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Introduction

Communicable diseases continue to account for an unduly high proportion
of the health budgets of developing countries. According to The world health
report,' acute diarrhoea is responsible for as many as 2.2 million deaths annu-
ally. Acute respiratory infections (primarily pneumonia) are another impor-
tant cause of death, resulting in an estimated 4 million deaths each year.
Analysis of data on lung aspirates appears to indicate that, in developing
countries, bacteria such as Haemophilus influenzae and Streptococcus pneumo-
nige, rather than viruses, are the predominant pathogens in childhood pneu-
monia. B-Lactamase-producing H. influenzae and S. pneumoniae with decreased
sensitivity to benzylpenicillin have appeared in different parts of the world,
making the surveillance of these pathogens increasingly important.

Sexually transmitted diseases are on the increase. There are still threats of
epidemics and pandemics of viral or bacterial origin, made more likely by
inadequate epidemiological surveillance and deficient preventive measures.
To prevent and control the main bacterial diseases, there is a need to develop
simple tools for use in epidemiological surveillance and disease monitoring,
as well as simplified and reliable diagnostic techniques.

To meet the challenge that this situation represents, the health laboratory ser-
vices must be based on a network of laboratories carrying out microbiologi-
cal diagnostic work for health centres, hospital doctors, and epidemiologists.
The complexity of the work will increase from the peripheral to the inter-
mediate and central laboratories. Only in this way will it be possible to gather,
quickly enough, sufficient relevant information to improve surveillance, and
permit the early recognition of epidemics or unusual infections and the devel-
opment, application, and evaluation of specific intervention measures.

' The world health report 2000. Geneva, World Health Organization, 2000.




Quality assurance in bacteriology

Introduction

Quality assurance programmes are an efficient way of maintaining the
standards of performance of diagnostic laboratories, and of upgrading those
standards where necessary. In microbiology, quality goes beyond technical
perfection to take into account the speed, cost, and usefulness or clinical
relevance of the test. Laboratory tests in general are expensive and, with

progress in medicine, they tend to use up an increasing proportion of the
health budget.

Definitions

To be of good quality, a diagnostic test must be clinically relevant, i.e. it must
help in the prevention or treatment of disease. Other measures of quality in a
diagnostic test are:

* Reliability: Is the result correct?

* Reproducibility: Is the same result obtained when the test is repeated?

e Speed: Is the test rapid enough to be of use to the doctor in prescribing
treatment?

o Cost-benefit ratio: Is the cost of the test reasonable in relation to the benefit
to the patient and the community?

Factors that affect the reliability and reproducibility
of laboratory results

Sources of error may include the following:

e Personnel. The performance of the laboratory worker or technician is
directly related to the quality of education and training received, the
person’s experience, and the conditions of employment.

* Environmental factors. Inadequate working space, lighting, or ventilation,
extreme temperatures, excessive noise levels, or unsafe working conditions
may affect results.

e Specimens. The method and time of sampling and the source of the speci-
men are often outside the direct control of the laboratory, but have a direct
bearing on the ability of the laboratory to achieve reliable results. Other
factors that the laboratory can control and that affect quality are the trans-
port, identification, storage, and preparation (processing) of specimens.
The laboratory therefore has a role in educating those taking and trans-
porting specimens. Written instructions should be made available and
regularly reviewed with the clinical and nursing staff.

® Laboratory materials. The quality of reagents, chemicals, glassware, stains,
culture media, and laboratory animals all influence the reliability of test
results.

o Test method. Some methods are more reliable than others.

e Equipment. Lack of equipment or the use of substandard or poorly main-
tained instruments will give unreliable results.

e Examination and reading. Hurried reading of results, or failure to examine
a sufficient number of microscope fields, can cause errors.

® Reporting. Transcription errors, or incomplete reports, cause problems.
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Quality of interpretation of test results

Interpretation is of particular importance in microbiology. At each stage in the
examination of a specimen, the results should be interpreted in order to select
the optimum test, in terms of speed and reliability, for the next stage of the
examination.

Quality assurance in the microbiology laboratory

Quality assurance is the sum of all those activities in which the laboratory is
engaged to ensure that test results are of good quality. It must be:

— comprehensive: to cover every step in the cycle from collecting the specimen
to sending the final report to the doctor (Fig. 1);

— rational: to concentrate on the most critical steps in the cycle;

— regular: to provide continuous monitoring of test procedures;

— frequent: to detect and correct errors as they occur.

GOOD-QUALITY LABORATORY SERVICES MEAN GOOD-QUALITY
MEDICINE

Quality assurance helps to ensure that expensive tests are used as economi-
cally as possible; it also determines whether new tests are valid or worthless,
improves the performance of clinical and public health laboratories, and may
help to make the results obtained in different laboratories comparable.

Types of quality assurance

There are two types of quality assurance: internal and external.

e Internal. This is called QUALITY CONTROL. Each laboratory has a pro-
gramme to check the quality of its own tests.

Fig. 1. Steps in laboratory investigation of an infected patient

PATIENT WITH INFECTION

Sampling ——»|«—— Transport, labelling

Y

Storage = Specimen,
l clinical information

— Macroscopic evaluation, odour
l PRELIMINARY REPORT
TO PHYSICIAN
Microscopy, interpretation
Culture: choice of medium, temperature, atmosphere

l

— |solation of pure cultures, antibiogram

FINAL REPORT
TO PHYSICIAN

Identification, interpretation
(contaminant, commensal, or pathogen)

WHI) $09560
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Internal quality control involves, ideally:

— continuous monitoring of test quality;
— comprehensive checking of all steps, from collecting the specimen (whenever
possible) to sending the final report.

Laboratories have an ethical responsibility to the patient to produce accurate,
meaningful results.

INTERNAL QUALITY CONTROL IS ABSOLUTELY ESSENTIAL FOR
GOOD OPERATING PROCEDURE

o External. This is called QUALITY ASSESSMENT. Laboratory performance
is controlled by an external agency. In some countries, participation is
mandatory (regulated by the government) and required for licensure.

External quality assessment involves:

— periodic monitoring of test quality;
— spot checking of identification tests, and sometimes of isolation techniques.

Quality criteria in microbiology
Clinical relevance

An important criterion of quality for a microbiological test is how much it
contributes to the prevention or cure of infectious diseases; this is called its
clinical relevance. Clinical relevance can only be ensured when there is
good communication between the clinician and the laboratory.

To illustrate clinical relevance, here are some examples:

1. If a few colonies of Gram-negative rods are isolated from the sputum or
throat swab of a hospitalized patient, further identification and an anti-
biogram are of no clinical relevance, since neither procedure will have
any effect on treatment of the patient.

2. If Streptococcus pyogenes is isolated, a full antibiogram has no clinical rele-
vance, since benzylpenicillin is the drug of choice, and this is always active
in vitro.

3. If Escherichia coli is isolated from a sporadic case of non-bloody diarrhoea,
identification of the serotype is of no clinical relevance, since there is no
clearly established correlation between serotype and pathogenicity.

4. If a Gram-stained smear shows “mixed anaerobic flora”, routine identifi-
cation of the anaerobes is of no clinical relevance. It would be costly in time
and materials, and would not affect treatment of the patient.

5. If a yeastis isolated from a respiratory tract specimen, an identification test
for Cryptococcus should be done. Further identification tests have no clin-
ical relevance, since they would have no effect on patient management.
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In summary, a test of good quality is one that is accurate and gives useful
results for the prevention or cure of infection. It is not necessary to isolate and
identify all the different types of organism in the sample.

Reliability

For tests that give quantitative results, reliability is measured by how close
the results are to the true value. Some examples of tests of this kind are:

— antibiotic assay of serum;

— measurement of minimal inhibitory concentration (MIC) values of anti-
biotics in vitro;

— serum antibody titrations.

For tests that give qualitative results, reliability is measured by whether the
result is correct. Some examples of tests of this kind are:

— identification of pathogens;
— antibiotic susceptibility testing of isolates by the disc method.

Standard terminology for microorganisms is essential to reliability. Inter-
nationally recognized nomenclature should always be used. For example:
Staphylococcus aureus, NOT “pathogenic staphylococci”; Streptococcus pyogenes,
NOT “haemolytic streptococci”.

Use of uniform, approved methods is essential. For example, disc suscepti-
bility tests should be performed with an internationally recognized technique,
such as the modified Kirby—Bauer test (page 109).

Reproducibility

The reproducibility or precision of a microbiological test is reduced by two
things:

1. Lack of homogeneity. A single sample from a patient may contain more than
one organism. Repeat culturing may therefore isolate different organisms.

2. Lack of stability. As time passes, the microorganisms in a specimen multi-
ply or die at different rates. Repeat culturing may therefore isolate differ-
ent organisms. To improve precision, therefore, specimens should be tested
as soon as possible after collection.

Efficiency
The efficiency of a microbiological test is its ability to give the correct diag-
nosis of a pathogen or a pathological condition. This is measured by two

criteria:

1. Diagnostic sensitivity

total number of positive results

Sensitivity =
Y= total number of infected patients

The greater the sensitivity of a test, the fewer the number of false-negative
results.
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For example, the sensitivity of MacConkey agar is poor for the isolation of
Salmonella typhi from stool. This important enteric pathogen is often missed
because of overgrowth by nonpathogenic intestinal bacteria.

2. Diagnostic specificity

total number of negative results

Specificity =
P Y~ total number of unifected patients

The greater the specificity of a test, the fewer the number of false-positive
results.

For example:

e Ziehl-Neelsen staining of sputum is highly specific for diagnosing
tuberculosis, because it gives only a few false-positive results.

* Ziehl-Neelsen staining of urine is much less specific, because it gives
many false-positive results (as a result of atypical mycobacteria).

* The Widal test has a very low specificity for the diagnosis of typhoid
fever, because cross-agglutinating antibodies remaining from past
infections with related salmonella serotypes give false-positive results.

The sensitivity and specificity of a test are interrelated. By lowering the level
of discrimination, the sensitivity of a test can be increased at the cost of reduc-
ing its specificity, and vice versa. The diagnostic sensitivity and specificity of
a test are also related to the prevalence of the given infection in the popula-
tion under investigation.

Internal quality control

Requirements

An internal quality control programme should be practical, realistic, and
economical.

An internal quality control programme should not attempt to evaluate every
procedure, reagent, and culture medium on every working day. It should eval-
uate each procedure, reagent, and culture medium according to a practical
schedule, based on the importance of each item to the quality of the test as a
whole.

Procedures

Internal quality control begins with proper laboratory operation.

Laboratory operations manual

Each laboratory should have an operations manual that includes the follow-
ing subjects:

— cleaning of the working space,

— personal hygiene,

— safety precautions,

— designated eating and smoking areas located outside the laboratory,
— handling and disposal of infected material,

6
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— appropriate vaccinations for workers, e.g. hepatitis B,
— care of equipment,

— collection of specimens,

— registration of specimens,

— elimination of unsuitable specimens,

— processing of specimens,

— recording of results,

— reporting of results.

The operations manual should be carefully followed, and regularly revised
and updated.

Care of equipment

It is particularly important to take good care of laboratory equipment. Good
quality tests cannot be performed if the equipment used is either of poor
quality or poorly maintained.

Table 1 is a schedule for the routine care and maintenance of essential equip-
ment. Equipment operating temperatures may be recorded on a form such as
the one shown in Fig. 2.

Culture media

Culture media may be prepared in the laboratory from the basic ingredients
or from commercially available dehydrated powders, or they may be pur-
chased ready for use. Commercial dehydrated powders are recommended
because they are economical to transport and store, and their quality is likely
to be higher than media prepared in the laboratory. For best results, careful
attention is required to the points itemized below.

Selection of media

An efficient laboratory stocks the smallest possible range of media consistent
with the types of test performed. For example, a good agar base can be used
as an all-purpose medium for preparing blood agar, chocolate agar, and
several selective media.

One highly selective medium (Salmonella—Shigella agar or deoxycholate citrate
agar) and one less selective medium (MacConkey agar) are necessary for the
isolation of pathogenic Enterobacteriaceae from stools.

A special culture medium should be added for the recovery of Campylobacter
spp.

Ordering and storage of dehydrated media

1. Order quantities that will be used up in 6 months, or at most 1 year.

2. The overall quantity should be packed in containers that will be used up
in 1-2 months.

3. On receipt, tighten caps of all containers securely. Dehydrated media
absorb water from the atmosphere. In a humid climate, seal the tops of
containers of dehydrated media with paraffin wax (fill the space between
the lid and container with molten wax, and let it harden).
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Table 1. Quality control of equipment

Equipment

Routine care

Monitoring

Technical maintenance
and inspection

Anaerobic jar

Autoclave

Centrifuge

Hot-air oven
for sterilization
of glassware

Incubator

Microscope

Refrigerator

Water-bath

Clean inside of jar each week

Reactivate catalyst after each
run (160°C, 2h)

Replace catalyst every 3 months

Clean and change water
monthly

Wipe inner walls with antiseptic
solution weekly or after
breakage of glass tubes or
spillage

Clean inside monthly

Clean inside walls and
shelves monthly

Wipe lenses with tissue or lens
paper after each day’s work
Clean and lubricate mechanical

stage weekly
Protect with dust cover when
not in use

Clean and defrost every 2
months and after power failure

Wipe inside walls and change
water monthly

Use methylene blue indicator
strip with each run

Note and record decolorization
time of indicator each week

Check and adjust water level
before each run

Record time and temperature
or pressure for each run

Record performance with
spore-strips weekly

Record time and
temperature for each run

Record temperature at the
start of each working day
(allowance 35 + 1°C)

Check alignment of
condenser monthly

Place a dish of blue silica
with the microscope under
the dust cover to prevent
fungal growth in humid
climates

Record temperature every
morning (allowance 2-8°C)

Check water level daily

Record temperature on first
day of each week (allowance
55-57°C)

Inspect gasket
sealing in the
lid weekly

Every 6 months

Replace brushes
annually

Every 6 months

Every 6 months

Annually

Every 6 months

Every 6 months

O PN U

Write the date of receipt on each container.
Store in a dark, cool, well-ventilated place.
Rotate the stock so that the older materials are used first.

When a container is opened, write the date of opening on it.
Discard all dehydrated media that are either caked or darkened.
Keep written records of media in stock.

Preparation of media

1. Follow strictly the manufacturer’s instructions for preparation.

2. Prepare a quantity that will be used up before the shelf-life expires (see

below).




Temperature

Room

Date

Nov. Dec.

May June July Aug. Sept. Oct.

Apr.

Fig. 2. Record of equipment operating temperature

Read daily. Check if temperature indication is acceptable. If aberrant, record temper-

ature in space.
Date Jan. Feb. Mar.
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Storage of prepared media

—_

Protect against sunlight.

Protect against heat. Media containing blood, other organic additives, or
antibiotics should be stored in the refrigerator.

The shelf-life of prepared media, when stored in a cool, dark place, will
depend on the type of container used. Typical shelf-lives are:

— tubes with cotton-wool plugs, 3 weeks;

— tubes with loose caps, 2 weeks;

— containers with screw-caps, 3 months;

— Petri dishes, if sealed in plastic bags, 4 weeks.

Quality control of prepared media

1.

pH testing. The pH of the prepared medium need not be checked routinely
when it is correctly prepared from dehydrated powder. If the medium is
prepared from basic ingredients, it should be allowed to cool before the
pH is tested. Solid media should be tested with a surface electrode or after
maceration in distilled water. If the pH differs by more than 0.2 units from
the specification, adjust with acid or alkali or prepare a new batch.
Sterility testing. Carry out routine sterility tests on media to which blood
or other components have been added after autoclaving. Take 3-5% of each
batch and incubate at 35°C for 2 days. Refrigerate the rest. If more than
two colonies per plate are seen, discard the whole batch.

Performance testing. The laboratory should keep a set of stock strains for
monitoring the performance of media. A suggested list of stock strains is
give in Table 2. These strains can be obtained through routine work, or
from commercial or official sources. Recommendations for the mainte-
nance and use of stock strains are given on page 14.

A list of performance tests for commonly used media is given in Table 3.

Table 2. Suggested stock strains for quality control®

Gram-positive cocci

Enterococcus faecalis (ATCC 29212
or 33186)

Staphylococcus aureus (ATCC 25923)

Staphylococcus epidermidis

Streptococcus agalactiae

Streptococcus mitis

Streptococcus pneumoniae

Streptococcus pyogenes

Gram-negative fastidious organisms

Moraxella catarrhalis

Haemophilus influenzae type b
B-lactamase-negative
B-lactamase-positive

Haemophilus parainfluenzae

Neisseria gonorrhoeae

Neisseria meningitidis

Anaerobes

Bacteroides fragilis

Clostridium perfringens

Enterobacteriaceae
Citrobacter freundii
Enterobacter cloacae
Escherichia coli (ATCC 25922)
Klebsiella pneumoniae
Proteus mirabilis

Salmonella typhimurium
Serratia marcescens

Shigella flexneri

Yersinia enterocolitica

Other Gram-negative rods
Acinetobacter Iwoffi
Pseudomonas aeruginosa (ATCC 27853)
Vibrio cholerae (non-01)
Fungi

Candida albicans

2The strains most relevant to the needs of the laboratory should be selected.

10



S QUALITY ASSURANCE IN BACTERIOLOGY

Table 3. Performance tests on commonly used media

Medium Incubation Control organism Expected result
Bile—aesculin agar 24h Enterococcus faecalis Growth and blackening
o-Haemolytic No growth, with haemolysis
Streptococcus
Blood agar 24h, CO, Streptococcus Growth and B-haemolysis
pyogenes
S. pneumoniae Growth and a-haemolysis
Chocolate agar 24h, CO, Haemophilus influenzae ~ Growth
Decarboxylase (cover with sterile
oil)
— lysine 48h Shigella typhimurium Positive
Shigella flexneri Negative
— ornithine 48h S. typhimurium Positive
Klebsiella pneumoniae Negative
Dihydrolase
— arginine 48h S. typhimurium Positive
Proteus mirabilis Negative
Gelatinase (rapid tests) 24h Escherichia coli Negative
Serratia marcescens Positive
Kligler iron agar (see Triple sugar
iron agar)
MacConkey agar with crystal 24h E. coli Red colonies
violet P. mirabilis Colourless colonies (no swarming)
E. faecalis No growth
Malonate broth 24h E. coli Negative (green)
K. pneumoniae Positive (blue)
Mannitol salt agar 24h Staphylococcus aureus  Yellow colonies
Staphylococcus Rose colonies
epidermidis
E. coli No growth
Methyl red/Voges—Proskauer 48h E. coli Positive/negative
K. pneumoniae Negative/positive
Mueller-Hinton agar 24h E. coli ATCC 25922
S. aureus ATCC 25923 pcceptable zone sizes
Pseudomonas (Table 24, p. 110)
aeruginosa ATCC
27853
Nitrate broth 24h E. coli Positive
Acinetobacter Iwoffi Negative
Oxidation/fermentation 24h P. aeruginosa Oxidation at the suface
dextrose (without oil) A. lwoffi No change
Peptone water (indole) 24h E. coli Positive
K. pneumoniae Negative
Phenylalanine deaminase/ 24h E. coli Negative
ferrichloride P. mirabilis Positive
Salmonella—-Shigella agar or 24h E. coli No growth
deoxycholate citrate agar S. typhimurium Colourless colonies
Yersina enterocolitica Colourless colonies
S. flexneri Colourless colonies
Selenite broth 24h S. typhimurium Growth after subculture
E. coli No growth after subculture
Simmons citrate agar (incubate 48h E. coli No growth

with loose screw-cap)

K. pneumoniae

Growth, blue colour
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Table 3 (continued)

Medium Incubation Control organism Expected result
Thiosulfate citrate bile salts 24h Vibrio spp. (non- Yellow colonies
agar agglutinating)
Thayer-Martin agar 24h, CO, Neisseria meningitidis Growth
Neisseria gonorrhoeae Growth
Staphylococcus spp. No growth
E. coli No growth
C. albicans No growth
Thioglycollate broth 24h Bacteroides fragilis Growth
Triple sugar iron agar (depth of 24h Citrobacter freundii A/A gas® + H,S
butt should be at least 2.5cm; S. typhimurium K/A gas® + H,S
incubate with loose screw-cap) S. flexneri K/A gas?®
A. lwoffi No change
Urea medium 24h E. coli Negative
P. mirabilis Positive (pink)

Voges-Proskauer (see Methyl
red/Voges—Proskauer)

2A/A: acid slant; K/A: alkaline slant.

