolitica and Y. pseudotuberculosis (from faecal samples).






Incubation time



• 24–48 hours: most of the rapidly growing bacteria

• 48–72 hours: the rapidly growing bacteria when plated on selective media

• 4–6 days:


[image: image] Brucella species

[image: image] Campylobacter species

[image: image] Nocardia asteroides

[image: image] Mycoplasma species

[image: image] Atypical mycobacteria

[image: image] The relatively fast-growing fungi.



• 2–3 weeks: most of the dermatophytes (T. verrucosum up to five weeks) and Mycobacterium avium

• 3–8 weeks: Mycobacterium bovis

• 4–16 weeks: Mycobacterium avium subspecies paratuberculosis.






Bacteria not yet grown on conventional agar media

These include the rickettsiae, the haemotropic mycoplasmas, Chlamydophila species, Clostridium piliforme, Lawsonia intracellularis and some mycobacteria. Many of these microorganisms can be cultured in the yolk sac of fertile hen's eggs and/or in selected cell cultures.

Table 2.4 gives the features of some commonly isolated bacteria on routinely used media (blood and MacConkey agars) and their appearance in a Gram-stained smear from the cultures.


Table 2.4

Features of some commonly isolated bacteria on routine media
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+ = Positive; − = Negative; V = Variable reaction; LF = Lactose-fermenter; NLF = Non-lactose fermenter; R = Rod; C = Coccus

*Size of colonies can be variable. Size is given and described after 48 hours' incubation, as even with fast-growing bacteria the colonies are more characteristic at this stage.








Disposal of Culture Plates and Pathological Materials

An important consideration, when setting up a microbiology laboratory, is the safe disposal of culture plates and pathological specimens that may pose a human health hazard. Methods of destroying the pathogens that the materials contain include:


• Placing the materials in an autoclavable bag and sterilizing in an autoclave

• Enclosing the materials in a strong leak-proof plastic bag and burning in an incinerator

• The least satisfactory option is to soak the culture plates and other pathological material in a suitable disinfectant for at least 48 hours before the contents can be safely discarded.



Materials containing pathogenic microorganisms should not leave the laboratory until they have been sterilized.






Identification of bacterial pathogens

Identification of the bacterial pathogen(s) involved in animal disease essentially depends upon:


• Knowledge of the animal species, clinical signs of disease and/or the type of pathological lesion.

• Examination of stained smears made directly from specimens.

• The growth and colonial characteristics of the bacterial pathogen on:


[image: image] Blood agar:


– size of the colony

– morphology of the colony, for example whether it is in a rough or smooth form

– pigment production (Fig. 2.27)
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Figure 2.27 Chromogenic bacteria on nutrient agar: clockwise from top, Micrococcus sp. (yellow), Rhodococcus equi, Serratia rubidaea, Pseudomonas aeruginosa (diffusion of pigment), Micrococcus roseus and Staphylococcus pseudintermedius (no pigment).



– whether haemolytic, and if so the type of haemolysis (Fig. 2.28).
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Figure 2.28 Patterns of haemolysis produced by streptococci on sheep blood agar: clockwise from top, beta-haemolytic Group A, S. uberis (alpha), S. agalactiae (beta), Enterococcus faecalis (alpha), beta-haemolytic Group C, S. pneumoniae (alpha).





[image: image] Selective/indicator media: these will also demonstrate some biochemical reactions of the bacterium.



• The atmospheric conditions needed for growth can aid in the identification of the bacterium.

• Biochemical and other tests carried out on a pure culture of the suspected pathogen to confirm its identity.




Pure Culture Technique

Bacterial contaminants, representing those microorganisms from the normal flora, external environment or from post mortem invasion may be present on the plates together with the pathogen of interest. Subculture of the bacterial colony type(s) considered most significant should be made to obtain pure cultures for use in identification tests. To obtain a pure culture, the top of two or three similar and isolated colonies should be touched with a sterile inoculating loop from the blood agar plate. Another blood agar plate and a MacConkey agar plate should be streaked out with the colonial growth. It is preferable to select colonies from a non-selective medium, such as blood agar because suppressed microcolonies of other bacteria on selective media could inadvertently be collected together with the colony of interest.




