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INTRODUCTION

Streptococcus pneumoniae (S. pneumoniae), or pneumococcus, is a Gram-positive aeroto-
lerant anaerobe, alpha-haemolytic, bile soluble diplococcus member of the genus Strepto-
coccus M,

It is a significant human pathogenic bacterium, and was recognized as a major cause of
pneumonia in the late 19th century. Hence it has been the suhject of many humoral im-
munity studies.

The pneumococcus causes many types of pneumococcal infections other than pneumonia,
including meningitis, bacteremia, sepsis, osteomyelitis, septic arthritis, acute sinusitis,
otitis media, endocarditis, peritonitis, pericarditis, cellulitis, and brain abscess .

Thus the pneumococcus is the most common cause of bacterial meningitis in industriali-
zed countries, and also often found in otitis media. Pneumonia caused by S. pneumoniae is
more common in the very young and the very old age groups [,

As S. pneumoniae is optochin sensitive, it can be differentiated from Streptococcus
viridans, which is also alpha-haemolytic, using an optochin test. The encapsulated, Gram-
positive coccoid bacteria have a distinctive morphology on Gram stain, the "lancet shape”.
It has a polysaccharide capsule that acts as a virulence factor for the organism, and so
far 92 different serotypes are known 4. The serotypes differ in virulence, prevalence, and
extent of antibiotic resistance”7¢,

Pathogenesis

S. pneumoniae is normally found in the nasopharynx of 5-10% of healthy adults, and 20-
40% of healthy children V9. It can be carried more frequently in certain crowded environ-
ments (e.g. day care centers, army barracks etc.) [,

The pneumococcus attaches to the nasopharyngeal cells through interaction of bacte-
rial surface adhesins. This normal colonization can become infectious if the organism is
carried into areas such as the eustachian tube or nasal sinuses, where it can cause otitis
media and sinusitis, respectively.




Pneumonia occurs if the organism reaches the lungs. Factors such as very old or very
young age, previous occurrence of viral infection, or smoking-induced ciliary paralysis
might be predisposing factors. Once the organism makes its way to a site where it is

not normally found, it activates the complement system, stimulates the production of
cytokines, and attracts white blood cells (specifically neutrophils) 8%, The surrounding
polysaccharide capsule makes it resistant to phagocytosis, and if there is no pre-existing
anticapsular antibody, alveolar macrophages cannot adequately kill the pneumococci. The
organism may spread to the blood stream (bacteremia) and can be carried to the menin-
ges, joint spaces, bones, and peritoneal cavity, resulting in serious invasive diseases, such
as meningitis, brain abscesses, septic arthritis or osteomyelitis .

The risk of pneumococcal infection is much increased in people with impaired IgG syn-
thesis, impaired phagocytosis or defective clearance of pneumococci. In particular, the
absence of a functional spleen, through congenital asplenia, splenectomy, or sickle-cell di-
sease predisposes to a more severe course of infection (overwhelming post-splenectomy
infection) and preventive measures such as vaccination are indicated. Also, certain ethnic
groups such as native americans (indians), eskimos and aborigines have a predisposition
to acquire pneumococcal infections 1354,




PNEUMOCOCCAL DISEASES AND DIAGNOSIS

Pneumonia

Pneumonia is the most common clinical presentation for pneumococcal disease among
adults (although pneumonia limited to the lung parenchyma is not considered to be an
“invasive” disease). The incubation period of pneumococcal pneumonia is short, about 1 to
3 days.

Typical symptoms of pneumonia include a cough, chest pain, fever, and breathing difficul-
ties. The physical examination may reveal fever, low oxygen saturation and crackles in the
affected area . The diagnostic of pneumonia is challenging, and often based on clinical
findings, changes on the X-rays, and culture of lower respiratory tract samples and blood

culture.