The procedures to be followed when carrying out performance tests on new
batches of media are:

1. Prepare a suspension of the stock strain with a barely visible turbidity,
equivalent to that of the barium sulfate standard used in the modified
Kirby-Bauer method (McFarland 0.5) (see page 109) and use 1 loopful as
inoculum.

2. Incubate for the length of time used routinely. Read the plates in the usual
way.

3. Keep proper records of results.

Stains and reagents

Recommendations for testing a number of reagents are given in Table 4.

Testing should be carried out:

— each time a new batch of working solution is prepared;

— every week (this is critical for the cold Ziehl-Neelsen stain: the classical
stain has a shelf-life of several months).

Stains and reagents should be discarded when:

— the manufacturer’s expiry date is reached;
— visible signs of deterioration appear (turbidity, precipitate, discoloration).

Diagnostic antigens and antisera
In order to obtain the best results from antigens and antisera:
e Always follow the manufacturer’s instructions.

* Store at the recommended temperature. Some serological reagents do not
tolerate freezing.
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Table 4. Performance tests on commonly used reagents

Reagent or stain Species suitable for testing Medium
Positive Negative
Bacitracin disc S. pyogenes (zone) E. faecalis Blood agar
Catalase S. aureus E. faecalis Tryptic soy agar
Coagulase plasma S. aureus S. epidermidis Tryptic soy agar
B-Glucuronidase (PGUA)? E. coli K. pneumoniae Tryptic soy agar
Gram stain Staphylococcus spp E. coli Mixed in smear
ONPG? E. coli S. typhimurium Triple sugar iron agar
or Kligler iron agar
Optochin disc S. pneumoniae (zone) Streptococcus mitis Blood agar
Oxidase Pseudomonas aeruginosa E. coli Tryptic soy agar
Tellurite disc E. faecalis (no zone) Streptococcus Blood agar
agalactiae (zone)
V-factor (disc or strips) Haemophilus parainfluenzae ~ Haemophilus influenzae Tryptic soy agar
XV-factor (disc or strips) H. influenzae Tryptic soy agar
Ziehl-Neelsen stain Mycobacterium tuberculosis ~ Mixed non-acid-fast Sputum smear®
flora

#4-Nitrophenyl-p-D-glucopyranosiduronic acid. (PGUA)
bo-Nitrophenyl-B-pD-galactopyranoside.
°Prepare a number of smears from known positive and negative patients. Fix by heat, wrap individually in paper, and

store in the refrigerator.

* Avoid repeated freezing and thawing. Before freezing, divide antiserum
into aliquot portions sufficient for a few tests.

e Discard when the manufacturer’s expiry date is reached.

e To test agglutinating antisera, always use fresh pure cultures of known
reactivity.

¢ Always include a serum control of known reactivity in each batch of tests.
The serum may be from a patient, or from a commercial source.

e [f possible, the potency of the control serum should be expressed in Inter-
national Units per millilitre.

e Paired sera from the same patient, taken during the acute and convales-
cent phases of the disease, should be tested with the same batch of
reagents.

e For the serological diagnosis of syphilis, only nationally or internationally
recognized procedures should be used.

e Each batch of serological tests should include:

— a negative serum (specificity control);

— a weakly reactive serum (sensitivity control);

— a strongly reactive serum (titration control), which should read within
one dilution of its titre when last tested.

¢ Always record all control serum titres.

Antibiotic susceptibility tests

The routine use of the modified Kirby—Bauer method is recommended
(page 109). To avoid errors, the following guidelines should be used:

e Discs should be of correct diameter (6.35mm).
e Discs should be of correct potency (Table 24, page 110).
® The stock supply should be stored frozen (—20°C).
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* The working supply should be kept no longer than 1 month in a refriger-
ator (2-8°C).

* Only Mueller-Hinton agar of performance-tested quality should be used.

e Correct pH (7.2-7.4) of the finished medium is essential for some anti-
biotics.

¢ The inoculum should be standardized against the prescribed turbidity
standard (page 111).

* Zone sizes should be measured exactly.

* Zone sizes should be interpreted by referring to a table of critical diame-
ters. Zone diameters for each organism should fall within the limits given
in Table 24 (page 110).

e The three standard control strains are:'
— Staphylococcus aureus (ATCC 25923; NCTC 6571);
— Escherichia coli (ATCC 25922; NCTC 10418);
— Pseudomonas aeruginosa (ATCC 27853; NCTC 10622).

o Tests should be carried out with the three standard strains:
— when a new batch of discs is put into use;
— when a new batch of medium is put into use;
— once a week, in parallel with the routine antibiograms.

* Use the quality control chart shown in Fig. 16 (page 121) for recording and
evaluating performance tests.

Maintenance and use of stock cultures
Selection and origin

Select the strains so that the maximum number of morphological, metabolic,
and serological characteristics can be tested with the minimum number of cul-
tures; a suggested list is given in Table 2. These strains can be obtained from
a combination of the following sources:

— properly documented isolates from clinical specimens;
— official culture collections;

— commercial producers;

— external quality assessment surveys;

— reference laboratories.

Preservation

Long-term preservation

Long-term preservation methods permit intervals of months or even years
between subcultures. The best methods are lyophilization (freeze-drying), or
storage at —70°C or below, in an electric freezer or in liquid nitrogen. Alter-
native methods are described below.

Glycerol at —-20 °C

1. Grow a pure culture on an appropriate solid medium.
2. When the culture is fully developed, scrape it off with a loop.
3. Suspend small clumps of the culture in sterile neutral glycerol.

' These strains can be obtained from: American Type Culture Collection (ATCC), 10801 Univer-
sity Boulevard, Manassas, VA 20110, USA; or National Collection of Type Cultures (NCTC), PHLS
Central Public Health Laboratory, 61 Colindale Avenue, London NW9 5HT, England.
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4. Distribute in quantities of 1-2ml in screw-capped tubes or vials.
5. Store at —20°C. Avoid repeated freezing and thawing. Transfer after 12-18
months.

Mineral oil at room temperature’

1. Prepare tubes of heart infusion agar with a short slant. For fastidious
organisms, add fresh native or heated blood.

2. Sterilize mineral oil (liquid petrolatum) in hot air (170°C for 1 hour).

3. Grow a pure culture on the agar slant.

4. When good growth is seen, add sterile mineral oil to about 1cm above the
tip of the slant.

5. Subculture when needed by scraping growth from under the oil.

6. Store at room temperature. Transfer after 6-12 months.

Stab cultures at room temperature (use for non-fastidious organisms
only, such as staphylococci and Enterobacteriaceae)

1. Prepare tubes with a deep butt of carbohydrate-free agar. Tryptic soy agar
(soybean casein digest agar) is recommended.

2. Stab the organism into the agar.

3. Incubate overnight at 35°C.

4. Close tube with screw-cap or cork. Dip cap or cork into molten paraffin
wax to seal.

5. Store at room temperature. Transfer after 1 year.

Stab cultures in cystine trypticase agar (CTA) (for Neisseria and
streptococci)

1. Prepare tubes of CTA basal medium.

2. Stab the organism into the medium.

3. Incubate overnight at 35°C.

4. Close tube with screw-cap or cork. Dip cap or cork into molten paraffin
wax to seal.

5. For Neisseria, store at 35°C, and transfer every 2 weeks. For streptococci,
store at room temperature, and transfer every month.

Cooked-meat medium for anaerobes

1. Inoculate tubes.

2. Incubate overnight at 35°C.

3. Close tube with screw-cap or cork.

4. Store at room temperature. Transfer every 2 months.

Short-term preservation

Working cultures for daily routine tests can be prepared in the following ways.

Rapid-growing organisms

1. Inoculate on tryptic soy agar slants in screw-capped tubes.
2. Incubate overnight at 35°C.
3. Store in a refrigerator. Transfer every 2 weeks.

' Morton HE, Pulaski EJ. The preservation of bacterial cultures. Journal of Bacteriology, 1938,
38:163-183.
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Streptococci

1. Inoculate on blood agar slants in screw-capped tubes.
2. Incubate overnight at 35°C.
3. Store in a refrigerator. Transfer every 2 weeks.

Meningococci and Haemophilus

1. Inoculate on chocolate agar slants or plates.
2. Incubate overnight at 35°C.
3. Store at room temperature. Transfer twice a week.

Gonococci

1. Inoculate on chocolate agar.
2. Incubate and store at 35°C. Transfer every 2 days.
3. Replace the quality control strain by each new clinical isolate.

Use of reference laboratories

The following categories of specimen should be submitted to a regional or
central reference laboratory:

— specimens for infrequently requested or highly specialized tests (e.g. virol-
ogy, serodiagnosis of parasitic infections);

— occasional duplicate specimens, as a check on the submitting laboratory’s
own results;

— specimens needing further confirmation, specification, grouping, or typing
of pathogens of great public health importance (e.g. Salmonella, Shigella,
Vibrio cholerae, Brucella, meningococci, and pneumococci).

Reference laboratories should be able to supply reference cultures for quality
control and training needs, and standard sera and reagents for comparison
with those in use in the referring laboratory.

If no external quality assessment programme exists, the reference laboratory
should be asked to supply blind, coded specimens and cultures so that
the referring laboratory may test its own proficiency in isolation and
identification.

External quality assessment

This section gives information on what is involved in participation in an exter-
nal quality assessment scheme (sometimes known as a “proficiency testing
scheme”).

Purposes
The purposes of a quality assessment programme are:

— to provide assurance to both physicians and the general public that labo-
ratory diagnosis is of good quality;

— to assess and compare the reliability of laboratory performance on a
national scale;

— to identify common errors;

— to encourage the use of uniform procedures;
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— to encourage the use of standard reagents;

— to take administrative measures (which may include revocation of the
operating licence) against substandard laboratories;

— to stimulate the implementation of internal quality control programmes.

Organization

A quality assessment programme consists of a number of surveys in which
coded specimens are distributed by mail to participating laboratories. These
specimens should be incorporated into the laboratory routine, and handled
and tested in exactly the same way as routine clinical specimens.

The surveys should be conducted in accordance with the following
recommendations:

— surveys should be carried out at least 4 times a year;

— a minimum of 3 specimens should be included in each survey;

— the reporting period should be short, for example 2 weeks following
receipt of the specimens;

— instructions and report forms should be included with each survey and
the report sheet should be in duplicate, with a clearly stated deadline.

Cultures

Cultures should be included for identification and for susceptibility testing
against a limited range of antibiotics; they may be pure cultures or mixtures
of two or more cultures.

Cultures should represent at least the first 3 of the following 6 categories:

1. Bacterial species that are of great public health potential, but which are
not often seen in routine practice, for example Corynebacterium diphtheriae,
Salmonella paratyphi A.

NOTE: Brucella and Salmonella typhi should not be used for quality assess-
ment schemes, since they may give rise to serious accidental infections.

2. Abnormal biotypes that are often misidentified, for example H,S-positive
Escherichia coli, lactose-negative E. coli, urease-negative Proteus.

3. Newly recognized or opportunistic pathogens, for example Yersinia ente-
rocolitica, Vibrio parahaemolyticus, Burkholderia, Pseudomonas cepacia.

4. A mixture of Shigella, Citrobacter, E. coli, and Klebsiella may be used to test
the skill of a laboratory in isolating pathogenic microorganisms from a
number of commensal organisms.

5. A mixture of nonpathogenic organisms may be used to test for ability to
recognize negative specimens.

6. Bacteria with special resistance patterns, for example meticillin-resistant S.
aureus (MRSA).

Sera

Serological tests for the following infections should be part of an external
quality assessment programme in bacteriology:

— syphilis
— rubella
— brucellosis
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— streptococcal infections
— typhoid fever.

Rating and reporting of results

As soon as all reports of results are received from participating, the correct
answers should be sent to the laboratories. Within one month after that, a final
report should be sent to the laboratories with an analysis of the results. A per-
formance score is given to each laboratory. Each laboratory should have a code
number known only to itself. Thus it can recognize its own performance in
relation to others, but the other laboratories remain anonymous.
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Blood

Introduction

Blood is cultured to detect and identify bacteria or other cultivable microor-
ganisms (yeasts, filamentous fungi). The presence of such organisms in the
blood is called bacteraemia or fungaemia, and is usually pathological. In
healthy subjects, the blood is sterile. However, there are a few exceptions: tran-
sient bacteraemia often occurs shortly after a tooth extraction or other dental
or surgical manipulation of contaminated mucous membranes, bronchoscopy,
or urethral catheterization. This type of transient bacteraemia is generally due
to commensal bacteria and usually resolves spontaneously through phagocy-
tosis of the bacteria in the liver and spleen.

Septicaemia is a clinical term used to describe bacteraemia with clinical
manifestations of a severe infection, including chills, fever, malaise, toxicity,
and hypotension, the extreme form being shock. Shock can be caused by
toxins produced by Gram-negative rods or Gram-positive cocci.

When and where bacteraemia may occur

Bacteraemia is a feature of some infectious diseases, e.g. brucellosis, lep-
tospirosis and typhoid fever. Persistent bacteraemia is a feature of endovas-
cular infections, e.g. endocarditis, infected aneurysm and thrombophlebitis.

Transient bacteraemia often accompanies localized infections such as arthri-
tis, bed sores, cholecystitis, enterocolitis, meningitis, osteomyelitis, peritoni-
tis, pneumonia, pyelonephritis, and traumatic or surgical wound infections.
It can arise from various surgical manipulations, but usually resolves
spontaneously in healthy subjects.

Bacteraemia and fungaemia may result from the iatrogenic introduction of
microorganisms by the intravenous route: through contaminated intravenous
fluids, catheters, or needle-puncture sites. Both types of infection may develop
in users of intravenous drugs and in immunosuppressed subjects, including
those with human immunodeficiency virus/the acquired immunodeficiency
syndrome (HIV/AIDS). They are often caused by “opportunistic” microor-
ganisms and may have serious consequences. Table 5 shows the most common
causes of bacteraemia or fungaemia.

Blood collection

Timing of blood collection

Whenever possible, blood should be taken before antibiotics are administered.
The best time is when the patient is expected to have chills or a temperature
spike. It is recommended that two or preferably three blood cultures be
obtained, separated by intervals of approximately 1 hour (or less if treatment
cannot be delayed). More than three blood cultures are rarely indicated. The
advantages of repeated cultures are as follows:

— the chance of missing a transient bacteraemia is reduced;
— the pathogenic role of “saprophytic” isolates (e.g. Staphylococcus epider-
midis) is confirmed if they are recovered from multiple venepunctures.
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Table 5. Common causes of bacteraemia or fungaemia

Gram-negative organisms Gram-positive organisms
Escherichia coli Staphylococcus aureus
Klebsiella spp. S. epidermidis
Enterobacter spp. o-Haemolytic (viridans) streptococci
Proteus spp. Streptococcus pneumoniae
Salmonella typhi E. faecalis (group D)
Salmonella spp. other than S. typhi S. pyogenes (group A)
Pseudomonas aeruginosa S. agalactiae (group B)
Neisseria meningitidis Listeria monocytogenes
Haemophilus influenzae Clostridium perfringens
Bacteroides fragilis (anaerobe) Peptostreptococcus spp. (anaerobes)
Brucella spp. Candida albicans and other yeast-
Burkholderia (Pseudomonas) pseudomallei like fungi (e.g. Cryptococcus

(in certain areas) neoformans)

It is important that blood specimens for culture are collected before initiating
empirical antimicrobial therapy. If necessary, the choice of antimicrobial can
be adjusted when the results of susceptibility tests become available.

Quantity of blood

Because the number of bacteria per millilitre of blood is usually low, it is
important to take a reasonable quantity of blood: 10ml per venepuncture for
adults; 2-5ml may suffice for children, who usually have higher levels of bac-
teraemia; for infants and neonates, 1-2ml is often the most that can be
obtained. Two tubes should be used for each venepuncture: the first a vented
tube for optimal recovery of strictly aerobic microorganisms, the second a
non-vented tube for anaerobic culture.

Skin disinfection

The skin at the venepuncture site must be meticulously prepared using a bac-
tericidal disinfectant: 2% tincture of iodine, 10% polyvidone iodine, 70%
alcohol, or 0.5% chlorhexidine in 70% alcohol. The disinfectant should be
allowed to evaporate on the skin surface before blood is withdrawn. If tinc-
ture of iodine is used, it should be wiped off with 70% alcohol to avoid pos-
sible skin irritation.

Even after careful skin preparation, some bacteria persist in the deeper skin
layers and may gain access to the blood, e.g. S. epidermidis, Propionibacterium
acnes, and even spores of Clostridium. Pseudobacteraemia (false-positive blood
culture) may result from the use of contaminated antiseptic solutions,
syringes, or needles. The repeated isolation of an unusual organism (e.g. Burk-
holderia (Pseudomonas) cepacia, Pantoea (Enterobacter) agglomerans, or Serratia
spp.) in the same hospital must raise suspicion of a nosocomial infection and
promote an investigation. Another source of contamination is contact of the
needle with non-sterile vials (or solutions), if the same syringe is first used to
provide blood for chemical analysis or measurement of the erythrocyte sedi-
mentation rate.
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Anticoagulant

The use of sodium polyanethol sulfonate (SPS) as an anticoagulant is recom-
mended because it also inhibits the antibacterial effect of serum and phago-
cytes. If the blood is immediately added to a sufficient volume (50ml) of broth
and thoroughly mixed to prevent clotting, no anticoagulant is needed. It is
recommended that blood-culture bottles be available at all hospitals and major
health centres. If blood-culture bottles are not available, blood may be trans-
ported to the laboratory in a tube containing a sterile anticoagulant solution
(citrate, heparin, or SPS). Upon receipt in the laboratory, such blood samples
must be transferred immediately to blood-culture bottles using a strict aseptic
technique. Where blood is taken without anticoagulant, the clot can be asep-
tically transferred to broth in the laboratory and the serum used for certain
serological tests (e.g. Widal).

Blood-culture media

Choice of broth medium

The blood-culture broth and tryptic soy broth (TSB) should be able to support
growth of all clinically significant bacteria.

Quantity of broth

Ideally, the blood should be mixed with 10 times its volume of broth (5ml of
blood in 50ml of broth) to dilute any antibiotic present and to reduce the
bactericidal effect of human serum.

Blood-culture bottles

Blood-culture bottles (125ml) with a pre-perforated screw-cap and a rubber
diaphragm must be used. Fill the bottle with 50 ml of medium and then loosen
the screw-cap half a turn. Cover the cap with a square piece of aluminium
foil, and autoclave the bottle for 20 minutes at 120°C. Immediately after
autoclaving, while the bottle and the medium are still hot, securely tighten
the cap without removing the aluminium foil (otherwise the cap will not
be sterile). As the medium cools, a partial vacuum will be created in the
bottle, which will facilitate injection of a blood specimen through the
diaphragm.

The top of the cap must be carefully disinfected just before the bottle is
inoculated.