Primary Identification of Bacteria

Once a pure culture is obtained, the results from a few comparatively simple tests can often identify the bacterium to a generic level:


• A Gram-stained smear from the culture will establish:


[image: image] the Gram reaction (Gram-positive or Gram-negative)

[image: image] the colonial morphology (coccus or rod)



• Growth or absence of growth on MacConkey agar

• Catalase and oxidase tests

• Motility test

• An oxidation-fermentation (O-F) test in Hugh and Leifson's medium.




Gram reaction

Provided that the Gram-stained smear has been made from a pure culture, if any cells have retained the crystal violet–iodine complex then the bacterium is regarded as being Gram-positive. It is not unusual for some of the cells to decolourize, particularly older cells or those producing endospores. In some of the Bacillus species, such as B. circulans, all of the cells usually decolourize. Endospores in a Gram-stain are seen as unstained areas within the mother cell. The production of endospores could indicate that the bacterium is a Bacillus (aerobic) or a Clostridium (anaerobic) species.




Other tests to distinguish between Gram-positive and Gram-negative bacteria

If the results of the Gram stain are equivocal, other tests are available to aid in the differentiation of Gram-positive and Gram-negative bacteria.



LANA test

A swab is impregnated with L-alanine-4-nitroanilide (LANA). A colony is touched with the swab and the swab will turn yellow if the bacterium is Gram-negative (Fig. 2.29).


[image: image]

Figure 2.29 LANA test: Gram-positive (left) no reaction and Gram-negative (right) positive.






KOH test

A loopful of the bacterium is taken from a non-selective medium (blood agar) and mixed with an equal amount of 3% potassium hydroxide (KOH) on a clean microscope slide. After thorough mixing the loop is lifted at intervals to see whether a gel is forming. If the bacterium is Gram-negative a viscous gel forms within 60 seconds while no gel is formed if the bacterium is Gram-positive (Fig. 2.30).
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Figure 2.30 KOH test: showing a viscous gel formed only by Gram-negative bacteria.






Susceptibility to vancomycin

The majority of Gram-positive bacteria (except for some lactobacilli and some enterococci) are susceptible to vancomycin whereas all Gram-negative bacteria are resistant (Fig. 2.31).
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Figure 2.31 Differentiation of Gram-positive and Gram-negative bacteria using the susceptibility of most Gram-positive bacteria to vancomycin: Rhodococcus equi (left), Escherichia coli (right) and Staphylococcus aureus (bottom).










Cellular morphology (shape)

In this primary identification bacteria are regarded as being either a coccus or a rod, filamentous bacteria being viewed as elongated rods. Pleomorphic bacteria such as Trueperella (Arcanobacterium) pyogenes and Rhodococcus equi can appear coccal but there are usually a few rod-shaped cells present in the Gram-stained smear, and they are classified as rods for purposes of identification. Listeria monocytogenes also tends to produce many coccal forms especially from young cultures.




Growth or no-growth on McConkey agar

Commercial firms may prepare more than one type of MacConkey agar. These differ in the composition of the bile salts and as to whether or not crystal violet (anti-Gram-positive) is present. It is advisable to use a MacConkey agar that inhibits the majority of Gram-positive bacteria, will support the growth of all members of the Enterobacteriaceae but is selectively inhibitory to the other Gram-negative bacteria.




Catalase test

This test detects the enzyme catalase that converts hydrogen peroxide to water and gaseous oxygen. The reagent, 3% hydrogen peroxide, should be stored at +4°C in a dark bottle. Extra care must be taken if the bacterium has been grown on blood agar, because the presence of red blood cells can lead to a false-positive reaction.


• Method 1: A loopful of the bacterial growth is taken from the top of the colonies avoiding the blood agar medium. The bacterial cells are placed on a clean microscope slide and a drop of 3% hydrogen peroxide is added. An effervescence of oxygen gas, within a few seconds, indicates a positive reaction (Fig. 2.32).


[image: image]

Figure 2.32 Catalase test on a slide: negative (left) and positive (right).



• Method 2: A drop of 3% hydrogen peroxide is added to a colony on the plate and another drop to an area of the blood agar plate without bacterial growth. Bubbles of oxygen gas will arise from the blood agar but greater gas production from the bacterial colony indicates a positive test (Fig. 2.33).


[image: image]

Figure 2.33 Catalase test on blood agar: strong positive reaction (left) from colonies and weaker reaction (right) from blood agar.