Prior to distribution and before use, all blood-culture bottles should be
carefully examined for clarity. Any medium showing turbidity should not be
used.

If strictly aerobic bacteria (Pseudomonas, Neisseria) or yeasts are suspected, the
bottle should be vented as soon as it is received in the laboratory, by insert-
ing a sterile cotton-wool-plugged needle through the previously disinfected
diaphragm. The needle can be removed once the pressure in the bottle reaches
atmospheric pressure. Commercial blood-culture bottles often also contain
carbon dioxide, which has a stimulating effect on growth.
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In countries where brucellosis is prevalent, the use of a diphasic blood-culture
bottle, with a broth phase and a solid-slant phase on one of the flat surfaces
of the bottle (Castaneda bottle), is recommended for the cultivation of Brucella
spp- The presence of carbon dioxide is needed for the isolation of most strains
of B. abortus.

Processing of blood cultures

Incubation time

Blood-culture bottles should be incubated at 35-37 °C and routinely inspected
twice a day (at least for the first 3 days) for signs of microbial growth. A sterile
culture usually shows a layer of sedimented red blood covered by a pale
yellow transparent broth. Growth is evidenced by:

— a floccular deposit on top of the blood layer

— uniform or subsurface turbidity

— haemolysis

— coagulation of the broth

— a surface pellicle

— production of gas

— white grains on the surface or deep in the blood layer.

Whenever visible growth appears, the bottle should be opened aseptically, a
small amount of broth removed with a sterile loop or Pasteur pipette, and a
Gram-stained smear examined for the presence of microorganisms.

Subcultures are performed by streaking a loopful on appropriate media:

— for Gram-negative rods: MacConkey agar, Kligler iron agar, motility-
indole—urease (MIU) medium, Simmons citrate agar;

— for small Gram-negative rods: blood agar;

— for staphylococci: blood agar, mannitol salt agar;

— for streptococci: blood agar with optochin, bacitracin, and tellurite discs,
sheep blood agar for the CAMP test, and bile-aesculin agar.

For routine examinations, it is not necessary to incubate blood cultures
beyond 7 days. In some cases, incubation may be prolonged for an additional
7 days, e.g. if Brucella or other fastidious organisms are suspected, in cases of
endocarditis, or if the patient has received antimicrobials.

Blind subcultures and final processing

Some microorganisms may grow without producing turbidity or visible
alteration of the broth. Other organisms, e.g. pneumococci, tend to undergo
autolysis and die very rapidly. For this reason some laboratories perform
routine subcultures on chocolate agar after 18-24 hours of incubation. A blind
subculture may be made at the end of 7 days of incubation, by transferring
several drops of the well-mixed blood culture (using a sterile Pasteur pipette)
into a tube of thioglycollate broth, which in turn is incubated and observed
for 3 days.
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Antibiogram

When staphylococci or Gram-negative rods are suspected, precious time can
be saved by performing a direct, non-standardized antibiogram using the
positive broth as an inoculum. A sterile swab is dipped into the turbid broth,
excess fluid is expressed, and the swab is used to inoculate Mueller-Hinton
medium as in the standard method (see page 110). A provisional reading can
often be made after 6-8 hours of incubation. In 95% of cases the results
obtained with this method are in agreement with the standardized test.

Contaminants

Contamination of blood cultures can be avoided by meticulous skin prepara-
tion and by adherence to strict aseptic procedures for inoculation and subin-
oculation. However, even in ideal conditions, 3-5% of blood cultures grow
“contaminants” originating from the skin (S. epidermidis, P. acnes, Clostridium
spp., diphtheroids) or from the environment (Acinetobacter spp., Bacillus spp.).
Such organisms, however, may occasionally behave as pathogens and even
cause endocarditis. A true infection should be suspected in the following
situations:

— if the same organism grows in two bottles of the same blood specimen;

— if the same organism grows in cultures from more than one specimen;

— if growth is rapid (within 48 hours);

— if different isolates of one species show the same biotypes and antimicro-
bial-susceptibility profiles.

All culture results should be reported to the clinician, including the presumed
contaminants. However, for the latter no antibiogram need be performed and
appropriate mention should be made on the report slip, e.g. Propionibacterium
acnes (skin commensal), Staphylococcus epidermidis (probable contaminant). It
is to the advantage of all concerned to establish good communication between
physicians and laboratory personnel.

The identification of two or more agents may indicate polymicrobial bacte-
raemia, which can occur in debilitated patients, but may also be due to con-
tamination. “Anaerobic” bacteraemia is often caused by multiple pathogens;
for example, one or more anaerobes may be associated with one or more aer-
obes in severe fulminating bacteraemia associated with severe trauma or sur-
gery involving the large intestine.
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Cerebrospinal fluid

Introduction

The examination of cerebrospinal fluid (CSF) is an essential step in the
diagnosis of bacterial and fungal meningitis and CSF must always be consid-
ered as a priority specimen that requires prompt attention by the laboratory
staff.

Normal CSF is sterile and clear, and usually contains three leukocytes
or fewer per mm® and no erythrocytes. The chemical and cytological compo-
sition of CSF is modified by meningeal or cerebral inflammation, i.e. menin-
gitis or encephalitis. Only the microbiological examination of CSF will
be discussed here, although the CSF leukocyte count is also of paramount
importance.

The most common causal agents of meningitis are listed in Table 6 according
to the age of the patient, but it should be kept in mind that some overlap
exists.

Collection and transportation of specimens

Approximately 5-10ml of CSF should be collected in two sterile tubes by
lumbar or ventricular puncture performed by a physician. In view of the
danger of iatrogenic bacterial meningitis, thorough disinfection of the skin is
mandatory. Part of the CSF specimen will be used for cytological and chemi-
cal examination, and the remainder for the microbiological examination. The
specimen should be delivered to the laboratory at once, and processed imme-
diately, since cells disintegrate rapidly. Any delay may produce a cell count
that does not reflect the clinical situation of the patient.

Table 6. Common causes of bacterial and fungal meningitis

In neonates (from birth to 2 months)
Escherichia coli
Listeria monocytogenes
Other Enterobacteriaceae: Salmonella spp., Citrobacter spp.
Streptococcus agalactiae (group B)

In all other age groups
Haemophilus influenzae (capsular type b)?
Neisseria meningitidis
Streptococcus pneumoniae
Mycobacterium tuberculosis
Listeria monocytogenes®
Cryptococcus neoformans®
Staphylococci®

“Uncommon after the age of 5 years.
°In immunocompromised patients (including those with acquired immunodeficiency syndrome (AIDS)).
°Associated with neurosurgery and postoperative drains.
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Macroscopic inspection

The appearance of the CSF should be noted and recorded as: clear, hazy,
turbid, purulent, yellow (due to haemolysis or icterus), or blood-tinged, with
fibrin web or pellicle.

Microscopic examination

Preparation of specimen

If, on gross examination, the CSF is purulent (very cloudy), it can be exam-
ined immediately without centrifugation. In all other cases, the CSF should
be centrifuged in a sterile tube (preferably a 15-ml conical tube with screw-
cap) at 10000g for 5-10 minutes. Remove the supernatant using a sterile
Pasteur pipette fitted with a rubber bulb, and transfer it to another tube
for chemical and/or serological tests. Use the sediment for further micro-
biological tests.

Direct microscopy

Examine one drop of the sediment microscopically (x400), between a slide and
coverslip, for:

— leukocytes (polymorphonuclear neutrophils or lymphocytes)
— erythrocytes

— bacteria

— Yyeasts.

If the yeast-like fungus Cryptococcus neoformans is suspected, mix a loopful of
the sediment with a loopful of India ink on a slide, place a coverslip on top,
and examine microscopically for the typical, encapsulated, spherical, budding
yeast forms.

In areas where African trypanosomiasis occurs, it will also be necessary to
search carefully for actively motile, flagellated trypanosomes.

A rare and generally fatal type of meningitis is caused by free-living amoebae
found in water (Naegleria fowleri) which enter through the nose and penetrate
the central nervous system. They may be seen in the direct wet preparation
as active motile amoebae about the size of neutrophilic leukocytes.

Gram-stained smears

As the causative agent of bacterial meningitis may often be observed in a
Gram-stained smear, this examination is extremely important. Air-dry the
smear, fix with gentle heat, and stain it by Gram’s method. Examine at x1000
(oil-immersion) for at least 10 minutes, or until bacteria are found. Table 7 lists
important diagnostic findings that are associated with different forms of
meningitis.
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Table 7. Cerebrospinal fluid findings associated with meningitis

Observation Type of meningitis
Bacterial Tuberculous Fungal Viral
(“aseptic”)
Elevated leukocyte Segmented Mononuclear Mononuclear Mononuclear
count polymorphonuclear (young neutrophils)
neutrophils
Glucose Very low: Low: Low: Normal:
0.28-1.1mmol/l 1.1-2.2mmol/Il 1.1-2.2mmol/l 3.6-3.9mmol/I
Protein Elevated Elevated Elevated Slightly
elevated in
early stage of
infection
Stained smear Bacteria usually Rarely positive Usually positive Negative
seen (Gram) (acid-fast) (India ink)

Table 8. Choice of culture media for CSF specimens according to the results of

the Gram smear’

Observation Gram-negative rods Gram-positive cocci Gram-negative Gram-positive No organisms
cocci rods seen
In neonates In other In neonates In other ages
ages
Blood agar® + + + + with + + +
optochin disc
Blood agar with + + +
S. aureus streak®
Chocolate agar ) +) (+)
MacConkey agar + + + + + + +
Tryptic soy broth + + + + + + +

2+ = Use; (+) = optional use.
bIncubate in an atmosphere rich in CO, (candle jar).

Acid-fast stain (Ziehl-Neelsen)

Although its sensitivity is not high, examination of an acid-fast-stained prepa-
ration of the sediment or of the fibrin web is indicated when tuberculous menin-
gitis is suspected by the physician. Carefully examine the acid-fast-stained
preparation for at least 15 minutes. If the result is negative, the microscopic
investigation should be repeated on a fresh specimen on the following day.

Culture

If bacteria have been seen in the Gram-stained smear, the appropriate culture
media should be inoculated (Table 8). If no organisms have been seen, or if
the interpretation of the Gram smear is unclear, it is desirable to inoculate
a full range of media, including blood agar with a streak of Staphylococcus
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aureus to promote growth of H. influenzae. Blood agar and chocolate agar plates
should be incubated at 35°C in an atmosphere enriched with carbon dioxide.
All media should be incubated for 3 days, with daily inspections.

When tuberculous meningitis is suspected, at least three tubes of Lowenstein—
Jensen medium should be inoculated with a drop of the sediment and incu-
bated for 6 weeks. For the first 2-3 days the tubes should be incubated in a
horizontal position with the screw-cap loosened half a turn. Tubes should be
inspected for growth at weekly intervals. Smears from any suspicious growth
should be prepared, preferably in a bacteriological safety cabinet, air-dried,
heat-fixed, and stained by the Ziehl-Neelsen method. The presence of acid-
fast rods is consistent with the diagnosis of tuberculosis. All isolates should
be forwarded to a central laboratory for confirmation and for susceptibility
testing.

When Cryptococcus neoformans is suspected, either from the India ink prepa-
ration or on clinical grounds, the sediment should be inoculated on two tubes
of Sabouraud dextrose agar, and incubated at 35°C for up to 1 month. C.
neoformans also grows on the blood agar plate, which should be incubated
at 35°C for 1 week, if indicated.

Preliminary identification

Growth on MacConkey agar is suggestive of Enterobacteriaceae and should
be further identified using the methods and media recommended for enteric
pathogens.

Colonies of Gram-positive cocci with a narrow zone of B-haemolysis may be
S. agalactiae (group B streptococci). This should be confirmed with the reverse
CAMP test (page 101).

Flat colonies with a concave centre and a slight green zone of a-haemolysis
are probably S. pneumoniae. For confirmation, a 6-mm optochin disc should be
placed on a blood agar plate heavily inoculated with a pure culture of the sus-
pected strain. After overnight incubation, pneumococci will exhibit an inhi-
bition zone of 14 mm or more around the optochin disc. The best results are
obtained after incubation on sheep blood agar in a carbon-dioxide-enriched
atmosphere. If the reading of this test on the primary blood agar plate is incon-
clusive, the test should be repeated on a subculture.

Colonies of H. influenzae will grow only on chocolate agar, and as satellite
colonies in the vicinity of the staphylococcal streak on blood agar. Further
identification may be accomplished using H. influenzae type b antiserum in
the slide agglutination test.

Gram-negative diplococci growing on blood and chocolate agar, and giving a
rapidly positive oxidase test, may be considered to be meningococci. Confir-
mation is accomplished by grouping with appropriate N. meningitidis anti-
sera (A, B, C) in the slide agglutination test. A negative agglutination test does
not rule out meningococci as there are at least four additional serogroups. If
the agglutination test is negative, carbohydrate utilization tests should be per-
formed and the culture sent to a central reference laboratory. A preliminary
report should be given to the physician at each stage of identification (Gram-
stain, growth, agglutination, etc.), noting that a final report will follow.

Colonies of Gram-positive rods with a narrow zone of B-haemolysis on blood
agar may be Listeria monocytogenes. The following confirmatory tests are
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suggested: positive catalase reaction, motility in broth culture or in MIU,
growth and black discoloration on bile-aesculin agar.

Susceptibility testing

For Gram-negative rods and staphylococci, the standardized disc-diffusion
method (Kirby-Bauer) should be used.

No susceptibility testing is needed for Listeria monocytogenes, S. agalactiae or
N. meningitidis since resistance to ampicillin and benzylpenicillin is extremely
rare.

All strains of pneumococci should be tested on blood agar for susceptibility
to chloramphenicol and benzylpenicillin. For the latter, the oxacillin (1 pug) disc
is recommended (see page 66, “Lower respiratory tract infections”).

Strains of H. influenzae should be tested for susceptibility to chloramphenicol
using chocolate agar or a supplemented blood agar. Most ampicillin-resistant
strains produce B-lactamase that can be demonstrated using one of the rapid
tests recommended for the screening of potential B-lactamase-producing
strains of gonococci (page 79).
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Introduction

Urine is the specimen most frequently submitted for culture. It also presents
major problems in terms of proper specimen collection, transport, culture
techniques, and interpretation of results. As with any other specimen sub-
mitted to the laboratory, the more comprehensive the information provided
by the submitting physician the more able the laboratory is to provide the best
possible culture data.

The most common sites of urinary tract infection (UTI) are the urinary
bladder (cystitis) and the urethra. From these sites the infection may
ascend into the ureters (ureteritis) and subsequently involve the kidney
(pyelonephritis). Females are more prone to infection of the urinary tract
than are males and also present the greater problem in the proper collection
of specimens.

In both males and females, UTI may be asymptomatic, acute, or chronic.
Asymptomatic infection can be diagnosed by culture. Acute UTI is more fre-
quently seen in females of all ages; these patients are usually treated on an
outpatient basis and are rarely admitted to hospital. Chronic UTI in both
males and females of all ages is usually associated with an underlying disease
(e.g. pyelonephritis, prostatic disease, or congenital anomaly of the geni-
tourinary tract) and these patients are most often hospitalized. Asymptomatic,
acute, and chronic UTI are three distinct entities and the laboratory results
often require different interpretation.

Asymptomatic pyelonephritis in females may remain undetected for some
time, and is often only diagnosed by carefully performed quantitative urine
culture. Chronic prostatitis is common and difficult to cure, and is often
responsible for recurring UTIL. In most UTIL irrespective of type, enteric bac-
teria are the etiological agents, Escherichia coli being isolated far more fre-
quently than any other organism. In about 10% of patients with UTI, two
organisms may be present and both may contribute to the disease process.
The presence of three or more different organisms in a urine culture is strong
presumptive evidence of improper collection or handling of the urine speci-
men. However, multiple organisms are often seen in UTI in patients with
indwelling bladder catheters.

Specimen collection

The importance of the method of collection of urine specimens, their trans-
port to the laboratory, and the initial efforts by the laboratory to screen and
culture the urine cannot be overemphasized. It is the responsibility of the lab-
oratory to provide the physician with sterile, wide-mouthed, glass or plastic
jars, beakers, or other suitable receptacles. They should have tight-fitting
lids or be covered with aluminium foil prior to sterilization by dry heat or
autoclaving.

Urine specimens may have to be collected by a surgical procedure, e.g. supra-
pubic aspiration, cystoscopy, or catheterization. If not, the laboratory must
insist on a clean-catch midstream urine specimen, particularly in females and
children. Since urine itself is a good culture medium, all specimens should be
processed by the laboratory within 2 hours of collection, or be kept refriger-
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ated at 4°C until delivery to the laboratory and processed no longer than 18
hours after collection.

Whenever possible, urine specimens for culture should be collected in
the morning. It is advisable to ask the patient the night before to refrain from
urinating until the specimen is to be collected.

A female outpatient should:

1. Wash her hands thoroughly with soap and water and dry them with a
clean towel.

2. Spread the labia, and cleanse the vulva and labia thoroughly using sterile
cotton gauze pads and warm soapy water, wiping from front to rear. Dis-
infectants should not be used.

3. Rinse the vulva and labia thoroughly with warm water and dry with a
sterile gauze pad. During the entire process the patient should keep the
labia separated and should not touch the cleansed area with the fingers.

4. Pass a small amount of urine. The patient should collect most of the
remaining urine in a sterile container, closing the lid as soon as the urine
has been collected. This is a midstream urine specimen.

5. Hand the closed container to the nursing personnel for prompt delivery to
the laboratory.

A male outpatient should:

1. Wash his hands thoroughly with soap and water and dry them with a clean
towel.

2. Pull back the foreskin (if not circumcised) and wash the glans thor-
oughly using sterile cotton gauze pads and warm soapy water. Disinfec-
tants should not be used.

3. Rinse the glans thoroughly with warm water and dry with a sterile gauze
pad. During the entire procedure the patient should not touch the cleansed
area with the fingers.

4. Pull back the foreskin and pass a small amount of urine. Still holding back
the foreskin, the patient should pass most of the remaining urine into a
sterile container, closing the lid as soon as the urine has been collected.
This is a midstream urine specimen.

5. Hand the closed container to the nursing personnel for prompt delivery to
the laboratory.

For bedridden patients, the same procedure is followed, except that a nurse
must assist the patient or, if necessary, do the entire cleansing procedure before
requesting the patient to pass urine.

In both situations every effort must be made to collect a clean-catch urine spe-
cimen in a sterile container and to ensure that it is delivered promptly to the
laboratory together with information on the patient, the clinical diagnosis, and
the requested procedures.

Infants and children

Collection of a clean-catch urine specimen from infants and children who are
ill in bed or uncooperative can be a problem. Give the child water or other
liquid to drink. Clean the external genitalia. The child can be seated on the
lap of the mother, nurse, or ward attendant, who should then encourage the
child to urinate and collect as much urine as possible in a sterile container.
The container should then be covered and delivered to the laboratory for
immediate processing.
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Culture and interpretation

All urine specimens brought to the microbiology laboratory should be exam-
ined at once, or placed in a refrigerator at 4°C until they can be examined.
The examination procedure includes the following steps:

1. Examination of a Gram-stained smear.

2. A screening test for significant bacteriuria.

3. A definitive culture for urine specimens found to be positive in the screen-
ing test, and for all specimens obtained by cystoscopy, suprapubic bladder
puncture (SBP), or catheterization.

4. Susceptibility tests on clinically significant bacterial isolates.

Preparation and examination of a Gram-stained smear is a necessary part of
the laboratory process. Using a sterile Pasteur pipette (one for each sample),
place one drop of well-mixed, uncentrifuged urine on a slide. Allow the drop
to dry without spreading, heat-fix and stain. Examine under an oil-immersion
lens (x600 or more) for the presence or absence of bacteria, polymorpho-
nuclear leukocytes, and squamous epithelial cells.

One or more bacterial cells per oil-immersion field usually implies that
there are 10° or more bacteria per millilitre in the specimen. The presence of one
or more leukocytes per oil-immersion field is a further indication of UTIL
Non-infected urine samples will usually show few or no bacteria or leukocytes
in the entire preparation. In specimens from females, the presence of many
squamous epithelial cells, with or without a mixture of bacteria, is strong
presumptive evidence that the specimen is contaminated with vaginal flora
and a repeat specimen is necessary, regardless of the number of bacteria per
oil-immersion field. If results are required urgently, the report of the Gram-
stain findings should be sent to the physician with a note that the culture
report is to follow.

Screening method

The absence of leukocytes and bacteria in a Gram-stained smear of a clean-
catch urine sample prepared as described above is good evidence that the
urine is not infected. A urine specimen that is “negative” on careful exami-
nation of the Gram-stained smear does not need to be cultured. An alterna-
tive simple and effective screening test is the test strip for leukocyte
esterase/nitrate reduction. The strip is dipped into the urine specimen as
instructed in the package literature. Any pink colour is a positive reaction
indicating the presence of leukocyte esterase and/or bacteria in excess
of 10° per ml. Urine samples that are positive in the screening test should
be cultured as soon as possible to prevent possible overgrowth by non-
significant bacteria. If the strip does not develop a pink colour it is interpreted
as a negative screening test, is so reported, and no culture is indicated. The
test strip may not be sensitive enough to detect bacterial counts of less than
10° per ml of urine.

Quantitative culture and presumptive identification

Two techniques are recommended here for quantitative culture and
presumptive identification: the calibrated loop technique and the filter-paper
dip strip method.
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Calibrated loop technique

The recommended procedure uses a calibrated plastic or metal loop to trans-
fer 1l of urine to the culture medium (MacConkey agar with crystal violet
and non-selective blood agar).

1. Shake the urine gently, then tip it to a slant and with a 1-ul inoculating
loop touch the surface so that the urine is sucked up into the loop. Never
dip the loop into the urine.

2. Deposit 1l of the urine on a blood agar plate and streak half the plate by
making a straight line down the centre (1), followed by close passes at right
angles through the original (2), and ending with oblique streaks crossing
the two previous passes (3) (Fig. 3).

3. Inoculate the MacConkey agar in the same manner.

4. Incubate the plates overnight at 35°C.

Blood agar and MacConkey agar can also be replaced by another non-
selective medium (e.g. CLED' agar, purple lactose agar).

Filter-paper dip-strip method

The filter-paper dip-strip method of Leigh & Williams® is based on the absorp-
tion and subsequent transfer of a fixed amount of urine to a suitable plating
agar medium.

The strips can be locally prepared using a specific type of blotting-paper and
should measure 7.5cm long by 0.6cm wide (see Fig. 4). They are marked at
1.2cm from one end with a pencil. The filter-paper dip strip technique should
be compared with the calibrated loop technique before adopting the strips for

Fig. 3. Inoculation of bacteria on culture plates

WHO 0182

Fig. 4. Diagram of a dip strip

1.2 cm / 0.6 cm
6.3cm

WHO 81125

' CLED: Cystine-Lactose-Electrolyte Deficient.
2 |eigh DA & Williams JD. Method for the detection of significant bacteriuria in large groups of
patients. Journal of Clinical Pathology, 1964, 17: 498-503.
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Fig. 5. Dip-strip impressions on an agar plate, showing conver-
sion from number of colonies to number of bacteria per ml

Gram-negative organisms

No. of No. of
colonies/ml organisms/ml

>25 > 100 000
25 100 000
5-24 10 000—
N § 100 000
0.0 No. of
organisms/ml colonies/ml 0-4 <10 000
>100 000 >30
100 000 30
10 000- 10-29
100 000
< 10 000 0-9

Gram-positive organisms

WHO 91126

routine investigations. The strips are made in quantity, placed in a suitable
container and autoclaved. Sterile strips are commercially available. A sterile
strip is removed from the container for each urine sample to be tested. The
marked end is dipped as far as the mark into the thoroughly mixed urine
sample. The strip is withdrawn immediately and the excess urine is allowed
to be absorbed.

The area below the mark, which will bend over like the foot of an “L”, should
then be placed in contact with a plate of brolacin agar' or purple lactose agar
for 2-3 seconds. Several strips can be cultured on one plate by dividing the
undersurface of the plate into up to 16 rectangles (Fig. 5). Be sure to identify
each rectangular area with the number or name of the patient. Remove a
second strip from the container and repeat the procedure exactly, making a
second imprint identical to the first. Once the plate is completely inoculated
with duplicate impressions, it should be incubated at 35-37°C, and the
colonies resulting from each dip-strip imprint counted. With the help of
Fig. 5 it is possible to convert the average number of colonies for each pair of
dip-strips to the number of bacteria per ml of urine.

Immediately following the above procedure, inoculate half a plate of
MacConkey agar (with crystal violet) with the urine specimen using a sterile
loop. The inclusion of a blood agar facilitates the rapid identification of Gram-
positive cocci. Plates should be incubated at 35-37°C overnight, and exam-
ined on the following day for growth. Identification procedures may then be
initiated using well-separated colonies of similar appearance. If required, the
inoculum for performing the disc-diffusion susceptibility test (page 97) can be
prepared from either of these plates. In this way, the results of both identifi-
cation and susceptibility tests will be available on the next day.

Interpretation of quantitative urine culture results

For many years, only the presence of at least 10° colony-forming units (CFU)
per ml in a clean-catch midstream urine specimen was considered clinically

" Bromothymol-blue lactose cystine agar.
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relevant for a diagnosis of urinary tract infection. This assumption has been
challenged; some experts feel that 10* CFU or even fewer may indicate infec-
tion. Others believe that the presence of polymorphonuclear leukocytes plays
an important role in the pathology and clinical manifestations of UTI. It is not
possible to define precisely the minimum number of bacteria per millilitre of
urine that is definitely associated with UTIL General recommendations for
reporting are given below.

Category 1: fewer than 10* CFU per ml. Report as probable absence of UTL
(Exceptions: if fewer than 10* CFU per ml are present in urine
taken directly from the bladder by suprapubic puncture or
cystoscopy, in; symptomatic women, or in the presence of
leukocytura, report the identification and the result of the
susceptibility test.)

Category 2: 10*-10° CFU per ml. If the patient is asymptomatic, request a
second urine specimen and repeat the count. If the patient has
symptoms of UTI, proceed with both identification and
susceptibility tests if one or two different colony types of
bacteria are present. Bacterial counts in this range strongly
suggest UTI in symptomatic patients, or in the presence of
leukocyturia. If the count, the quality of the urine specimen, or
the significance of the patient’s symptoms is in doubt, a
second urine specimen should be obtained for retesting.
Report the number of CFU.

Category 3: More than 10° CFU per ml. Report the count to the physician
and proceed with identification and susceptibility tests if one
or two different colony types of bacteria are present. These
bacterial counts are strongly suggestive of UTI in all patients,
including asymptomatic females.

If more than two species of bacteria are present in urine samples in categories
2 and 3, report as “Probably contaminated; please submit a fresh, clean-catch
specimen”.

Identification

Identification should be performed as rapidly as possible. Since the vast
majority of urinary tract infections are caused by E. coli, a rapid test should
be used to identify red colonies from MacConkey agar.

B-Glucuronidase test for rapid identification
of E. coli’

This test determines the ability of an organism to produce the enzyme
B-glucuronidase. The enzyme hydrolyses the 4-nitrophenyl-B-p-
glucopyranosiduronic acid (PGUA) reagent to glucuronic acid and p-nitro-
phenol. The development of a yellow colour indicates a positive reaction.

' Kilian M, Borrow P. Rapid diagnosis of Enterobacteriaceae. 1. Detection of bacterial
glycosidases. Acta Pathologica et Microbiologica Scandinavica, Section B, 1976, 84:245-251.
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Procedure:

1.

Prepare a dense milky suspension of the organism to be tested in a small
tube containing 0.25ml of saline. The suspension should be prepared from
colonies growing on MacConkey agar.

Dissolve 300mg of 4-nitrophenyl-B-p-glucopyranosiduronic acid (PGUA)
and 100 mg of yeast extract (Oxoid L21)" in 20ml of phosphate buffer (Tris
buffer, pH 8.5). Adjust the pH to 8.5 = 0.1. Pour 0.25ml of the medium into
each of the required number of sterile tubes. Close the tubes with stoppers.
Label the tubes PGUA and indicate the date.

Inoculate one tube of the PGUA medium with a dense suspension of
the organism to be tested. Incubate the tube for 4 hours at 35°C. The devel-
opment of a yellow colour indicates the presence of B-glucuronidase (pos-
itive result); if no colour change occurs the result is negative. The presence
of a pigmented yellow colour indicates that the result is unreliable; in such
cases other tests must be used.

Quality control organisms:
Escherichia coli  positive (yellow) result
Shigella flexneri  negative (clear) result

PGUA tablets are commercially available.

Susceptibility tests

Susceptibility tests (page 97) should only be performed on well-isolated
colonies of similar appearance that are considered significant according to the
guidelines presented above. Susceptibility tests are generally more important
on cultures obtained from patients who are hospitalized or have a history of
recurring UTIL Cultures from patients a primary UTI may not require a sus-
ceptibility test.

" Available from Oxoid Ltd, Wade Road, Basingstoke, Hampshire, RG24 8PW, England.
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Introduction

Enteric bacterial infections, causing diarrhoea, dysentery, and enteric fevers,
are important health problems throughout the world. Diarrhoeal infections
are second only to cardiovascular diseases as a cause of death, and they are
the leading cause of childhood death. In developing countries, diarrhoeal; dis-
eases account for 1.5 million death each year among children aged 1-4 years.
The risk of children in this age group dying from diarrhoeal disease is 600
times greater in developing countries than in developed countries. In some
developing countries, children suffer ten or more episodes of diarrhoea a year.

Children are frequently infected with multiple pathogens and even children
without diarrhoea quite often carry potential pathogens in their stools. Obser-
vations in studies suggested that active immunization through repeated expo-
sure and prolonged breastfeeding may protect against the diarrhoeagenic
effect of these agents. They have also underlined the difficulties in determin-
ing the cause of an episode of diarrhoea by culture of a single stool specimen.

With the increasing prevalence of HIV/AIDS and immunosuppressive
chemotherapy, diarrhoea in immunocompromised patients has become a
growing challenge. Patients with HIV /AIDS either present with diarrhoea or
have diarrhoea in a later stage of the disease, and the infection is often life-
threatening and difficult to cure. The list of enteric bacterial infections identi-
fied in HIV/AIDS patients is long and includes Campylobacter, Salmonella,
Shigella, and mycobacteria. Salmonellosis has been estimated to be nearly 20
times as common and 5 times more often bacteraemic in patients with
HIV/AIDS than in those without the disease. In Zaire, 84% of patients with
diarrhoea of more than a month’s duration were found to be seropositive for
HIV, and 40% of patients with HIV/AIDS had persistent diarrhoea.

Etiological agents and clinical features

The genus Salmonella contains more than 2000 serotypes. Many of these
may infect both humans and domestic animals. In humans they cause gas-
troenteritis, typhoid fever, and bacteraemia with or without metastatic
disease. Salmonella gastroenteritis usually begins with nausea, vomiting,
abdominal colic and diarrhoea 8-48 hours after ingestion of the contaminated
food. The symptoms often persist for 3-5 days before resolving without
therapy. Antimicrobials will not hasten clinical recovery, and may lengthen
the convalescence and asymptomatic carrier state. Antimicrobial susceptibil-
ity testing and antimicrobial therapy are not recommended for uncomplicated
cases. Antimicrobial treatment is only indicated if the patient appears bacter-
aemic. Some patients may harbour Salmonella spp. in stool or urine for periods
of 1 year or longer but remain asymptomatic. Approximately 3% of patients
with typhoid fever and 0.2-0.6% of persons with non-typhoid Salmonella
gastroenteritis will have positive stool cultures for more than 1 year.

Shigella spp. cause a wide spectrum of clinical diseases, which vary from
asymptomatic infections to diarrhoea without fever to severe dysentery.
Symptoms consist of abdominal cramps, ineffectual and painful straining to
pass stool (tenesmus), and frequent, small-volume, bloodstained inflamma-
tory discharge. Shigella spp. are the main cause of bacillary dysentery followed
by enteroinvasive and enterohaemorrhagic E. coli. Many cases present as mild
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illnesses that require no specific treatment. However, for severe dysentery or
when secondary spread is likely, antimicrobial therapy after susceptibility
testing is indicated as resistance towards commonly used antimicrobials is
high in many countries. Four groups of Shigella organisms, with a total of 39
serotypes and subtypes, are recognized. Group A (S. dysenteriae), group B (S.
flexneri), and group C (S. boydii) contain multiple serotypes; there is only one
serotype for group D (S. sonnei). S. dysenteriae and S. flexneri are the most com-
monly isolated Shigella species in developing countries, while S. sonnei is the
most commonly isolated species in developed countries.

At least six different classes of diarrhoea-producing Escherichia coli have
been identified: enteropathogenic E. coli (EPEC), enterotoxigenic E. coli
(ETEC), enterohaemorrhagic or verotoxin-producing E. coli (EHEC or VTEC),
enteroinvasive E. coli (EIEC), enteroadhesive E. coli (EAEC), and entero-
aggregative E. coli (EAggEC). Four of them are common causes of diarrhoeal
disease in developing countries. However, identification of these strains
requires serological assays, toxicity assays in cell culture, pathogenicity
studies in animals and gene-probe techniques that are beyond the capacity of
intermediate-level clinical laboratories. It may be possible to have a pre-
sumptive identification of a VTEC strain, as the most frequent VTEC serotype
O157:H7 is characterized by being sorbitol-negative. However, E. fergusonii
and E. hermanii are also sorbitol-negative. A sorbitol-negative E. coli strain will
need additional identification by serotyping with E. coli O157 antiserum.
Demonstration of verotoxin production indicates that it is a VTEC strain.

Cholera is a typical example of a toxigenic infection. All the symptoms can be
attributed to the intestinal fluid loss caused by an enterotoxin released by
Vibrio cholerae in the intestine. The stool is voluminous and watery, and con-
tains no inflammatory cells. The main objective of treatment is fluid replace-
ment and antimicrobials have only a secondary role.

V. cholerae spreads very rapidly. It can be divided into several serotypes on
the basis of variation in the somatic O antigen, and serotype O1 exists in two
biological variants termed “classical” and “El Tor”. Until 1992, only V. cholerae
serogroup Ol (classical or El Tor) was known to produce epidemic cholera,
and other serogroups were thought to cause sporadic cholera and extrain-
testinal infections. However, in 1992 a large outbreak of cholera appeared on
the east coast of India and quickly spread to neighbouring countries. This epi-
demic was caused by a previously unrecognized serogroup of V. cholerae O139
Bengal. Isolation of V. cholerae O139 has so far been reported from 10 coun-
tries in south-east Asia but seems to be on the decline.

V. parahaemolyticus and several other species of Vibrio (V. fluvialis, V. hollisae,
V. mimicus) and Aeromonas (A. hydrophila, A. sobria, A. caviae) cause food poi-
soning or gastroenteritis in persons who eat raw or undercooked seafood.

Campylobacter jejuni and C. coli have emerged as major enteric pathogens that
can be isolated as often as Salmonella and Shigella spp. in most parts of the
world. Investigations in Africa and Asia have shown incidence rates of
between 19 and 38%, and asymptomatic carrier rates of between 9 and 40%,
in children. The intestinal disease varies from a brief, self-limiting enteritis to
a fulminant enterocolitis with severe diarrhoea, abdominal colic, fever, and
muscle pain. The stools are at first mucoid and liquid and may progress to
profuse watery diarrhoea containing blood and pus. Symptoms usually
subside within a week. Relapse occurs in about 25% of patients, but is gener-
ally milder than the initial episode. The infection is usually self-limiting
without antimicrobial therapy, and susceptibility testing is usually not
indicated.
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Arcobacter butzleri, formerly regarded as a low-temperature-growing Campy-
lobacter, has recently been recognized as a cause of diarrhoeal disease in
patients, mainly children, in developing countries.

Human infections with Yersinia enterocolitica have been reported mainly from
northern Europe, Japan and the United States of America. The majority of iso-
lates have been identified from children with sporadic diarrhoea.

Clostridium difficile is the primary cause of enteric disease related to antimi-
crobial therapy. It produces a broad spectrum of diseases ranging from mild
diarrhoea to potentially fatal pseudomembranous colitis. Observation of
colonic pseudomembranes by colonoscopy is diagnostic for pseudomembra-
nous colitis, in which case laboratory confirmation is unnecessary. Several
commercial tests are available for the laboratory, including culture, latex
agglutination for detection of a cell-associated protein, ELISA assay for cyto-
toxin and/or enterotoxin, and cell culture toxicity assay for cytotoxin. Many
hospital patients harbour the organism in the stool in the absence of symp-
toms, particularly if they are receiving broad-spectrum antimicrobials. There-
fore, a culture without demonstration of toxin production has little diagnostic
value.

Rotavirus is the only non-bacterial agent to be discussed here. Other viruses
are important causes of diarrhoea but rotavirus is common everywhere in the
world with similar rates in both developed and developing countries. Most
infections occur in children between 6 and 18 months, with a higher preva-
lence during the cooler months of the year. The diagnosis is made either with
an enzyme immunoassay (ELISA) or more simply and practically with a latex
agglutination assay. Reagents for both assays are commercially available but
are expensive.

Appropriate use of laboratory resources

The laboratory associated with a busy hospital or clinic in a developing
country can quickly become overwhelmed with specimens. Cultures are not
required for effective management of the majority of cases of diarrhoea and
dysentery and patients will require only rehydration and not antimicrobials.
A few patients (e.g. those with typhoid fever) will need the results of a culture
for appropriate treatment. The problem of how best to utilize scarce resources
is a constant concern.

Often, the public health aspects are the most important, and the laboratory
must be able to provide data that describe the common enteric pathogens in
the district and the antimicrobial susceptibility patterns of these pathogens,
and investigate an epidemy. Clinicians must work closely with the laboratory.
A procedure that allows the laboratory to develop a valid database is the
collection of specimens from a random systematic sample of patients with
diarrhoea at the hospital or clinic. By testing only a proportion of these, the
number of specimens is reduced and a more complete investigation can be
made on each specimen. If the sample is a systematic one (e.g. every twenty-
fifth patient), then the results can be used to estimate the infection in the entire
population of patients. If a typical clinical syndrome is observed in a partic-
ular age group, or during a particular season, the laboratory can focus its sam-
pling on these specific problems.

The laboratory may decide to test for only certain enteric pathogens. Yersinia
enterocolitica is evidently rare in most tropical areas. If the organism does not
occur in the area served by the laboratory, testing for it can be omitted. When
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the laboratory provides a report, it should specify which organisms were
investigated. If Salmonella and Shigella species were the only pathogens ruled
out, the report should not state “No pathogens found”. Rather, it should state
“Salmonella and Shigella species not found”.

Collection and transport of stool specimens

Faecal specimens should be collected in the early stages of the diarrhoeal
disease, when pathogens are present in the highest number, and preferably
before antimicrobial treatment is started, if appropriate. The specimen should
be collected in the morning to reach the laboratory before noon, so that it can
be processed the same day. Formed stools should be rejected. Ideally, a fresh
stool specimen is preferred to a rectal swab, but a rectal swab is acceptable if
the collection cannot be made immediately or when transportation of the stool
to the laboratory is delayed.