Oxidase test

This test depends on the presence of cytochrome c oxidase in a bacterial cell. Anaerobes are oxidase-negative. The reagents used in the tests should be colourless and be stored in a dark bottle at 4°C. The solutions must not be used if they become dark blue. Auto-oxidation of the reagents may be retarded by the addition of 1% ascorbic acid. Other precautions include testing colonies on non-selective media that do not contain glucose or nitrate and the use of a glass rod, platinum loop or disposable plastic loop to pick up the bacterial growth. A conventional nichrome loop contains iron and if used, can result in a false-positive test. Several methods can be used for the oxidase test:


• Method 1: A piece of filter paper is moistened in a Petri dish with 1% aqueous solution of tetramethyl-p-phenylenediamine dihydrochloride. The test bacterium is streaked firmly across the filter paper with a glass rod. A dark purple colour along the streak line within 10 seconds indicates a positive reaction (Fig. 2.34). Pseudomonas aeruginosa can be used as a positive control organism.


[image: image]

Figure 2.34 Oxidase test: filter paper method. A purple colour within 10 seconds indicates a positive reaction.



• Method 2: Equal volumes of 1% alpha-naphthol in 95% ethanol and 1% aqueous solution of p-aminodimethylaniline oxalate are mixed. A drop of the mixture is placed on the surface of a few colonies on a blood agar plate. Colonies developing a blue colour within 10–30 seconds is interpreted as a positive reaction (Fig. 2.35). Weak reactions occurring after two minutes are discounted. The colonies giving a positive reaction are viable, if subcultured within a few minutes of reading the test.


[image: image]

Figure 2.35 Oxidase test on agar medium: blue colonies are oxidase-positive.



• Method 3: Commercial oxidase paper strips and oxidase sticks are available. The tests should be carried out according to the manufacturers' instructions.






Motility tests

The majority of bacteria are motile by means of flagella. Motility can be temperature-dependent and some bacteria tend to be motile at ambient temperatures but not at 37°C. Two main methods are used to demonstrate motility:


• Method 1: Direct microscopy using a young broth culture (2–4 hours' incubation) of the bacterium incubated at room temperature. A ‘hanging-drop’ preparation is made by placing a drop of the broth culture in the centre of a clean cover slip and then inverting it over a plastic or glass ring (about 5 mm deep) fixed to a microscope slide (Fig. 2.36). The preparation is brought into focus under low-power and then examined with the high-power dry objective with reduced illumination. The bacterium is motile if individual cells are moving towards and away from other cells. Brownian movement is a constant and random jiggling of all bacterial cells and other small particles and must not be mistaken for true motility. If the bacterium appears to be non-motile by direct microscopy, then this negative result should be checked by the inoculation of motility media.


[image: image]

Figure 2.36 The hanging-drop method for detection of motility.



• Method 2: Semisolid motility media are available commercially. Tetrazolium salts can be added to these media to aid in the detection of motility. Before autoclaving the motility medium, 0.05 g of 2,3,5-triphenyltetrazolium chloride (TTC) is added per litre of medium. Tetrazolium salts are colourless but as the bacterium grows the dye is incorporated into the bacterial cells where it is reduced to an insoluble red pigment, formazan. The red colour forms only in the area of medium where the bacterium is growing (Fig. 2.37).


[image: image]

Figure 2.37 Motility medium (semisolid) with TTC indicator; from left, uninoculated, motile and non-motile bacteria.




[image: image] Motility media are prepared in test tubes. Two tubes of the medium are stab-inoculated using a straight wire. One tube is incubated at room temperature and the other at 37°C. The tubes are examined for motility after 24 and 48 hours. Motile bacteria migrate through the semisolid medium which becomes turbid. If TTC has been incorporated into the medium, the motility is demonstrated by a red colour throughout the agar. The growth of a non-motile bacterium is confined to the stab line.



• Sulphide indole motility (SIM) medium can be used to detect motility and will also indicate indole and hydrogen sulphide production.