Procedure for collecting stool samples

Provide the patient with two small wooden sticks and a suitable container
with a leakproof lid (e.g. a clean glass cup, a plastic or waxed-cardboard box,
or a special container with a spoon attached to the lid). The use of penicillin
bottles, matchboxes and banana leaves should be discouraged as they expose
the laboratory staff to the risk of infection.

Instruct the patient to collect the stool specimen on a piece of toilet tissue or
old newspaper and to transfer it to the container, using the two sticks.

The specimen should contain at least 5g of faeces and, if present, those parts
that contain blood, mucus or pus. It should not be contaminated with urine.
Once the specimen has been placed in the specimen container, the lid should
be sealed.

The patient should be asked to deliver the specimen to the clinic immediately
after collection. If it is not possible for the specimen to be delivered to the lab-
oratory within 2 hours of its collection, a small amount of the faecal specimen
(together with mucus, blood and epithelial threads, if present) should be col-
lected on two or three swabs and placed in a container with transport medium
(Cary-Blair, Stuart or Amies) or 33mmol/1 of glycerol-phosphate buffer. For
cholera and other Vibrio spp., alkaline peptone water is an excellent transport
(and enrichment) medium. Pathogens may survive in such media for up to 1
week, even at room temperature, although refrigeration is preferable.

Procedure for collecting rectal swabs

1. Moisten a cotton-tipped swab with sterile water. Insert the swab through
the rectal sphincter, rotate, and withdraw. Examine the swab for faecal
staining and repeat the procedure until sufficient staining is evident. The
number of swabs to be collected will depend on the number and types of
investigation required.

2. Place the swab in an empty sterile tube with a cotton plug or screw-cap, if
it is to be processed within 1-2 hours. If the swab must be kept for longer
than 2 hours, place it in transport medium.
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Visual examination of stool specimens

1. Examine the stool sample visually and record the following:
— its consistency (formed, unformed (soft) or liquid)
— its colour (white, yellow, brown or black)
— the presence of any abnormal components (e.g. mucus or blood).

2. Place a small fleck of the stool specimen or rectal swab together with a
small flake of mucus (if present) in a drop of 0.05% methylene blue solu-
tion on a clean slide and mix thoroughly.

3. Place a coverslip on the stained suspension, avoiding the formation of air
bubbles. Wait 2-3 minutes to. Examine the slide under the microscope
using the high-power objective (x100).

4. Record cells that can be clearly identified as mononuclear or polymor-
phonuclear; ignore degenerated cells.

Examination of the cellular exudate of diarrhoeal stools may give an indi-
cation of the organism involved:

— clumps of polymorphonuclear leukocytes (>50 cells per high-power
field), macrophages and erythrocytes are typical of shigellosis;

— smaller numbers of polymorphonuclear leukocytes (<20 cells per high-
power field) are found in salmonellosis, and invasive E. coli. In amoebic
dysentery the cells are mostly degenerated (ghost cells). Leukocytes
and erythrocytes are also found in about half the cases of diarrhoea due
to Campylobacter spp.;

— few leukocytes (2-5 cells per high-power field) are present in cases
of cholera, enterotoxigenic and enteropathogenic E. coli, and viral
diarrhoea.

Enrichment and inoculation of stool specimens

Enrichment is commonly used for the isolation of Salmonella spp. and Vibrio
cholerae from faecal specimens. Selenite F or tetrathionate broths are recom-
mended for the enrichment of Salmonella spp., and alkaline peptone water
(APW) for the enrichment of V. cholerae. Enrichment is not required for Shigella
spp., Campylobacter spp., Yersinia enterocolitica and Clostridium difficile.

Procedure for inoculation of enrichment media

1. Prepare a faecal suspension by suspending approximately 1g of the stool
sample in a tube containing 1ml of sterile saline. If the stool sample is
liquid, saline does not need to be added. Rectal swabs received fresh or in
Cary-Blair medium should be rinsed thoroughly in 1ml of saline. Before
removing the swab, press it against the side of the tube to express any
remaining fluid.

2. Add three or more loopfuls of faecal suspension to the enrichment broth.

3. Incubate selenite F broth for 18 hours and APW for 6-8 hours. In some lab-
oratories two or three loopfuls of suspension the initial APW are subcul-
tured in from fresh APW and incubated for another 6-8 hours.

4. Subculture colonies by streaking a loopful of broth on selective and non-
selective plating media.

a1



STOOL I ———

V. cholerae grows quickly in APW and will outgrow other organisms in 6-8
hours. However, after 8 hours other organisms may overgrow the V. cholerae.
Non-O1 V. cholerae grows more quickly than V. cholerae O1 and may overgrow
the latter when both organisms are present.

Media for enteric pathogens

For Shigella spp., Salmonella spp. and Y. enterocolitica a general-purpose plating
medium of low selectivity and a medium of moderate or high selectivity are
recommended. MacConkey agar with crystal violet is recommended as a
general purpose medium. For Y. enterocolitica incubate the MacConkey agar
at 35°C for 1 day and then at room temperature (22-29 °C) for another day.

Xylose-lysine—deoxycholate (XLD) agar is recommended as a medium of
moderate or high selectivity for the isolation of Shigella and Salmonella spp.
Deoxycholate citrate agar (DCA), Hektoen enteric agar (HEA) or Salmo-
nella—Shigella (SS) agar are suitable alternatives. Shigella dysenteriae type 1, S.
sonnei and enteroinvasive E. coli do not grow well on SS agar. However, SS
agar may be used for isolating Y. enterocolitica when incubated as described
for MacConkey agar. Many laboratories include bismuth sulfite agar for iso-
lating Salmonella typhi and other species of Salmonella.

For Campylobacter spp. there are several selective media (Blaser, Butzler,
Skirrow) containing different antimicrobial supplements. However, a blood
agar base with 5-10% sheep blood containing a combination of a cefalosporin
(15ug/ml), vancomycin (10ug/ml), amphotericin B (2ug/ml) and 0.05%
ferrows sulfate-sodium metabisulfite-sodium pyruvate (FBP) is acceptable.

For Vibrio spp. a selective medium is necessary although many strains may
grow on MacConkey agar. Thiosulfate citrate bile salts sucrose (TCBS) agar is
selective for V. cholerae O1 and non-O1 and for V. parahaemolyticus, but it is
expensive. Telluride taurocholate gelatine (TTG) agar is another selective
medium, but it is not commercially available. Alkaline meat extract agar
(MEA) and alkaline bile salt agar (BSA) are inexpensive simple media that can
be locally prepared and give excellent results.

Clostridium difficile was difficult to isolate before the development of
cefoxitin-cycloserine—fructose agar (CCFA). Formulations using an egg-yolk
agar base are preferally used as C. difficile is negative for both lecithinase and
lipase, while other clostridia commonly found in the gut, such as C. perfrin-
gens, C. bifermentans and C. sordelli are lecithinase-positive.

Primary isolation

The specimen should be examined and cultured as soon as it is delivered
to the laboratory, as this gives the highest isolation rate of Shigella
and Campylobacter spp. If this is not possible, the specimen should be stored
at 4°C.

A concentrated inoculum of faeces should be used with high selectivity media
and a light inoculum of faeces with low selectivity media. In many laborato-
ries, the plates are inoculated directly with the rectal swabs, but care should
be taken not to make an inoculation that is overloaded.
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Procedure for inoculation of primary isolation media

1.

Inoculate media of high selectivity with three loopfuls and those of low
selectivity with one loopful of the faecal suspension. Place the inoculum
in the middle of the agar plate and streak it up and down and across the
plate as shown in Fig. 6. This procedure will maximize the number of iso-
lated colonies. Discrete colonies will be found in the peripheral portion of
the plate.

After inoculation, incubate the agar plates. Incubate the plates for the iso-
lation of Salmonella, Shigella and Yersinia spp. and V. cholerae at 35°C in an
aerobic incubator (without CO,), the plates for Campylobacter spp. at 42°C
in an microaerophilic atmosphere with 10% CO,, and the plates for
Clostridium difficile at 35°C in an anaerobic atmosphere.

Incubation atmosphere for Campylobacter

Plates for the isolation of Campylobacter spp. should be incubated at 4243 °C
in a microaerophilic atmosphere containing 5% O,, 10% CO, and 85% N,.
The growth of the normal faecal flora is inhibited at this temperature while
the thermotolerant Campylobacter species are unaffected. However, if non-
thermotolerant species are being investigated, the temperature of incubation
should be lowered to 35-37°C.

An atmosphere suitable for the growth of Campylobacter spp. may be pro-
duced in several ways. The method of choice will depend on the size and
workload of the laboratory, and the relative cost.

A candle-jar provides an atmosphere of approximately 17-19% O, and
2-3% CO,. This atmosphere is not ideal for the growth of Campylobacter
spp., and some strains will not grow in it. However, several investigators
have demonstrated that incubation at 42°C on a culture medium supple-
mented with FBP will improve the isolation rate. The FBP supplement
enhances the oxygen tolerance of Campylobacter spp. by inactivating super-

Fig. 6. Inoculation of bacteria on culture plates

WHO 01.83
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oxides and hydrogen peroxide. Disadvantages of this system are a longer
incubation period and inhibition of some oxygen-sensitive Campylobacter
spp.

* Another simple and inexpensive system uses a co-culture technique. Plates
with rapidly growing facultative anaerobic bacteria are incubated with the
plates for the isolation of Campylobacter spp. in an airtight container or a
plastic bag. As the facultative anaerobic bacteria grow, the oxygen con-
tent is lowered and the CO, content is increased. The disadvantage of this
system is the longer incubation time usually required for growth of the
Campylobacter spp.

* A hydrogen and CO,-generator envelope with a self-contained catalyst
specifically for the isolation of Campylobacter spp. is commercially avail-
able. The envelope is placed in an anaerobic jar, and a new envelope must
be used each time the jar is opened. No more than six plates should be
stacked in the jar to obtain maximum isolation.

* A plastic bag incubation system is also commercially available. It consists
of a plastic bag, which is collapsed two or three times by hand or vacuum,
and refilled each time, with 5% O,, 10% CO, and 85% N.,.

* The evacuation-replacement system uses an anaerobic jar without a cata-
lyst. The container is evacuated twice to 38cm (15mmHg) pressure and
refilled each time with 10% H, and 90% N, mixture.

Preliminary identification of isolates

Identification involves both biochemical and serological tests, the extent of
which will depend on the capacity of the laboratory. Flow charts for guidance
in identification of important enteric bacteria are presented in Figs 7a—c.

Identify well-separated colonies of typical appearance on the primary plates
by making a mark on the bottom of the Petri dish. These will be transferred
for further testing. If more than one type of colony is present, process at least
one colony of each type.

Lactose-nonfermenting bacteria, such as Salmonella and Shigella spp., give rise
to small colourless colonies on MacConkey agar, SS agar, and DCA. Colonies
of Proteus spp. may be confused with Salmonella and Shigella spp., especially
on MacConkey agar and DCA, because of their lactose-negative appearance.
Lactose-fermenting organisms, such as E. coli and Enterobacter /Klebsiella spp.,
produce pink to red colonies on MacConkey agar, DCA and SS agar. On XLD
agar, Shigella and Salmonella spp. produce small red colonies, most strains of
Salmonella with a black centre. Some strains of Proteus spp. will also give black-
centred colonies on XLD agar. On bismuth sulfite agar, Salmonella typhi pro-
duces black colonies with a metallic sheen, if the colonies are well separated.
Yersinia enterocolitica grows on MacConkey and SS agars as small, pale colour-
less colonies that grow most rapidly at 22-29°C.

Salmonella and Shigella spp.

Three differential media are recommended for initial screening of isolates of
Salmonella and Shigella spp.:

— urea broth, weakly buffered (UREA)
— motility-indole-lysine medium (MIL)
— Kiligler’s iron agar (KIA).
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Fig. 7a. Flow diagram for the preliminary identification of common Enterobacteriaceae
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Procedure for inoculation and reading of UREA

1. Using an inoculating loop, collect 2-3 non-lactose-fermenting colonies
from the primary plates and transfer to tube containing UREA.

2. Incubate the tubes for 2—4 hours at 35 °C and observe for a change in colour
to pink (urease-positive). Discard the urease-positive tubes.

3. Subculture growth from the urease-negative tubes to MIL and to KIA (see
below), and incubate all tubes, including the urease-negative tube con-
taining UREA, overnight at 35°C in an aerobic incubator.

Procedure for inoculation and reading of MIL
and KIA

1. Inoculate the MIL by inserting a straight inoculating needle to 2mm above
the bottom of the tube. Withdraw the needle along the same line.

2. Inoculate the KIA by stabbing the agar butt with a straight inoculating
needle and streaking the slant in a zigzag.

3. Label all tubes with the number of the laboratory and incubate overnight
at 35°C.

4. Examine the tube of Urease-negative UREA (see above) for delayed urease
reaction. Discard the delayed urease-positive cultures.

5. Examine the MIL medium for motility, lysine and indole reaction. Motile
organisms will spread out into the medium from the line of inoculation
and produce diffuse growth. Non-motile organisms will grow only along
the line of inoculation. A positive lysine reaction is indicated by an alka-
line reaction (purple colour) at the bottom of the medium, and a negative
reaction by an acid reaction (yellow colour) at the bottom of the medium
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Fig. 7b. Flow diagram for the preliminary identification of anaerobic Gram-positive rods
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(caused by fermentation of glucose). To test for indole production, add 3—4
drops of Kovacs reagent to the medium. A red to pink colour indicates the
presence of indole and the persistence of the bright yellow layer indicates
a negative test.

Examine the KIA medium. All Enterobacteriaceae ferment glucose, pro-
ducing acid and gas or acid only, which gives a yellow slant. If gas is pro-
duced, bubbles or cracks are seen throughout the medium; the medium
may even be pushed up in the tube if a large amount of gas is produced
(e.g. in the case of Enterobacter spp.). If lactose is simultaneously fermented,
both the agar butt and the slant become acid, i.e. yellow (e.g. in the case
of E. coli). If lactose is not fermented (e.g. in the case of Shigella and Sal-
monella spp.), the agar butt is yellow but the slant becomes alkaline, i.e.
red. Blackening along the stab line or throughout the medium indicates
the production of hydrogen sulfide. Record the result and make a provi-
sional identification of the organism with the help of Tables 10 and 11.

Salmonella strains are oxidase-negative, motile, and indole-negative. They do
not hydrolyse urea and—except for S. paratyphi A—are lysine-decarboxylase-
positive. On KIA agar they produce an alkaline slant, acid butt, H,S, and gas,
except for S. typhi, which is anaerogenic, and most strains of S. paratyphi A,
which are H,S-negative. If these criteria are satisfied, report: “Salmonella iso-
lated (provisional identification)”.

Shigella strains are oxidase-negative, non-motile, lysine-decarboxylase-
negative, and urea is not hydrolysed. On KIA they produce an alkaline slant
and acid butt, no H,S, and no gas, except for S. flexneri serotype 6 (Newcastle
and Manchester varieties) and S. boydii serotype 14, which are aerogenic.
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Fig. 7c. Flow diagram for the preliminary identification of anaerobic Gram-negative rods

Good growth on
bile-aesculin agar

| i

+
Kanamycin (Km) and v
vancomycin (Vm) Kanamycin (Km) and
sensitivity pattern vancomycin sensitivity (Vm) pattern

/ ‘

Km-resistant
Vm-sensitive

Porphyromonas

\

Km-resistant Km-sensitive Km-resistant Km-resistant
Vm-resistant Vm-resistant Vm-resistant Vm-resistant
Prevotelia - Bacteroides fragilis ~ Fusobacterium
) Colonies group mortiferum/varium
pigmented or red fluorescent group
¥ | _
Prevotella
Urease
+ -
v v
Catalase
g . Fusobacterium nucleatum l
wﬂéove%%ia Bacte/r/q/des E necrophorum L Colony, very tiny, transparent ]
Ureolylicus  other Fusobacterium species I
+ -
v v
Bile-resistant Fusobacterium
+ _ species
Campylobacter
+ _ species
Bilophila Suterella

wadsworthia ~ wadsworthensis

WHO 01.50

Catalase is produced except for S. dysenteriae serotype 1, which is catalase-
negative. If these criteria are fulfilled, report: “Shigella isolated (provisional
identification)”.

Yersinia enterocolitica

Growth of small, pale or colourless colonies on MacConkey or SS agar after
overnight incubation could be Yersinia enterocolitica. Inoculate typical colonies
into KIA and incubate at 25°C overnight. Also inoculate suspected colonies
into two UREA and two MIL media, incubate 1 tube of each at 25°C and the
others at 35°C. On KIA, typical Y. enterocolitica strains will produce acid butt,
alkaline slant, with no gas or H,S. If the strain is motile and urease-positive
at 25°C and non-motile and weakly urease-positive or urease-negative at
35°C, report: “Yersinia isolated (provisional identification)”.

Vibrio cholerae and V. parahaemolyticus

Vibrio strains grow as pale, non-lactose-fermenting colonies on MacConkey
agar. On TCBS agar V. cholerae grows as medium-sized convex, smooth,
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Table 9. Colony morphology of common enteric bacteria on differential and
selective plating media

Species MacConkey XLD agar SS agar DCA HEA
agar with
crystal violet
Escherichia coli  Pink to rose Large, flat, Pink to red, Pink, encircled Large, salmon-
yellow, inhibited, by zone of pink to orange,
opaque growth precipitate encircled by zone
of precipitate

Shigella spp. Colourless Red Colourless Colourless to tan Green, moist and

raised

Salmonella spp.  Colourless Red, with or Colourless, with  Colourless to tan, Blue-green, with

without or without with or without or without black
black centre black centre black centre centre

Enterobacter/ Pink, mucoid Yellow, mucoid Pink, inhibited Large, pale mucoid Large, salmon-
Klebsiella. growth with pink centre orange
spp.

Proteus/ Colourless, Red, some Colourless, with  Large, colourless Blue-green or
Providencia inhibited, Proteus spp. or without to tan, with or salmon, with or
spp. swarming have black grey-black without black without black

centre centre centre centre

Yersinia Colourless Yellow, irregular  Colourless Colourless Salmon
enterocolitica

Enterococci No growth No growth to No growth No growth to No growth to slight

slight growth

slight growth

growth

XLD: Xylose-Lysine-Deoxycholate; DCA: Deoxycholate-citrate; SS: Salmonella-Shigella; HEA: Hektoen enteric

on Kligler’s iron agar (KIA)

Table 10. Interpretation of Enterobacteriaceae reactions

Reaction

Interpretation

Acid butt (yellow) and alkaline slant (red) Only glucose fermented

Acid throughout medium (butt and slant Glucose and lactose fermented

yellow)

Alkaline throughout medium (butt and
slant red)

Neither glucose nor lactose fermented

Gas bubbles in butt or cracks in the
medium

Gas-producing bacteria

Blackening in the butt Hydrogen sulfide (H,S) produced

yellow colonies, whereas V. parahaemolyticus grows as large, flat, blue-
green colonies. Some strains of V. cholerae may also appear green or colour-
less on TCBS because of delayed sucrose fermentation. On TTGA, colonies
develop dark centres because of telluride reduction and are surrounded
by cloudy zones due to gelatinase activity. On BSA and MEA, V. cholerae
colonies are translucent, usually with a flat surface and clear-cut margin;
they are easily differentiated from colonies of Enterobacteriaceae under
oblique light illumination or when examined against the day light at an
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Table 11. Typical reaction patterns of Enterobacteriaceae

on Kligler’s iron agar (KIA)

Reaction Sugar(s) fermented Bacteria species
Butt acid Glucose: acid and gas Escherichia coli
Slant acid Lactose: acid and gas Klebsiella

Gas in butt Enterobacter

No H,S Citrobacter diversus

Serratia liquefaciens

Butt acid Glucose: acid and gas Salmonella
Slant alkaline Lactose: not fermented Proteus
Gas in butt Citrobacter freundii*

H>S produced

Butt acid Glucose: acid only Shigella

Slant alkaline Lactose: not fermented Yersinia

No gas in butt Serratia marcescens™
No H.S Providencia stuartii

Providencia rettgeri*

Butt acid Glucose: acid and gas Salmonella paratyphi A
Slant alkaline Lactose: not fermented Hafnia alvei

Gas in butt Serratia marcescens™
No H,S Morganella morgani
Butt neutral/alkaline No sugars fermented Alcaligenes

Slant alkaline Pseudomonas

No gas Acinetobacter

No H,S

*Atypical reactions.

oblique angle. Suspect colonies should be screened with oxidase and the
string test.

Procedure for oxidase test

1.

2.

Place 2-3 drops of the oxidase reagent (1% tetramethyl-para-
phenylenediamine) on a piece of filter paper in a Petri dish.

Pick up a small amount of fresh growth from the MacConkey agar with a
platinum (not Nichrome) loop or a clean wooden stick or toothpick. Smear
the growth across the moistened part of the filter paper.

A positive reaction is indicated by the appearance of a dark purple colour
on the paper within 10 seconds. Among the Gram-negative rods Vibrio,
Aeromonas, Plesiomonas, Pseudomonas, and Alcaligenes are oxidase-positive;
all Enterobacteriaceae are oxidase-negative. The oxidase reagent should be
tested regularly with positive and negative control strains.

Procedure for string test

1.

2.

Place a drop of 0.5% aqueous solution of sodium deoxycholate on a slide
and mix a small amount of growth from the MacConkey agar into the drop.
A positive reaction is indicated by the suspension within 60 seconds: it
looses its turbidity and becomes mucoid; a “mucoid string” can be drawn
when the loop is slowly lifted away from the drop. A few strains of
Aeromonas may show a weak and delayed string at about 60 seconds.
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If these tests are positive, transfer a part of a colony to KIA and, after overnight
incubation, observe for a yellow butt, alkaline slant, and no gas or H,S
production. If this is confirmed, report: “Vibrio cholerae isolated (provisional
identification)”.

Campylobacter jejuni and Campylobacter coli

Examine the Campylobacter plates after 48-72 hours of incubation. Suspect
colonies should be screened with three presumptive tests: oxidase test, wet
mount preparation under dark-field or phase-contrast microscope, and Gram-
stain. If a dark-field or phase-contrast microscope is not available, colonies
may be rapidly screened for typical cell morphology by staining with Gram'’s
crystal-violet solution. For the Gram stain 0.3% carbol fuchsin is recom-
mended as counterstain. Campylobacter species are oxidase-positive, they are
motile with a darting, tumbling motility, and they appear as simple curved or
spiral-shaped rods (seagull wings or “S”-shape). If this is confirmed, report:
“Campylobacter isolated (provisional identification)”.

Clostridium difficile

The C. difficile colonies on CCFA are large, yellow and ground glass in appear-
ance. On anaerobic blood agar the colony morphology varies and other fea-
tures should be looked for to detect the organism. Typically, colonies are grey,
opaque and non-haemolytic at 24-48 hours, but a few strains may be green-
ish blue due to o-type haemolysis. After 48-72 hours of incubation, colonies
may develop a distinctly light grey to white centre. With experience, C. diffi-
cile is easily recognized despite the colonial variability, thanks to its charac-
teristic odour, which resembles that of horse or elephant manure. If the
colonies are lecithinase- and lipase-negative and show yellow-green fluores-
cence when illuminated with Wood'’s lamp, report: “Clostridium difficile iso-
lated (provisional identification)”.

Final microbiological identification

Before the final report is made, the cultures should always be checked for pure
growth, and the identification should be confirmed with additional biochemi-
cal tests.

1. Pick a suspect colony well-separated from other colonies on the plate and
subculture it in nutrient broth for biochemical tests, to an agar slope for
serological tests, and plate it on MacConkey agar to confirm the purity of
the culture.

2. Make additional biochemical tests according to the tables. Examine the
reactions after overnight incubation and identify the isolate.

Identification of Shigella and Salmonella may sometimes pose a problem,
because some strains vary in their biochemical reactions and may even share
antigens with other Gram-negative organisms. Non-motile, lactose-negative,
anaerogenic strains of E. coli are notoriously difficult to differentiate from
Shigella, and identification may be further complicated by the fact that some
of these strains may cause bacillary dysentery.
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Salmonella

If the results of the preliminary tests are consistent with a Salmonella strain,
inoculate ornithine decarboxylase, Simmons citrate, ONPG media, and
peptone water enriched with mannitol, thamnose, trehalose, or xylose.
Examine the reactions after overnight incubation and identify the isolate
according to Table 12. If the results agree with the culture of Salmonella,
proceed with the serological identification.

Shigella

If the results of the preliminary tests are consistent with a Shigella strain, inocu-
late ornithine decarboxylase, phenylalanine deaminase and ONPG media,
and sucrose and xylose peptone water. Examine the reactions after overnight
incubation and identify the isolate according to Table 13. If the results agree
with the culture of Shigella, proceed with the serological identification.

Shigella contains four species, S. dysenteriae, S. flexneri, S. boydii, and S. sonnei.
These are often referred to as subgroups A, B, C, and D, respectively. Some
serotypes may provisionally be identified by biochemical reactions and
divided into biotypes.

Table 12. Biochemical reactions of Salmonella biotypes and other bacteria

Swarming H,S KIA Indole Lysine Ornithine Citrate ONPG Urease Mannitol Trehalose Rhamnose Xylose

Salmonella - - - + + + - - + + + +
(most
serotypes)
S. choleraesuis - d - + + d - - + - + +
S. arizonae - + - + + + + - + + + +
S. typhi - +w - + - - - - + + - +
S. paratyphi A - d- - - + - - - + + + -
Edwardsiella - + + + + - - — — _ _ _
tarda
Citrobacter - + - - - + + d + + + +
freundlii
Proteus spp. + + —/+ - +/— v - + + — +

Abbreviations: +: >95% positive; d: 26-74% positive; d—: 5-25% positive; —: <5% positive; v: variable result; w: weak reactions. H,S/KIA: hydrogen
sulfide production in Kligler’s iron agar; Lysine: lysine decarboxylase; Ornithine: ornithine decarboxylase; Citrate: Simmons citrate agar; ONPG:
B-galactosidase.

Table 13. Biochemical reactions of Shigella biotypes and other bacteria

Oxidase Motility Indole Lysine Urease VP Citrate Ornithine Phenylalanine ONPG Sucrose Xylose

Shigella sonnei - - - - - - - + - d+ - -
Shigella, other species - - d - - - - - - — _ _
E. coli, inactive strains - - d+ d - - - d- - d d- d
Providencia - + + - v - + - + d- d -
Morganella - d+ + - + - - + d+ d- - -
Hafnia alvei - + - + - d+ d- + - + d— +
Serratia marcescens - + - + d- + + + - + + -
Salmonella paratyphi A - + - - - - - + - — — _
Plesiomonas shigelloides + + + + - - - + - + _ _

Abbreviations: +: >95% positive; d+: 75-95% positive; d: 26-74% positive; d—: 5-25% positive; — <5% positive. Lysine: lysine decarboxylase; VP:
Voges-Proskauer; Citrate: Simmons citrate agar; Ornithine: ornithine decarboxylase; Phenylalanine: phenylalanine deaminase; ONPG: B-galactosidase.
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Table 14. Biochemical reactions of Shigella species and serotypes

Ornithine Fermentation: Fermentation: Catalase Glucose
decarboxylase lactose/sucrose mannitol gas

Shigella dysenteriae

Serotype 1 (shigae) - - - — _

Serotype 2 (schmitzii) - - - + _

Serotypes 3-10 - - - + _
Shigella flexneri

Serotype 1-5, X and Y - - + + _

Serotype 6 Newcastle - - _ + +

Serotype 6 Manchester - - + + +

Serotype 6 Boyd 88 - - + + _
Shigella boydii

Serotype 1-13, 15 - - - — _

Serotype 14 - - - — +
Shigella sonnei + +(delayed) + + _

S. dysenteriae (subgroup A) contains 10 serotypes. Serotype 1 is catalase-
negative and produces Shiga toxin. The other serotypes are catalase-positive.
Most strains do not ferment mannitol and lactose.

S. flexneri (subgroup B) contains 8 serotypes. Most strains ferment mannitol
but not sucrose or lactose. The Newcastle strain of serotype 6 does not ferment
mannitol, but produces gas from glucose; the Manchester strain produces acid
and gas from glucose and mannitol; the Boyd 88 strain produces acid but no
gas from glucose and mannitol.

S. boydii (subgroup C) contains 15 serotypes. Mannitol is fermented, but
lactose is not fermented.

S. sonnei (subgroup D) contains one serotype with two “phases”: I and II.
Mannitol is fermented. ONPG is positive, but fermentation of lactose and
sucrose is delayed until after 24 hours. (See Table 14.)

Yersinia enterocolitica

If the results of the preliminary tests are consistent with a Yersinia strain, inocu-
late ornithine decarboxylase, Voges—Proskauer, ONPG, Simmons citrate
agar, and peptone water enriched with sucrose, rhamnose, mellibiose, sorbitol
or cellobiose. Examine the reactions after overnight incubation and identify
the isolate according to Table 15. If the results agree with the culture of Y. ente-
rocolitica, report: “Yersinia enterocolitica”.

Vibrio cholerae

If the results of the preliminary tests are consistent with a Vibrio strain, inocu-
late ornithine decarboxylase, Simmons citrate agar, and sucrose peptone
water, and incubate overnight. If one of these reactions is negative, test for
aesculin hydrolysis, Voges—Proskauer, and fermentation of mannitol, arabi-
nose and arbutin. Examine the reactions after overnight incubation and iden-
tify the isolate according to Table 16.
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Table 15. Biochemical reactions of Yersinia enterocolitica and other non-pathogenic

Yersinia species

MIL Urease  Ornithine VP 25°C  Citrate = Sucrose Rhamnose Mellibiose  Sorbitol Cellobiose
Y. enterocolitica +/v/— + + v - Y, - — 4 +
Y. frederiksenii +/+/~ + + + d + + - + +
Y. intermedia +/+/— + + + + + + + + +
Y. kristensenii +/d/~ + + - - - - - + +
Y. pseudotuberculosis  +/-/- + - - - - + + — _

Abbreviations: +: >95% positive; d: 26-74% positive; —: <56% positive; v: variable result; MIL: motility-indole-lysine medium; VP 25 °C: Voges-Proskauer
agar at 25 °C incubation; Citrate: Simmons citrate agar.

*except biotype 5.

Table 16. Biochemical reactions of vibrios found in stool

Oxidase KIA MIL  Ornithine Citrate Sucrose Mannitol Arabinose Aesculin Comments
butt/slant

Vibrio cholerae + K/A +H+/+ + + + + - -
V. mimicus + v/A +/+/+ + + - + - -
V. parahaemolyticus + K/A +H+/+ + - - + d+ -
V. fluvialis + K/A +/d/- - + + + + -
V. furnissii + K/AG +/—/— - + + + + -
V. hollisae + K/A +/+/— - - - - + - Poor grower
Aeromonas hydrophila + A/AG +H+/+ - d + + + + Arb +/VP +
A. caviae + A/A +/+/— - + + + + d Arb —/VP —
A. veronii biotype sobria + A/AG ++/+ - + + + - - Arb —/VP +
Plesiomonas shigelloides + K/A +H+/+ + - - - - + Arb —/VP —

Abbreviations: +: >95% positive; d+: 75-95% positive; d: 26-74% positive; —: <6% positive; KIA: Kligler’s iron agar; MIL: motility-indole-lysine medium;
Ornithine: ornithine decarboxylase; Aesculin: aesculin hydrolysis; K: alkaline; A: acid; G: gas; Arb: arbutin fermentation; VP: Voges—Proskauer.

Table 17. Differentiation of biotypes of Vibrio cholerae

Biotype
Classical El Tor
Haemagglutination Negative reaction, no growth*  Positive reaction, growth*
Polymyxin B (50 units)  Sensitive Resistant
Voges—Proskauer Negative reaction, no growth*  Positive reaction, growth*
Haemolysis Negative reaction, no growth  Variable

*Aberrant reactions may occur.

If a specific anti-Vibrio cholerae serogroup O1 serum is available, make a rapid
slide agglutination test. In case of macroscopic agglutination report: “Vibrio
cholerae O1”. If the antiserum is not available or if the identification is uncer-
tain, send the isolate to a reference laboratory.

Differentiation of V. cholerae O1 into classical and El Tor biotypes is not nec-
essary for treatment or control, but for some of the isolates it should be done
by one of the following tests (Table 17).

The indirect haemagaglutination test

1. Prepare a 2.5% suspension of chicken or sheep red blood cells by repeated
centrifugation and dilution in saline.
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2. Divide a clean glass slide into several squares with a pencil and place a
loopful (3mm) of the red cell suspension in each square.

3. Place a small portion of the growth from an agar or KIA slant in each red
cell suspension and mix well.

Clumping of the red cells occurs within 30-60 seconds with strains of the El
Tor biotype. Known haemagglutinating (El Tor) and non-haemagglutinating
strains should be used as controls for each new suspension of red cells. Newly
isolated strains of classical biotypes are usually negative in the test, but old
laboratory strains of the classical biotype may not always be negative in this
reaction.

Polymyxin B susceptibility test

1. Spread a loopful of overnight peptone water culture of the isolate on a
Mueller-Hinton or meat-extract agar.

2. Place a susceptibility disk containing 50 units of polymyxin B in the middle
of the culture.

3. Place the plate in the refrigerator for 1 hour.

4. Incubate the plate overnight at 35°C.

Known strains of classical and El Tor biotypes should always be included as
controls. Classical strains are sensitive to polymyxin B and a clear inhibitory
zone is observed around the disk. The El Tor strains are resistant and no
inhibitory zone is formed.

Campylobacter jejuni and Campylobacter coli

Only a few tests are available in clinical laboratories to identify the Campy-
lobacter species and subspecies. Campylobacter species are usually divided into
two groups on the basis of growth temperature: thermotolerant species, which
grow at 42-43°C, and non-thermotolerant species, which grow at 15-25°C.

The thermotolerant species are Campylobacter jejuni subsp. jejuni, C. coli, C. lari,
C. upsaliensis, and some strains of C. hyointestinalis. C. lari and C. hyointesti-
nalis are resistant to nalidixic acid; C. jejuni, C. coli and C. upsaliensis are sen-
sitive to it. C. jejuni subsp. jejuni, C. coli and C. lari are resistant to cefalotin;
C. hyointestinalis and C. upsaliensis are sensitive to it. The differentiation within
these groups is made on the basis of hippurate hydrolysis and the production
of hydrogen sulfide in Kligler’s iron agar.

The non-thermotolerant species are C. jejuni subsp. doylei, C. fetus, and
Arcobacter butzleri. C. jejuni subsp. doylei will grow at neither 15°C nor at
25°C; C. fetus will grow at 25°C but not at 15°C; A. butzleri will grow at both
temperatures. A. butzleri is resistant to cefalotin; C. jejuni subsp. doylei and C.
fetus are sensitive to it (Table 18).

Serological identification
Salmonella

The nomenclature and classification of the salmonellae have changed several
times and are still under discussion. According to present nomenclature, all
Salmonella species belong to a single genus which is subdivided in six sub-
groups (also called subspecies), including the former genus Arizona. Subgroup
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Table 18. Biochemical indentification of Campylobacter species found in stool

Growth at H,S/KIA Hippurate Nitrate Susceptible to

hydrolysis® reduction Nalidixic acid® Cefalotin®

15°C 25°C 42°C

Campylobacter jejuni -
subsp. jejuni

C. jejuni subsp. doylei -
C. coli -
C. lari -
C. upsaliensis -
C. fetus subsp. fetus -
C. hyointestinalis -
Arcobacter butzleri® +

w
py)

- + - + +

[
+ + +

|

|
+ o+ 4+ + 4+ +
<TITOIOO®
TONOII®N

+ + +
<
+
|

Abbreviations: +: >95% positive; d+: 75-95% positive; d: 26-74% positive; d—: 5-25% positive; —: <56% positive; v: variable result; S: susceptible; R:

resistant. H,S/KIA: Kligler’s iron agar.

2Only deep purple colour is considered positive.

30 g nalidixic acid disk.
°30 ug cefalotin disk.

9Catalase-negative or catalase weakly positive; Kligler’s iron agar.

1 corresponds to the typical salmonellae and includes among others: Salmo-
nella typhi, S. paratyphi A, S. enteritidis, S. typhimurium, S. choleraesuis. This sub-
group contains more than 2000 serotypes, which can be differentiated by their
antigenic formula (O, H and Vi antigens). Serotypes in subgroup 1 continue
to be named as if they were real species: Salmonella subgroup 1 serotype
typhimurium is simply called S. typhimurium. More than 99% of human sal-
monella isolates belong to subgroup 1.

The important antigens for serotyping Salmonella species are the somatic, or
O, antigens and the flagellar, or H, antigens. O antigens are present in both
motile and nonmotile organisms and are resistant to boiling; H antigens are
present only in motile organisms and are sensitive to boiling. The majority of
the Salmonella species are diphasic in the motile state and may exhibit two
antigenic forms referred to as phases 1 and 2. These phases share the same O
antigens but possess different H antigens. To identify the serotype it is neces-
sary to identify the specific H antigens in both phases. These may not always
be evident, and phase suppression may be necessary to confirm the latent
phase.

O antigens are designated by Arabic numerals. Phase 1 H antigens are desig-
nated by small Roman letters and phase 2 H antigens by Arabic numerals. For
example, the antigenic formula for S. typhimurium is 1,4,[5],12:i:1,2, where O
antigens are 1, 4, 5 and 12; phase 1 of the H antigen is “i” and phase 2 anti-
gens are 1 and 2. A bracket indicates that the antigen may be absent, and an
underlined antigen indicates that the antigen is associated with lysogenic con-
version by a bacteriophage. This change in antigenic structure is only present
when the bacteriophage is present and may be the only difference between

certain serotypes.

The Salmonella species have been placed in groups according to the presence
of certain O antigens. These groups are often referred to as the Kauff-
mann-White scheme. Capital Roman letters designate the O group. In the
original scheme the groups were A, B, C, D and E; these were subsequently
expanded to A-Z with 4 subgroups in C, 3in D, 4 in E and 2 in G. The O
groups are defined by the presence of certain O antigens as follows:
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Group: A B* C C, D E F
Antigen: 2 45 67 68 9 3710 11

There are other variations in the antigenic structure: the change in colony
appearance from smooth to rough, and the presence or absence of Vi antigen.
When present the Vi antigen prevents agglutination by homologous O anti-
serum. The Vi antigen is usually found in fresh isolates and is lost rapidly on
storage of the culture. The Vi antigen is important for the identification of S.
typhi, which often is not agglutinated by heterologous H antisera.

Procedure for somatic O antigen analysis
Direct slide agglutination test

1. Bring the saline and the reagents to room temperature before performing
the test.

2. Place a drop of saline on a clean microscope slide.

3. With a sterile loop, emulsify a small portion of the growth from a moist
agar slope in the drop of saline to produce a uniform and turbid
suspension.

4. Examine the bacterial suspensions through a hand-lens or the low-power
objective (x10) of a microscope to ascertain that the suspension is not auto-
agglutinable in saline.

5. With a 10-pl loop take up 1 drop of Salmonella polyvalent O antiserum (A-I
and Vi), and place it on the slide just beside the bacterial suspension.