Oxidation-fermentation (O-F) test

This test is used to determine the oxidative or fermentative metabolism of a carbohydrate by the bacterium. The medium is semisolid and usually contains glucose as the test sugar and bromothymol blue as the pH indicator. The uninoculated medium (pH 7.1) is green and if acid is produced by the bacterium, following metabolism of the glucose, the medium becomes yellow (pH 6.0). Bacteria that can metabolize glucose under either aerobic or anaerobic conditions are facultative anaerobes and in this test are said to be fermentative. The aerobes require atmospheric oxygen for growth and metabolism and are called oxidative. Some bacteria are unreactive in the conventional O-F medium, either because they are unable to grow in the basal medium or because they cannot utilize glucose.

Two tubes of the O-F medium are heated in a beaker of boiling water immediately before use to drive off any dissolved oxygen. The tubes are then cooled rapidly under cold running water. Both tubes are stab inoculated with the bacterium. A layer of sterile paraffin oil is layered on top of one of the tubes (sealed tube) to a depth of about 1 cm. The inoculated tubes are incubated at 37°C and examined in 24 hours and then daily for up to 14 days (Fig. 2.38).


[image: image]

Figure 2.38 Oxidation-fermentation (O-F) test: results from left, unreactive (tubes 1 and 2); oxidation (tubes 3 and 4) and fermentation (tubes 5 and 6).




O-F test reactions

[image: image]



The conventional O-F medium is most suitable for nonfastidious Gram-negative bacteria. Modifications can be made to the medium to test for:


• Fastidious bacteria unable to grow in the medium. In this case the basal medium can be enriched with 2% serum and/or 0.1% yeast extract.

• Staphylococci and micrococci. The formula for the staphylococcal O-F test medium is:


[image: image] Pancreatic digest of casein (tryptone) 10.0 g

[image: image] Yeast extract 1.0 g

[image: image] Agar 2.0 g

[image: image] Bromocresol purple 0.001 g

[image: image] Distilled water

[image: image] 1000 mL





The ingredients are heated gently to dissolve them and autoclaved at 121°C for 15 minutes. The medium is cooled to 50°C and sterile solutions of glucose and mannitol are added to a final concentration of 1% for each sugar. Bromocresol purple is purple at pH 6.8 and yellow at pH 5.2.

Figures 2.39 and 2.40 give the primary identification of Gram-positive and Gram-negative bacteria, respectively, to a generic level on the basis of the previously described tests.


[image: image]

Figure 2.39 Primary identification of Gram-positive bacteria. (Cat. = catalase; Ox. = oxidase; + = positive reaction; − = negative reaction; ± variable; * = motile; ** = anaerobic)




[image: image]

Figure 2.40 Primary identification of Gram-negative bacteria. (Cat. = catalase; Ox. = oxidase; + = positive reaction; − = negative reaction; ± variable; * = motile)








Secondary Biochemical Tests for the Identification of Bacteria

Once the bacterium has been identified to a generic level, further tests can be carried out to identify the species of the bacterium. Secondary biochemical tests can be grouped in the following categories:


• Commercial medium, prepared in tubes, incorporating several biochemical tests.

• Conventional biochemical tests usually carried out in small bottles or tubes. These are summarized in Table 2.5 and additional methods of identification are given in Section 2 under the appropriate bacterial genus.


Table 2.5

Summary of some commonly used biochemical tests for the identification of bacteria

[image: image]
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*= further details of medium or reagent given in Appendix 2.

**= Triple sugar iron agar

***= Sulphide indole motility agar



• Miniaturized methods that are available commercially and use small amounts of media in small chambers.

• Automated microbiology systems. These are beyond the scope of this book.




Commercial media incorporating several biochemical tests



• Kligler's iron agar contains two carbohydrates (sugars), glucose 0.1% and lactose 1.0% together with chemicals that indicate hydrogen sulphide production. The medium is similar to, and largely superseded by, triple sugar iron agar.

• Triple sugar iron (TSI) agar has three sugars, glucose 0.1%, lactose 1.0% and sucrose (occasionally saccharose) 1.0%. Phenol red is the pH indicator and ferrous sulphate or ferric ammonium citrate with sodium thiosulphate indicates hydrogen sulphide production. The medium is poured into test tubes and these are sloped before the agar sets to form slants. The medium is red (pH ≥ 7.3) if uninoculated or when an alkaline reaction occurs, and yellow (pH ≤ 6.8) if an acid reaction occurs (Fig. 2.41). TSI agar is essentially for the presumptive identification of Salmonella serotypes but is also useful for the differentiation of other members of the Enterobacteriaceae. This differentiation is enhanced if a tube of lysine decarboxylase broth (Fig. 2.42) is inoculated in parallel with the tube of TSI agar.