6. Mix the antiserum and bacterial suspension and tilt the slide backwards
and forwards for 1 minute. Look for clumping while viewing the suspen-
sion under good light. Distinct clumping during this period is a positive
result.

7. If the result is positive, repeat the slide test with single-factor antiserum.

Some Salmonella possess an envelope (Vi) antigen and, in the live or unheated
form, are non-agglutinable with group C1 (0:6,7) or group D (O:9) antisera.
Heat the suspension in boiling water for 20 minutes to remove the Vi antigen,
cool, separate the bacteria by centrifugation, re-suspend in fresh saline, and
test with the same antisera.

Procedure for H antigen analysis

A preliminary identification of the major flagellar (H) antigen can be made by
the direct slide agglutination test as described for the somatic O antigens.
Occasionally it is necessary to increase the motility of the test organism by
making several consecutive transfers in a semi-solid nutrient medium
(“swarm agar”, see below). Antisera against those antigens are commercially
available. However, a phase suppression is often required if identification of
both flagellar phases is necessary for classification. This often requires a phase
inversion with sera designed for this purpose.'

1. Prepare a semi-solid nutrient medium containing 0.2-0.4% agar. Add 1ml
of the medium to test-tubes.

2. Replace the corks from the test-tubes with cotton wool.

3. Melt the agar in boiling water and place the test-tubes with the melted
agar in a 45°C water-bath for 30 minutes.

2 All Salmonellae of subgroup B contain antigen 4, but only some contain antigen 5.
" Available from Statens Serum Institut, 5 Artillerivej, 2300 Copenhagen S, Denmark.
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4. Write the specimen number and the H antisera (H:b, H:i, and H:1,2) on
each test-tube. Include a control test-tube.

5. Add 10ul of each phase inversion heterologous H antiserum to the
corresponding agar, shake the test-tube carefully, and leave the agar to
solidify as a slope.

6. Make a heavy suspension of isolated colonies in saline, streak the slope
using a loop, and incubate overnight.

7. With an inoculating loop emulsify a speck of the culture from the slope
in a drop of saline.

8. With a 10-pl loop, take up 1 drop of one of the heterologous H antisera
and place it on the slide just beside the bacterial suspension.

9. Mix the antiserum and bacterial suspension and tilt the slide backwards
and forwards for 1 minute. Look for clumping while viewing the
suspension under a good light. Distinct clumping during this period is a
positive result.

10. Repeat the agglutination test with the other heterologous antisera if
required, and identify the serotype with the help of the flow diagram on
page 57.

Salmonella typhi

To confirm the biochemical identification, test in antisera Vi, O group D (O:D),
and H:d. Cultures agglutinating in Vi may be negative in O:D due to obstruc-
tion by the Vi antigen. Remove the Vi antigen by heating the suspension for
20 minutes at 100°C and test in O:D antiserum again. If positive in Vi, O:D
and H:d, report: “Salmonella typhi”. If positive only in O:D, report: “Salmonella,
group D”.

Salmonella paratyphi A

To confirm the biochemical identification, test with Salmonella group A anti-
serum. If positive with group A antiserum, test with H:a antiserum, and if
positive, report: “Salmonella paratyphi A”. If negative with H:a, report:
“Salmonella group A”. If non-motile, they may be S. flexneri type 6 or S. boydii
type 13 or 14, and should be tested with Shigella antisera B and D.

Salmonella, other serotypes

When the presumptive tests indicate typical Salmonella, test with Salmonella O
groups A, B, C, D, and E antisera.

* If positive in group B, test with flagellar antiserum H:b, H:i and H:1,2. If
positive with H:b antiserum, the organism may be S. wien or S. paratyphi
B. S. wien can be differentiated from S. paratyphi B by testing with H:1,w
and H:2 antisera (if available). S. wien reacts with H:1,w and S. paratyphi B
with H:2.

o If positive with H:i or H:1,2 antiserum, make a phase inversion and
test with heterologous H antiserum. If positive, report: “S. typhimurium”.
If negative, report: “Salmonella, group B”.

* If positive with group C antiserum, report: “Salmonella group C”.

* If positive with group D antiserum, test with Vi, H:d and H:m antisera. If
positive with Vi or H:d, report: “Salmonella typhi”. If positive with H:m,
report: “Salmonella enteritidis”. If negative with Vi, H:d and H:m, report:
“Salmonella group D”.

* If biochemically the strain is a Salmonella but is negative with all O-group
antisera, report: “Presumptive Salmonella species” and refer to National
Reference Centre.
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Shigella

Shigella can be subdivided into serogroups and serotypes by slide and tube
agglutination tests with specific O-antisera. Slide agglutination will usually
be sufficient, if the results are clear-cut. The antigen suspension should be
made from a non-selective medium such as a nutrient agar or KIA, and the
suspension should be observed for auto-agglutination before the antiserum is
added.

Tests with Shigella groups A, B, C, and D antisera

e [If agglutination occurs with group A, report: “Shigella dysenteriae”.
Test with S. dysenteriae type 1 antiserum. If positive, report: “S. dysenteriae
type 1”.

e [f agglutination occurs with group B, report: “Shigella flexneri”.

e [f agglutination occurs with group C, report: “Shigella boydii”.

e [f agglutination occurs with group D, report: “Shigella sonnei”.

Occasionally Shigella strains may fail to agglutinate in homologous antiserum
due to the presence of a K antigen. Heating a saline suspension of the strain
in a boiling water-bath for 20 minutes and repeating the test may reverse this.

Other Gram-negative organisms may share antigens with Shigella strains and
give false-positive agglutination with Shigella typing sera. Well-known exam-
ples of bacteria showing this cross-reaction are Plesiomonas shigelloides and
Shigella sonnei phase 1, and certain strains of Hafnia and Shigella flexneri
serotype 4a; but of greater importance is the cross-reaction with some strains
of diarrhoeagenic E. coli.

Yersinia enterocolitica

Y. enterocolitica possesses several somatic (O) antigens, which have been used
for subdividing the species into at least 17 serogroups. Most human infections
in Canada, Europe, and Japan are due to serotype O3; Infections due to
serotype O9 have been reported mainly from the Scandinavian countries, and
infections with serotype O8 are almost exclusively from the USA. There is
serological cross-reaction between Y. enterocolitica O9 and Brucella spp.
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Upper respiratory tract infections

Introduction

The upper respiratory tract extends from the larynx to the nostrils and com-
prises the oropharynx and the nasopharynx together with the communicat-
ing cavities, the sinuses and the middle ear. The upper respiratory tract can
be the site of several types of infection:

— pharyngitis, sometimes involving tonsillitis, and giving rise to a “sore
throat”

— nasopharyngitis

— otitis media

— sinusitis

— epiglottitis.

Of all those infections, pharyngitis is by far the most frequent; in addition, the
untreated infection may have serious sequelae. Only pharyngitis will be con-
sidered here.

Most cases of pharyngitis have a viral etiology and follow a self-limiting
course. However, approximately 20% are caused by bacteria and usually
require treatment with appropriate antibiotics. As the physician is rarely able
to make a distinction between viral and bacterial pharyngitis on clinical
grounds alone, treatment should ideally be based on the result of bacterio-
logical examination.

Bacteriological diagnosis of pharyngitis is complicated by the fact that the
oropharynx contains a heavy, mixed, normal flora of aerobic and anaerobic
bacteria. The normal flora generally outnumbers the pathogens and the role
of the bacteriologist is to distinguish between the commensals and the
pathogens. Where possible only the latter should be reported to the physician.

Normal flora of the pharynx

The normal flora of the pharynx includes a large number of species that
should be neither fully identified nor reported when observed in throat
cultures:

¢ viridans (o-haemolytic) streptococci and pneumococci

¢ nonpathogenic Neisseria spp.

Moraxella (formerly Branhamella) catarrhalis (this can also be a respiratory
pathogen)

staphylococci (S. aureus, S. epidermidis)

diphtheroids (with the exception of C. diphtheriae)

Haemophilus spp.

yeasts (Candida spp.) in limited quantity

various strictly anaerobic Gram-positive cocci and Gram-negative rods,
spirochaetes and filamentous forms.

The throats of elderly, immunodeficient, or malnourished patients, particu-
larly when they have received antibiotics, may be colonized by Enterobacte-
riaceae (Escherichia coli, Klebsiella spp., etc.) and by the nonfermentative
Gram-negative groups (Acinetobacter spp. and Pseudomonas spp.). Such
patients may also have in their pharynx a proliferation of S. aureus or of
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Candida spp., or other yeast-like fungi. Although these microorganisms do not
cause pharyngitis, except in association with granulocytopenia, it is advisable
to report such isolates to the clinician, as they occasionally indicate the exis-
tence of (or may sometimes give rise to) a lower respiratory tract infection
(e.g. pneumonia) or bacteraemia. However, an antibiogram should not be per-
formed routinely on these colonizing microorganisms.

Bacterial agents of pharyngitis

Streptococcus pyogenes (Lancefield group A) is by far the most frequent cause
of bacterial pharyngitis and tonsillitis. This infection is particularly prevalent
in young children (5-12 years). When streptococcal pharyngitis is associated
with a characteristic skin rash, the patient is said to have scarlet fever. In
infants, a streptococcal throat infection may often involve the nasopharynx
and be accompanied by a purulent nasal discharge.

Non-group-A, B-haemolytic streptococci (e.g. groups B, C and G) are uncom-
mon causes of bacterial pharyngitis and if detected should be reported. Pha-
ryngeal infections due to S. pyogenes, if not properly treated, may give rise to
sequelae such as rheumatic fever, and, less often, glomerulonephritis. Specific
identification of, and antibacterial treatment directed against, S. pyogenes are
primarily intended to prevent the occurrence of rheumatic fever.

Corynebacterium diphtheriae is the cause of diphtheria, a disease that is endemic
in many countries. It can reach epidemic proportions in countries where the
vaccination programme has been interrupted. Characteristically (with a few
exceptions), C. diphtheriae causes a typical form of infection, characterized by
a greyish-white membrane at the site of infection (pharynx, tonsils, nose, or
larynx). Diphtheria is a serious disease and the diagnosis is made on the basis
of clinical findings. The physician would then generally make a specific
request to culture for diphtheria bacilli.

Gonococcal pharyngitis has been recognized with increasing frequency in
some countries, with rates that parallel the incidence of cervical and urethral
gonorrhoea. Culture of throat swabs for gonococci should be done on specific
request from the clinician, using the appropriate selective medium (modified
Thayer—-Martin medium).

Necrotizing ulcerative pharyngitis (Vincent angina) is a rare condition char-
acterized by a necrotic ulceration of the pharynx with or without formation
of a pseudomembrane. It is associated, at the site of infection, with a heavy
mixed flora of strict anaerobes dominated by Gram-negative fusiform rods
and spirochaetes, generally referred to as Fusobacterium spp. and Treponema
vincentii, and possibly others. Although both species belong to the normal
mouth flora, their presence in large numbers in a Gram-stained smear of ulcer-
ated lesions should be reported as a “fusospirochaetal complex”. This micro-
scopic diagnosis need not be confirmed by anaerobic culture, which is difficult
and time-consuming. However, the presence of this complex does not exclude
the need to search for other pathogens, particularly S. pyogenes.

Although small numbers of C. albicans or other Candida species may be part
of the normal oral flora, oral candidiasis results when the number of organ-
isms increases considerably in certain pathological conditions, e.g. in mal-
nourished premature babies, in immunodeficient adults (e.g. patients with
HIV/AIDS), or in patients who have received broad-spectrum antimicrobials
or cancer therapy. The affected area—tongue, tonsils, throat or buccal mucosa
—may be extremely red, or covered with white patches or a confluent grey-
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white membrane (thrush). The diagnosis of candidiasis is best made by
finding numerous yeast cells, some of them forming long mycelium-like fila-
ments, in a Gram-stained smear of the exudate.

Swabs from the upper respiratory tract may be submitted to the laboratory,
not for the diagnosis of a clinical infection, but to detect a potential pathogen
in a healthy subject, a pharyngeal or a nasal “carrier”. This should only be
done as part of well-defined epidemiological surveys. The following
pathogens can give rise to a carrier state in the upper respiratory tract:

» Staphylococcus aureus. Sampling of patients and staff for nasal carriers is
sometimes performed as part of an investigation of hospital outbreaks of
Meticillin-resistant S. aureus (MRSA).

* Neisseria meningitidis. Carriage of meningococci may be very prevalent
(20% or more) even at non-epidemic times. Identification of pharyngeal
carriers of meningococci is rarely needed, and need not be performed prior
to the administration of prophylactic antibiotics to family or other close
contacts of patients with meningococcal disease.

o Streptococcus pyogenes. Carriage of this organism in low numbers may be
prevalent, especially among schoolchildren (20-30%).

o Corynebacterium diphtheriae. The carrier rate of the diphtheria bacillus is
high in non-vaccinated populations. In such communities, it may be justi-
fied to identify and treat carriers among the close contacts of a patient with
proven diphtheria. Carriers are rare when an immunization programme is
correctly implemented.

Collection and dispatch of specimens

Ideally, specimens should be collected by a physician or other trained per-
sonnel. The patient should sit facing a light source. While the tongue is kept
down with a tongue depressor, a sterile cotton-wool swab is rubbed vigor-
ously over each tonsil, over the back wall of the pharynx, and over any other
inflamed area. Care should be taken not to touch the tongue or buccal sur-
faces. It is preferable to take two swabs from the same areas. One can be used
to prepare a smear, while the other is placed into a glass or plastic container
and sent to the laboratory. Alternatively, both swabs may be placed in the con-
tainer and dispatched to the laboratory. If the specimen cannot be processed
within 4 hours, the swab should be placed in a transport medium (e.g. Amies
or Stuart).

Direct microscopy

The fusospirochaetal complex of necrotizing ulcerative pharyngitis (Vincent
angina) and Candida are best recognized on a Gram-stained smear, which
should be prepared if the physician makes a special request. The Gram-
stained smear is not useful for the detection of streptococci or Neisseria spp.
Moreover, the direct smear has poor sensitivity and specificity for the detec-
tion of the diphtheria bacillus, unless the specimen has been collected with
care and is examined by an experienced microbiologist. In the absence of a
physician’s request or of clinical information, a Gram-stained smear should
not be made for throat swabs.
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Culture and identification
Culture for Streptococcus pyogenes

Immediately upon receipt in the laboratory, the swab should be rubbed over
one-quarter of a blood agar plate, and the rest of the plate streaked with a
sterile wire loop. The blood agar should be prepared from a basal agar
medium without glucose (or with a low glucose content), e.g. tryptic soy agar
(TSA). Acidification of glucose by S. pyogenes inhibits the production of
haemolysin. Blood from any species, even human blood (fresh donor blood),
can be used at a concentration of 5%. The plates should be filled to a depth
of 4-5mm. Sheep blood is preferred because it does indicate haemolysis of
some commensal Haemophilus spp. and it gives no haemolysis with the zymo-
genes variant of Enterococcus faecalis.

The recognition of B-haemolytic colonies can be improved, and their pre-
sumptive identification hastened, by placing a co-trimoxazole disc (as used
for the susceptibility test) and a special low-concentration bacitracin disc over
the initial streaked area. Because S. pyogenes is resistant and many other bac-
teria are susceptible to co-trimoxazole, this disc improves the visibility of
B-haemolysis. Incubation in a candle-jar will detect most -haemolytic strep-
tococci. A simple way to increase haemolysis is to stab the agar surface per-
pendicularly by inserting the loop deep into the medium to encourage growth
of subsurface colonies. After 18 hours and again after 48 hours of incubation
at 35-37°C, the blood plates should be examined for the presence of small
(0.5-2mm) colonies surrounded by a relatively wide zone of clear haemoly-
sis. After Gram-staining to verify that they are Gram-positive cocci, the
colonies should be submitted to specific identification tests for S. pyogenes. For
clinical purposes, presumptive identification of S. pyogenes is based on its sus-
ceptibility to a low concentration of bacitracin. For this purpose, a special dif-
ferential disc is used containing 0.02-0.05 IU of bacitracin. The ordinary discs
used in the susceptibility test, with a content of 10 units, are not suitable for
identification. A B-haemolytic streptococcus showing any zone of inhibition
around the disc should be reported as S. pyogenes. If the haemolytic colonies
are sufficiently numerous, the presence or absence of an inhibition zone may
be read directly from the primary blood agar plate. If the colonies are less
numerous, one or two should be picked from the primary plate, streaked on
one-fifth of another plate to obtain confluent growth, and each inoculated area
covered with a bacitracin disc. After overnight incubation, the subcultures
should be read for inhibition zones.

In some laboratories this presumptive identification is confirmed by serolog-
ical demonstration of the specific cell wall polysaccharides. This can be done
either by the classical precipitin method, or more rapidly by using a com-
mercial kit for the rapid slide coagglutination or latex agglutination tests. If
desirable, bacitracin-resistant B-haemolytic streptococci can be further identi-
fied using some simple physiological tests (see Table 19). Minute colonies of
B-haemolytic streptococci may be encountered, which, when grown and sero-
logically grouped, react with group A antiserum. These streptococci are not
considered to be S. pyogenes and are not associated with the serious infections
caused by group A streptococci.

In reporting the presence of S. pyogenes in a throat culture, a semiquantitative
answer should be given (rare, +, + +, or + + +). Patients with streptococcal
pharyngitis generally show massive growth of S. pyogenes, with colonies over
the entire surface of the plate. Plates of carriers generally show fewer than 20
colonies per plate. Even rare colonies of B-haemolytic streptococci should be
confirmed and reported.
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Table 19. Differentiation of B-haemolytic streptococci

Species

S. pyogenes S. agalactiae E. faecalis Others
var. zymogenes®

Lancefield group

A B D C,G,F

Haemolysis
Zone around the differential
bacitracin disc
Bile—aesculin agar
(growth & blackening)
Reverse CAMP test
Co-trimoxazole® susceptibility
PYR test’

+ O O o
o o + O
+ oo +
o + OO

°E. faecalis var. zymogenes produces B-haemolysis only on horse-blood agar.

5% are non-haemolytic.
°5% are positive.
910% are positve.

°Same disc as in the Kirby—Bauer method.

'PYR: pyrrolidonyl-B-naphtylamide.

Culture for Corynebacterium diphtheriae

Although the diphtheria bacillus grows well on ordinary blood agar, growth
is improved by inoculating one or two special media:

o Liffler coagulated serum or Dorset egg medium. Although not selective, both
of these media give abundant growth of the diphtheria bacillus after
overnight incubation. Moreover, the cellular morphology of the bacilli is
more “typical”: irregularly stained, short to long, slightly curved rods,
showing metachromatic granules, and arranged in a V form or in parallel
palisades. Metachromatic granules are more apparent after staining with
methylene blue or Albert stain than with the Gram stain.

o A selective tellurite blood agar. This medium facilitates isolation when the
bacilli are few in number, as is the case for healthy carriers. On this
medium, colonies of the diphtheria bacillus are greyish to black and are
fully developed only after 48 hours. Suspicious colonies, consisting of
bacilli with a coryneform morphology on the Gram-stained smear, should
be subcultured to a blood agar plate to check for purity and for “typical”
morphology. It should also be remembered that colonies of the mitis
biotype of C. diphtheriae, which is the most prevalent, show a marked zone
of B-haemolysis on blood agar.

A presumptive report on the presence of C. diphtheriae can often be given at
this stage. However, this should be confirmed or ruled out by some simple
biochemical tests and by demonstration of the toxigenicity. As the latter
requires inoculation of guinea-pigs or an in vitro toxigenic test (Elek) and has
to be performed in a central laboratory, only rapid biochemical identification
will be covered here. C. diphtheriae is catalase- and nitrate-positive. Urea is not
hydrolysed. Acid without gas is produced from glucose and maltose, gener-
ally not from saccharose. The fermentation of glucose can be tested on Kligler
medium. Urease activity can be demonstrated on MIU and nitrate reduction
in nitrate broth in the same way as for Enterobacteriaceae. For the fermenta-
tion of maltose and saccharose, Andrade peptone water can be used as a base
with a 1% final concentration of each carbohydrate. Results can usually be
read after 24 hours, although it may be necessary to reincubate for one night.
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It must be emphasized that the microbiology laboratory’s role is to confirm
the clinical diagnosis of diphtheria. Therapy should not be withheld pending
receipt of laboratory reports. More detailed information on the isolation and
identification of C. diphtheriae is found in Guidelines for the laboratory diagnosis
of diphtheria.!

Susceptibility testing

Routine susceptibility tests on throat or pharyngeal isolates are most often not
required, and may even be misleading. The major pathogens involved in
bacterial pharyngitis are S. pyogenes and C. diphtheriae benzylpenicillin and
erythromycin are considered as the antimicrobials of choice to treat both types
of infection. In cases of diphtheria, treatment with antitoxin is also indicated.

' Begg N. Manual for the management and control of diphtheria in the European region. Copen-
hagen, WHO Regional Office for Europe, 1994.
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Lower respiratory tract infections

Introduction

Lower respiratory tract infections (LRTI) are infections occurring below the
level of the larynx, i.e. in the trachea, the bronchi, or in the lung tissue (tra-
cheitis, bronchitis, lung abscess, pneumonia). Sometimes, in pneumonia, the
adjacent membranous covering of the lung is involved, resulting in roughen-
ing (pleurisy) and sometimes production of fluid in the pleural cavity (pleural
effusion).

A special form of LRTI is pulmonary tuberculosis, which is common in many
countries. The patient may cough up aerosols containing tubercle bacilli
(Mycobacterium tuberculosis) which can be inhaled by other people. This form
of the disease (“open” tuberculosis) is easily spread from person to person,
and is therefore a serious communicable disease.

Many patients with LRTI cough up purulent (pus-containing) sputum that is
generally green or yellowish in colour; this sputum may be cultured and
examined grossly and microscopically.

There are other infections in which little or no sputum is produced: Legion-
naire disease (caused by Legionella pneumophila), pneumonia due to
Mycoplasma pneumoniae (“primary atypical pneumonia”), and Chlamydia
pneumonia. These diseases require specialized techniques (serology and iso-
lation on special cultures) for their diagnosis and will not be discussed further
here. Apart from pulmonary tuberculosis (see below), most requests for
sputum microscopy and culture concern patients with respiratory infections
associated with purulent sputum.

The most common infections

Acute and chronic bronchitis

In patients with acute bronchitis (usually following an acute viral infection,
such as a common cold or influenza), sputum is not usually cultured unless
the patient fails to show signs of clinical improvement.

Chronic bronchitis is a long-lasting, disabling respiratory disease with periodic
acute attacks. Most patients generally cough up sputum every day, which is
usually grey and mucoid; the disease also has episodes when the condition
of the patient becomes worse and obviously purulent sputum is coughed up.
This is termed an acute exacerbation of chronic bronchitis. The typical respi-
ratory pathogens (Haemophilus influenzae, Streptococcus pneumoniae, or less
often Moraxella (Branhamella) catarrhalis) are frequently found in sputum
samples.

Lung abscess

An abscess may form in the lung following the inhalation of a foreign body,
of the stomach contents, or of upper respiratory tract (mouth or throat) secre-
tions. This is sometimes termed “aspiration pneumonia”. Attempts may be
made to culture coughed-up sputum (which is often extremely foul-smelling),
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but when there is an abscess (as demonstrated by radiography) the pus con-
tained in it should be examined microscopically and cultured. Unfortunately,
there is no medical agreement on how this pus should be obtained, but direct
puncture and withdrawal of pus is one of the possibilities. Anaerobic bacte-
ria such as Prevotella melaninogenica (formerly Bacteroides melaninogenicus) and
Peptostreptococcus spp., derived from the mouth or throat flora, are often very
important causative agents. Pus should be collected, transported, and exam-
ined according to standard methods for anaerobic culture of pus (see p. 86
and pp. 98-102).

Pneumonia and bronchopneumonia

Acute lobar pneumonia usually affects only a single lobe of the lung. This
infection is nearly always caused by S. pneumoniae. This form of pneumonia
occasionally occurs in epidemic form. A rare cause of a rather similar form of
pneumonia is Klebsiella pneumoniae.

While a few patients infected with S. pneumoniae or K. pneumoniae will have
classical pneumonia, the most frequent form of the disease is bronchopneu-
monia, with patches of infiltration and inflammation (termed “consolidation”)
distributed over one or often both lungs.

Many different kinds of viruses or bacteria can be associated with bronchop-
neumonia. Apart from S. pneumoniae, and sometimes H. influenzae, Staphylo-
coccus aureus is a cause of bronchopneumonia, particularly during influenza
or measles epidemics. Gram-negative rods (in particular, E. coli and K. pneu-
moniage) and P. aeruginosa are also frequently found. These infections are all
common in intensive-care departments, especially when broad-spectrum
antibiotics are widely used or mechanical respiration is carried out, and are
indicative of indiscriminate use of antibiotics and failure to monitor patients
carefully for early signs of infection.

If there is a pleural effusion, the fluid should be examined microscopically
and cultured according to the procedures described for pus and exudates.

Pulmonary tuberculosis

The sputum of patients with pulmonary tuberculosis is usually not highly
purulent, but should not be rejected for tuberculosis investigation because of
this. An acid-fast stained smear (Ziehl-Neelsen) should be examined micro-
scopically to detect immediately any patients who have acid-fast bacteria in
their sputuml. After the smear has been stained, the sputum should be treated
by a decontamination procedure (see p. 72) in order to kill as many of the non-
mycobacterial organisms as possible and to leave the tubercle bacilli viable
and thus suitable for culture on Lowenstein—Jensen medium.

Because the bacteriological procedures for the diagnosis of pyogenic respira-
tory infections, such as bronchitis and pneumonia, are so fundamentally
different from those for tuberculosis, they will be considered separately.
The physician must make it clear to the laboratory whether he or she wishes
examinations for:

' See Manual of basic techniques for a health laboratory, 2nd ed. Geneva, World Health
Organization, 2003.
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* pyogenic bacteria (H. influenzae, S. pneumoniae, etc.),
e tubercle bacteria (M. tuberculosis), or
* Dboth types of bacteria.

Collection of sputum specimens

The collection of good sputum specimens is an art in itself and has been
described in other books'. Examination of a badly collected sputum specimen
can give misleading results because of contamination with the normal bacte-
rial flora present in the mouth and throat; “sputum” consisting of saliva and
food particles should not be examined.

The sputum should be collected in a sterile wide-mouthed container with a
secure, tight-fitting cover and sent to the laboratory without delay. If the
sputum is allowed to stand after collection, overgrowth of contaminating bac-
teria may take place before the examination is carried out and the results of
smears and cultures will be highly misleading. For this reason, it is not rec-
ommended that sputum specimens be sent to the laboratory by mail. The only
exceptions are specimens for tuberculosis examination that may have to be
sent to a district or regional laboratory. The local and national postal regula-
tions for the transmission of infected (pathological) material must be strictly
applied.

Processing of sputum in the laboratory (for
non-tuberculous infections)

After collection sputum must be immediately processed or kept in a
refrigerator.

Macroscopic evaluation

The macroscopic appearance of the sputum should be recorded. Possible
descriptions include:

purulent, green

purulent, yellow

mucopurulent (i.e. partially mucoid and partially purulent)
blood-stained

blood-stained, with green floccules

*grey, mucoid

*grey, frothy

*white, mucoid

*white, frothy

*white, mucoid, with some food particles
*watery (i.e. only saliva present)

*watery, with some food particles

' Specimen collection and transport for microbiological investigation. Alexandria, WHO Regional
Office for the Eastern Mediterranean, 1995 (WHO Regional Publications, Eastern Mediterranean
Series 8).

Manual of basic techniques for a health laboratory, 2nd ed. Geneva, World Health Organization,
20083.

Technical guide for sputum examination for tuberculosis by direct microscopy. Bulletin of the
International Union Against Tuberculosis and Lung Disease, 4th ed. 1996.
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Sputum specimens marked with an asterisk should not normally be examined
for non-tuberculous infections.

Microscopic examination

A portion of the purulent or mucopurulent sputum should be used for the
preparation of a Gram-stained smear.

If no floccules of pus can be seen (e.g. in a grey mucoid sputum sample), the
Gram-stained smear may show only the presence of large, rather square, squa-
mous epithelial cells, frequently covered with masses of adherent bacteria.
This is an indication that the specimen consists mainly of mouth or throat
secretions, and culture should not be carried out as it is not relevant, and
usually highly misleading. An accepted guideline is to reject, for culture, any
specimen that contains fewer than 10 polymorphonuclear neutrophils per
epithelial cell'.

In many patients with acute respiratory infections (e.g. pneumonia) and puru-
lent sputum, the emergency examination of a Gram-stained smear may
provide guidance to the clinician in the choice of antimicrobial chemotherapy.
Possible results include:

* Gram-positive diplococci surrounded by an empty space from the
unstained capsules (suggestive of S. pneumoniae);

¢ small Gram-negative coccobacilli (probably H. influenzae);

¢ Gram-negative diplococci, intracellular and extracellular (suggestive of
Movaxella catarrhalis;

* Gram-positive cocci in grape-like clusters (suggestive of S. aureus);

* Gram-negative rods (suggestive of the presence of Enterobacteriaceae or
Pseudomonas spp.);

¢ large Gram-positive yeast-like cells, often with mycelia (suggestive of the
presence of Candida spp.).

Cultural procedures and interpretation

When microscopy of the specimen demonstrates an acceptable quality of the
sputum, select a floccule of purulent material (or of the most nearly purulent
material available) using a sterile swap or loop and inoculate on to the various
culture plates.

A suggested routine set of culture media is as follows:

* blood agar, with a streak of S. aureus to facilitate satellite growth of H.
influenzae, and with an optochin disc placed in the middle of the secondary
streaking,
chocolate agar,

MacConkey agar.

The blood agar and chocolate agar plates are incubated at 35-36°C in an
atmosphere containing extra carbon dioxide (e.g. in a candle jar) and the
MacConkey plate is incubated in air.

' Heinemann HS & Radano RR. Acceptability and cost savings of selective sputum microbiol-
ogy in a community teaching hospital. Journal of Clinical Microbiology, 1979, 10: 567-573.
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If grape-like clusters of Gram-positive cocci were present in the stained smear,
an extra mannitol salt agar (MSA) plate is suggested. The presence of Gram-
positive, yeast-like structures in the stained smear may be an indication
for the inoculation of a tube of Sabouraud dextrose agar (which needs to be
incubated for at least 3 days at 35-37°C). MSA and Sabouraud cultures do
not need to be done routinely for all sputum specimens.

Cultures should be inspected after incubation overnight (18 hours) but reincu-
bation for an extra 24 hours may be indicated when growth is less than expected
from the microscopic findings, or when only tiny colonies are present.

Typical findings include the following:

¢ Flat, clear colonies with concave centres and zones of green (o.-) haemoly-
sis, as well as a zone of inhibition of growth around the optochin disc,
may be S. pneumoniae. If the reading of the optochin test result on the
primary plate is inconclusive, the test should be repeated on a subculture.
It should not be forgotten that other o-haemolytic colonies (the so-called
viridans streptococci) are normally present in the flora of the mouth and
throat.

¢ Tiny, water-drop colonies growing as non-haemolytic satellite colonies on
the blood agar plate, but much larger clear colonies on the chocolate agar
or enriched blood agar plates, suggest the presence of H. influenzae. These
colonies are usually present in large numbers, generally more than 20 per
plate. Some laboratories choose to confirm this by X and V factor depen-
dence tests, but these have to be very carefully controlled and are not
strictly necessary. Serological typing of respiratory strains is usually not
helpful, as most of them are “rough” and untypable.

* Brittle, dry, grey-white colonies on blood agar and chocolate agar plates
that can be moved intact with a loop may indicate M. catarrhalis. If desired,
a set of sugar degradation tests may be set up (all test results negative),
but most laboratories do not do this. Moraxella organisms are strongly
oxidase-positive, and their colonial and microscopic appearance is highly
characteristic. As the morphologcal appearance of Moraxella resembles
Neisseria spp. the tributyrin test may be used for differentiation, since
Moraxella hydrolyses tributyrin.

* Medium-sized, golden-buff colonies are formed by S. aureus. The coagu-
lase and the mannitol fermentation tests are positive, although the slide
coagulase test (“bound” coagulase test) is occasionally negative. If there is
a contradiction between the appearance of the colonies and the slide test,
then a tube coagulase (“free” coagulase) test should be performed.

* Colonies on MacConkey agar suggest that Enterobacteriaceae or
Pseudomonas spp. or Acinetobacter spp. are present.

e Whitish, round, matt colonies on the blood agar and chocolate agar plates
may be Candida albicans, which will also grow within 2-3 days on a
Sabouraud dextrose agar culture.

It should be stressed that rare colonies of any of the above organisms either
stem from the normal commensal flora of the respiratory tract, or are a result
of colonization (e.g. coliforms, yeasts). As they may not be relevant to the
management of the patient, they should not be reported, or should be reported
as colonizing flora.

Susceptibility testing

Susceptibility tests should be performed only when the amount of growth is
considered significant, and not on every bacterial species present in small
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Table 20. Interpretation of susceptibility test results of
fastidious organisms?®

Total zone diameter (mm)

Resistant Intermediate Susceptible

S. pneumoniae (Mueller-Hinton

with 5% sheep blood in 5%

CO, incubation
Oxacillin (1ug) (for benzylpenicillin) <19 - =20
Tetracycline (30 ug) <18 19-22 =22
Erythromycin (15ug) <15 16-20 =21
Chloramphenicol (30 ug) <20 — =21
Co-trimoxazole (25 ug) <15 16-18 =19
M. catarrhalis (Mueller-Hinton)
Tetracycline (30 ug) <14 15-18 =19
Erythromycin (15ug) <1 14-22 =23
Co-trimoxazole (25 ug) <10 11-15 =16

“National Committee for Clinical Laboratory Standards (NCCLS). Performance standards for antimicrobial sus-
ceptibility testing. M100-S8. Vol 18, 1998.
PResistant or intermediate.

numbers in the culture. Interpretations of some possible results are presented
in Table 20.

For Enterobacteriaceae and staphylococci the standardized disc-diffusion
method (Kirby-Bauer) should be used. Strains of S. pneumoniae should be
tested on Mueller-Hinton agar, supplemented with 5% sheep blood, for sus-
ceptibility to tetracycline, chloramphenicol, erythromycin, and benzylpeni-
cillin. Conventional blood agar can also be used. For benzylpenicillin, a disc
containing 1pg of oxacillin is preferred to a disc containing benzylpenicillin
itself as results with this oxacillin agree better with the MIC value for benzyl-
penicillin; it is also more stable. Benzylpenicillin discs may deteriorate rapidly
in hot climates and thus produce unreliable results.

H. influenzae strains should be tested for B-lactamase production, using, for
example, the Nitrocefin test. Rare strains of H. influenzae may be ampicillin-
resistant without producing -lactamase. At this stage it is not recommended
to test H. influenzae for antibiotic susceptibility by the disc-diffusion technique.

M. catarrhalis isolates should be tested for B-lactamase production. Testing
against tetracycline and erythromycin is optional.

Candida albicans cultures need not be tested against any antimicrobial agents.

Most laboratories give a semi-quantitative assessment of the bacteria cultured
on solid media, which might be presented as follows:

(+) = few colonies

+ = light growth

++ =moderately heavy growth
++ + = heavy growth.
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Culture for Mycobacterium tuberculosis

In addition to the preparation of a direct, acid-fast stained smear, material
(usually, but not always, sputum) should be cultured for M. tuberculosis, when-
ever this disease is clinically suspected. Some patients, in whom pulmonary
tuberculosis is suspected, may not cough up any sputum. A little sputum may,
in fact, be produced but is immediately swallowed. In this case, the physician
should collect a specimen of fasting gastric juice (generally obtained early in
the morning) and neutralize the material using sodium bicarbonate (100 mg)
before sending it to the laboratory. The gastric juice should be treated in the
same way as sputum. It is expensive to culture all sputum samples routinely
for tubercle bacilli (although some unsuspected patients would be discov-
ered); therefore this is not routinely recommended.

Concentration-digestion-decontamination
procedures

Sputum from patients with tuberculosis infection often contains solid parti-
cles of material from the lungs and this material should be selected for culture,
whenever it is found. However, as tuberculous sputum is coughed up through
the throat and mouth, contamination with the normal flora of the pharynx
is inevitable. The contaminating bacteria must be killed if the Léwenstein—
Jensen culture media are not to become overgrown. A concentration-
digestion-decontamination procedure of any specimen collected from a site
where there are normal flora is therefore recommended. The following three
procedures are widely used:

— Sodium hydroxide (NaOH) (Petroff);
— N-acetyl-L-cysteine-sodium hydroxide (NALC-NaOH); and
— Zephiran-trisodium phosphate

Sodium hydroxide procedure (Petroff)

This procedure liquifies the sometimes mucoid sputum while destroying the
contaminating organisms. However, sodium hydroxide is also toxic for
mycobacteria, and care must be taken when using the method to ensure that:

— the final concentration of NaOH does not exceed 2%;
— the tubercle bacilli are not exposed to sodium hydroxide for more than 30
minutes, including centrifugation time.

1. Mix equal volumes of sputum and 4% sodium hydroxide 40g/1 (previ-
ously sterilized by autoclaving) in a sterile, leak-proof, 50-ml glass bottle
or jar, or plastic conical centrifuge tube.

2. Incubate at room temperature (25-30°C) for 15 minutes, shaking the
mixture carefully every 5 minutes using a mechanical shaker. In hot cli-
mates some cooling may be needed or the reaction time may be reduced
to 10-15 minutes.

3. Centrifuge immediately or dilute the mixture to the 50-ml mark with dis-
tilled water or phosphate buffer (pH 6.8) to stop the action of the NaOH.

4. After 15 minutes, centrifuge the specimen at 3000 for 15 minutes. Discard
the supernatant carefully into a splash-proof container filled with a suit-
able disinfectant (phenol- or glutaraldehyde-based). Neutralize the sedi-
ment drop by drop with a 2-mol/1 HCI solution containing 2% of phenol
red, combined with shaking, until the colour changes persistently from red
to yellow. Alternatively add one drop of indicator solution and then add
HCI drop by drop while shaking continuously.
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5.

If the media is to be inoculated immediately, suspend the neutralized
deposit in 1-2ml of sterile 0.85% NaCl or sterile distilled water. Otherwise,
suspend the sediment in 1-2ml of sterile bovine albumin fraction V.

N-acetyl-L-cysteine-sodium hydroxide procedure

A lower concentration of NaOH in the presence of a mucolytic agent like N-
acetyl-L-cysteine (NALC) is less aggressive against tubercle bacilli. Neither the
incubation time nor the temperature are as crucial as in the NaOH procedure.
However, the short shelf-life of no more than 24 hours of the NALC-NaOH
working solution requires daily preparation.

1.

Combine equal volumes of sodium citrate solution (29g sodium citrate
dihydrate per litre of distilled water) and 4% sodium hydroxide (40g/1),
and autoclave the mixture. The solution may be stored at room
temperature.

Just prior to use, add 0.5g NALC to 100ml of NaOH-sodium citrate
solution.

Depending on the number of specimens