[image: image]

Figure 2.41 Triple sugar iron agar slope: from left, uninoculated, Salmonella sp. after 16 and 24 hours' incubation.




[image: image]

Figure 2.42 Lysine decarboxylase broth: from left, uninoculated, negative and positive reactions.



• Lysine iron agar: a solid medium, dispensed in tubes, for the detection of the decarboxylation of lysine and the production of hydrogen sulphide.

• SIM medium: a composite medium for the determination of hydrogen sulphide and indole production and motility (Fig. 2.43). It is used mainly for the Enterobacteriaceae.


[image: image]

Figure 2.43 SIM (sulphide indole motility) agar: from left, uninoculated, H2S+/Indole−/Motility+ and H2S-/Indole+/motility−. This medium (like TSI) uses iron salts to detect H2S production.



• MIO medium: this medium incorporates tests for motility, indole production and the decarboxylation of ornithine by members of the Enterobacteriaceae.




Inoculation of TSI agar and lysine decarboxylase broth

One isolated colony characteristic for Salmonella species from the selective/indicator media (e.g. XLD, brilliant green or MacConkey agars) is touched with a straight inoculating wire. A tube of TSI agar is stab inoculated in the middle of the agar to
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Carbohydrate discs placed
in medium (Fig. 2.46)
3. Sold agar 19% sugar incorporated 2448 hours _ Add production and _ Bromocresol purple_ Purple Yellow colonies and
medumsuchas  insoid agar medum 2t 37°C pH change medium
purple agar base (g 7.13)
1. Koser ditrate (liquid).  Uptoseven  Abilty to use citrate No growth Growth (turbidity)
Inoculat from broth with ~days at 37°C as sole carbon
staight wire (Fig. 2.47) source
2. Simmons dtrate. Uptoseven  As above Bromathymol blue _ Green (pH 6.9) (. col) _ Blue (pH 7.6)
Inoculate sold agar slant  days at 37°C (Saimonella spp).
(Fig. 248)
Coagulated Heavy inoculum of One to three  Proteolytc action on Slant unaltered Piting of slant
serum slant suspect Tuzpersla daysat 37°C  coagulated serum (Corynebacterum spp).  (rueperela
(Loeffler) Pyogenes as spot in pyogenes)

centre of slant (Fig. 10.15)
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Disease and species
affected

Abscesses or suppurative
conditions

Specimen

Pus or exudate

Pathogens

Staphylococcus species

stained

Appearance
smears

Gram + cocci, often in clumps

Many animal species

Streptococcus species

Gram + cocci, usually in

chains
Trueperella pyogenes Gram + rods, pleomorphic
Corynebacterium Gram + rods
pseudotuberculosis

Pseudomonas aeruginosa  Gram — rods

Pasteurella multocida Gram — rods

Fusobacterium
necrophorum

Gram —, long, slender
filaments, often staining
irregularly

Strangles

Horses

Suppurative broncho-
pneumonia or superficial
abscesses

Foals and young horses

Pus

Pus

Streptococcus equi
subspecies equi
Rhodococcus equi

Gram + cocci, often in chains

Gram + rods with tendency to
coccal forms
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Bordetella small, NLF R Colonies small at 24
bronchiseptica  greyish-white hours, becoming
and round considerably larger
0.5-2.0 mm later. Grows on
MacConkey. Unreactive
bacterium
Rhodococcus Salmon pink RC)  Pinkish-tan colonies,
equi and mucoid. the colour becoming
Colonies more definite with
coalesce increased time. Mucoid
1.0-2.0 mm colonies tend to merge
Staphylococcus  White, shiny, c Colonies similar to
epidermidis round and coagulase +
(coagulase -) convex staphylococdi but are
2.0-3.0 mm non-haemolytic and
always white
Micrococcus White, yellow C Shiny convex colones,
species tan or pink. can be white but are
Round, convex often pigmented. Not
and shiny considered pathogenic

2.0-3.0 mm
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Salmonella Greyish, round NLF Pale colonies on
species and shiny MacConkey agar. No
2.0-3.0 mm smell (unlike most of
the other members of
the Enterobacteriaceae)
Yersinia species  Greyish, round NLF Medium, round,
and shiny smooth, non-
2.0-3.0 mm haemolytic colonies.
Non-lactose fermenter
Serratia Red/orange, NLF Produce red pigment
marcescensand  convex, round (prodigiosin). Some
S. rubidaea and shiny. strains do not produce
Some strains the pigment at 37°C
white at 37°C
2.0-3.0 mm
Klebsiella species  Grey, mucoid IF Colonies tend to be
colonies that large, mucoid and pale
coalesce. pink on MacConkey
2.0-4.0 mm agar. Non-motile
Enterobacter Grey, mucoid LF Some isolates may
species colonies that appear very similar to
coalesce colonies of Klebsiella
2.0-4.0 mm species. Motile
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Proteus species Grey, NLF Characteristic swarming
swarming growth on non-
growth over selective medium. Turns
the agar. blood agar brown. Very
Swarming can foul smell. Colonies
be in waves pale and discreet on

MacConkey but edges
may be irregular

Pseudomonas Grey or NLF Large, flat colonies.

species other yellowish- Some may produce the

than P green, flat yellowish-green

aeruginosa

and spreading
2.5-4.0 mm

pigrment, pyoverdin
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Enterococcus White, +(alpha)  + LF Greenish (alpha)
faecalis smooth and (Pin- haemolysis. Red
round point) pinpoint colonies on
0.5-1.0 mm MacConkey agar,
although Gram +
Alpha-haemolytic  White, +(pha) - Greenish or partial
streptococci smooth and haemolysis. Not usually
round pathogenic, can be
0.5-1.0 mm part of the normal
flora
Erysipelothrix White, +(dphaat - Non-haemolytic at 24
rhusiopathiae smooth and 48 hours) hours’ incubation but
round Some alpha-haemolysis under
strains rough the colonies occurs at
0.5-1.5 mm 48 hours. Rough, dry

colonies especially from
the chronic forms of
the disease. Catalase -
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Staphylococcus  White o + (may be Human and bovine
aureus, . yellow, double) strains of . aureus
pseudintermedius  smooth round have a golden-yellow
or S. intermedius  and shiny pigment. Hold plate to
2.0-3.0 mm a bright light to see
characteristic double-
haemolysis of some
strains. Catalase +
Clostridium Grey flatand  + (double) Anaerobic with double
perfringens often irregular o target haemolysis
edge Colonies tend to have
2.0-3.0 mm irregular edges
Escherichia coli  Grey, smooth, V' IF Characteristic "coliform’
shiny and smell. Bright pink
round colonies on MacConkey
2.0-3.0 mm agar about the same
size as on blood agar
Aeromonas Grey, flat, + v Foul smell is
hydrophila round and characteristic but
shiny differs from that of E.
2.0-3.0 mm coli. Variable lactose

fermentation but good
growth on MacConkey
agar
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Pseudomonas Blue-green, + NLF R Amount of pyocyanin
aeruginosa flat, round. (blue-green pigment)
Some have varies between strains.
metallic sheen Characteristic
2.5-4.0 mm fruity-musty smell
Bacillus species  Grey, dry, ) R Many haemolytic
granular with (spores)  (exception B. anthracis).
irregular Dry colonies as no
edges capstllar material
3.0-5.0 mm produced on lab
media. Rhizoid (5.
mycoides) and other
unusual colony-types
Corynebacterium  Opaque, dry,  V R Haemolysis variable.
pseudo- crumbling The cells tend to be
tuberculosis 0.5-1.0 mm less pleomorphic than
Trueperella pyogenes
Corynebacterium  Grey-white, - R Small, moist colonies
renale round and at 2448 hours’
moist incubation, become
0.5-1.0 mm drier later. Urease +

Continued
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Brucella species  Translucent, RC)  Some brucellae require
convex and 10% CO, for growth
round 0.5 mm Colonies not visible

until two to three days’
incubation. MZN +

Campylobacter  Small, R Small ‘dew-drop’

fetus delicate, curved  colonies after two to
round and three days’ incubation.
opague Requires reduced
0.5 mm oxygen tension for

growth. Curved rods, if
in pairs they have a
‘seagull’ appearance

Actinobacillus Grey to R Small, round, non-

species translucent, haemolytic colonies.
shiny and Variable growth on
round MacConkey agar
0.5-1.0 mm
(not all species
will grow on
blood agar)

Pasteurella Translucent, R Translucent, round

multocida smooth, colonies that can
round and appear pinkish on
shiny blood agar.
1.0-2.0 mm Characteristic sweetish

smell. Indole +
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Me: Uses Sugars and other pH
substrates indicator
Nutrient agar Basic nutritive medium. Growth of less _ _ _
fastidious bacteria
Blood agar Growth of most bacteria including many  Red blood cell (shows
of the fastidious species haemolysis)
MacConkey Growth of the Enterobacteriaceae and Lactose Neutral red Bl salts
agar some other Gram-negative bacteria
Briliant green  Salmonella isolation. A few other bacteria  Lactose Phenolred  Brillant green
agar will grow on this medium Sucrose dye
XLD agar* Salmonella isolation. Some other bacteria  Xylose, lactose sucrose,  Phenol red Bile salts
will grow on XLDagar* lysine, and HyS
detection
TSl agar** Salmonella identification Lactose, sucrose, Phenol red
dextrose, H,S detection.
Selenite broth  Enrichment broth for isolation of _ _ Selenite
salmonellae
EMB agar*** Presumptive identfication of Escherichia  Lactose. Saccharose Eosin and
colf methylene
blue
Edwards Selective for the streptococei. Indicates Aesculin _ Crystal violet
medium aesculin hydrolysis and haemolysis Red blood cells and thallous
sulphate
Purple base agar  Presumptive differentiation of Staphyloccus 1% maltose Bromocresol
+1% maltose  aureus and S. pseudintermedius purple

Chocolate agar

Enriched medium for Haemophilus species
and Taylorella species

Lysed red cells. X and V'
factors released
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Dermatophilosis
(Streptothricosis)

Many animals, mainly in sheep,
cattle and horses

Scabs

Dermatophilus
congolensis

Gram -+, filamentous and
branching with coccal
zoospores arranged two or
more across

Canine nocardiosis and
canine actinomycosis

Pus or thoracic aspirates

Nocardia asteroides
Actinomyces viscosus

Both Gram +, filamentous
and branching, Nocardia spp.
MZN +

Bovine actinobacillosis
(wooden tongue)

Granules from pus

Actinobacillus lignieresi

Gram - rods

Bovine actinomycosis
(lumpy jaw)

Actinomyces bovis

Gram +, filamentous and
branching

Clostridial enterotoxaemia
Sheep and calves mainly

Scrapings from small
intestine of recently
dead animal

Clostridium perfringens

Gram +, fat rods. Large
numbers suggestive of
enterotoxaemia

Urinary tract infections
Dogs and cats

Campylobacter infections
Infertility in cattle. Abortion in
sheep and cattle

Fresh, carefully collected
urine

Vaginal mucus or foetal
stomach contents

Escherichia co, Proteus
species, Staphylococeus
species and Enterococcus
faecalis

Campylobacter fetus

Gram - rods
Gram + cocci
Gram + cocci

Dilute carbol fuchsin (simple) stain

Curved rods that can be in
chains giving ‘seagull forms

necrophorum

Swine dysentery Faeces or scrapings from  Brachyspira Numerous long (7.0 um) but
colon hyodysenteriae finely spiralled bacteria
Foot rot in sheep Exudate from hoof Dichelobacter nodosus  Rods with a knob on one or
both ends
Fusobacterium Long, slender filaments,

staining irregularly
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Modified Ziehl-Neelsen (MZN) stain

Brucellosis in cattle, sheep,
pigs and dogs

Foetal stomach contents,
vaginal discharge,
placenta

Brucella spp.

small, red coccobacill in
clumps

Nocardiosis
Canine nocardiosis
Bovine mastitis

Pus and aspirates
Sediment from
centrifuged milk

Nocardia asteroides

Long-branching filaments,
many staining bright red

Chlamydial infections
Sheep and cattle: abortion
Lambs, calves and pigs:
polyarthritis

Cats: feline pneumonitis

Cotyledons
Joint fluid

Conjunctival scrapings

Chlamydophila abortus
Chlamydophila pecorum

Chlamydophila felis

Small, red coccobacill in
clumps. Similar to brucellae
Small, red coccobacill

Continued
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Ziehl-Neelson (acid-fast) stain

Tuberculosis
Cattle and other species

Poultry, other avian species and
cenvical lymph nodes of pigs

Suspect lesions

Suspect lesions

Mycobacterium bovis

Mycobacterium avium

Long, thin, bright red rods,
can appear beaded. Usually
not numerous in smears

As above but larger numbers of
acid-fast rods usually present

Feline leprosy

Scrapings from lesions

Mycobacterium
lepraemurium

Large numbers of red-staining,
acid-fast rods present

Paratuberculosis (Johne's
disease) in cattle and sheep

Anthrax in cattle, sheep
and pigs

Faeces, smear from
ileocaecal valve area and
mesenteric ymph nodes

Blood smear from ear
vein or fluid from
peritoneal cavity (pigs)

Mycobacterium avium
subspecies
paratuberculosis

Bacillus anthracis

Fairly short, red, acid-fast rods
in clumps

Purplish, square-ended rods in
short chains surrounded by a
reddish-mauve capsule

Feline infectious anaemia

Thin blood smear

Mycoplasma haemofelis

Small, dark-blue coccal forms
on red blood cells

Avian spirochaetosis

Blood smear taken during
febrile period

Borrelia anserina

Helical bacteria, 8-20 um long
and 0.2-0.5 um wide with
five to eight spirals

Dermatophilosis
(streptothricosis) Many
animals, mainly sheep, cattle
and horses

Scabs

Dermatophilus
congolensis

Blue, filamentous and
branching with coccal
zoospores arranged two or
more across
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Polychrome methylene blue

Anthrax in catle, sheep Thin blood smear from  Becillus anthracis Blue, square-ended rods in
and pigs ear or tail vein. Fluid from short chains surrounded by a
peritoneal cavity (pigs) pinkish-red capsule
Wet preparations
Leptospirosis in many Centrifuged depositof  Leptospira serovars Helical, approx.15 um long
animal species urine or kidney tissue and 0.15 pum wide. Appears

beaded with hooked ends.
Dark field microscopy

Ringworm in many animal  Hair and skin scrapings i Microsporum and Chains of refractile, round
species 20% KOH Trichophyton spp. arthrospores on hairs.
High-dry objective
Other suspected fungal Tissue, exudates, biopsies  Aspergillus fumigatus,  Fungal mycelial elements or
infections in many animal  in 20% KOH Candida albicans and budding yeast cels. High-cry
species others objective
Bovine trichomoniasis Purulent uterine discharge  Trichomonas foetus Protozoan agent with three
in saline. Keep warm and free flagella and an
examine within one hour undulating membrane. Low/

of collection high-dry objectives
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PH indicator PH range Colour change  Media and biochemical tests
Alkaline Acid  Alkaline Acid

Andrades indicator  7.2-5.5 Colourless—pink ~ Peptone water sugars

Bromocresol purple  6.8-5.2 Purpleyellow Purple agar base, lysine decarboxylase broth

Bromothymol blue  7.6-7.0-6.0  Blue-green—yellow  O-F medium, Simmons citrate, Smith-Baskerville medium
(Bordetella spp.)

Litmus 8345 Bluered Litmus milk medium

Methyl red 6.4-4.4 Orange-red Methyl red test

Neutral red 8068 Pale yellow-red  MacConkey agar, Yersinia selective medium

Phenol red 8468 Red-yellow XLD*, brilliant green and TSI** agar, peptone water sugars,

Christensen urea agar
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Gramnegative bacteria

/ (stain re9) \

Coceicoccobacill Rods

Neissriasp:cocin s
Morarelabovs: fa coccobac i ais.
Some sains rodshaped
o posive

e =
oot i e aunsgs e e
in clumps. Growth on agar media

Chlamydophia (Chiamydia) psitac small
coccobacilin lumps. No growth on
conventonal aboratory media

et Filamentous
et Fusobacteium spp. (OCF stain)
T (anaerovic)

Medium-sized ods. Holical

Enterobaceriaceas. (Soklions)

Pseudomonas and Aeromones 9. Loplospia iterogans (dakield)

Bordeel 5. ‘Serpuina sp. (Gram or DCF sains)

Actnobacilus pp. Troponema spp. (Gram or DCF stains)

Hacmophios spp. Borla spp. (Giemsa stan)

Pasteurl spp.

Aealgenes spp.
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