X-ray presentations of pneumonia can be classified as lobar pneumonia, broncho-
pneumonia (also known as lobular pneumonia), and interstitial pneumonia . Bacterial
community-acquired pneumonia classically shows lung consolidation of one lung segmen-




tal lobe, which is known as lobar pneumonia. However, findings vary, and other patterns are
common in other types of pneumonia. Aspiration pneumonia may show bilateral opacities
primarily in the bases of the lungs and on the right side (64,

When hospitalized for severe pneumonia, both lower respiratory tract samples and blood
cultures should be taken, as well as testing the urine for antigens to Legionella spp. and
pneumococcus %98, Other etiologies such as viral and fungal infections can be confirmed
via detection of either the virus or its antigens with culture or polymerase chain reaction
(PCR), or other techniques®.

X-ray of a healthy lung X-ray of an infected lung

Blood Culture

The blood stream is usually a sterile environment. Blood culture is a microbiological cultu-
re of blood under appropriate conditions that will optimize the growth of microorganisms.
It is used to detect bacterial infections that are spreading through the bloodstream
(such as bacteremia, and sepsis).




Method

Blood is taken through venipuncture, and injected into two or more “blood culture col-
lection bottles” with specific media for aerobic and anaerobic organisms. Two major
commercial blood culture systems exist: Bactec™ (Becton Dickinson) and Bact/Alert
(bioMériux).

The blood should be collected using an aseptic technique. This requires that both the top
of the culture bottles and the venipuncture site of the patient are cleaned with swabs of
70% isopropyl alcohol prior to collection 4.

To maximize the diagnostic sensitivity of blood cultures (increase the probability of disco-
vering a pathogenic organism from contaminants), multiple sets of cultures are perfor-
med (each set consisting of aerobic and anaerobic vials filled with ~ 10 mL).

After inoculating the blood culture collection bottles, they are sent to the clinical micro-
biology department, where they are entered into a blood culture machine for incubation
of specimens at body temperature.

The blood culture instrument reports positive blood results when there is a detectable
bacterial growth from the culture media. Most blood cultures are monitored for 5 to 6
days, after which negative vials are removed.

If a vial is positive, a microbiologist will perform a Gram stain on the blood for a rapid,
general identification of the bacteria, which will be reported to the attending physician
of the bacteremic patient. Furthermore, a quick S. pneumoniae latex agglutination can be
performed directly on 10 pL of the blood culture sample. SSI Diagnostica’s ImmulLex™ S.
pneumoniae Omni test will provide an answer within 10 seconds.

Procedure for ImmuLex™ S. pneumoniae Omni

1. Contents: One bottle of latex particles coated with pneumococcal antiserum, a posi-
tive and negative control, reaction card and mixing sticks.

2. Take the blood culture bottle where growth has been detected. Bring the bottle with
latex suspension to room temperature and shake well.

3. For each reaction add a drop (approximately 10 pL) of latex suspension in the circle on
the reaction card. Apply a drop (approximately 10 pL) of positive blood culture medium
next to the drop of latex suspension.




4. Important: Read the result while mixing the two drops for maximum 10 seconds. Use a
separate stick for each reaction.
1 2, 3,
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ImmuLex™ S. pneumoniae Omni Positive Blood Culture Negative Blood Culture
Sensitivity: 98% 182 4
Specificity: 96% 3% 66

The blood is also subcultured or "subbed” onto blood agar plates to isolate the patho-
genic organism for identification and antimicrobial susceptibility testing (AST), and to
inform clinicians on appropriate antibiotics for treatment.

Urinary Antigen Detection

Pneumococcal antigen detection dates back to the work done by Dochez and Avery in
1917 when they demonstrated capsular polysaccharides in urine from patients with lobar
pneumonia 3% The procedure was to mix clear urine with serum, and to let it incubate
at 37°C for one hour. If there was no reaction, the urine was concentrated, and potential
carbohydrate was precipitated with ethanol, collected and dissolved in water and mixe-
with serum again.

*Three crossreactions to Streptococcus haemolyticus C (n=2) and Pseudomonas aeruginosa/Bacteroides thethaiothaomicron (n=1)

have been observed in only the anaerobic blood culture bottle




In the study by Dochez and Avery serotypes from 112 cases were studied, showing a sen-
sitivity of 62.5%.

In 1999, the first S. pneumoniae urinary antigen test was developed and commercialized. The
test was a lateral flow assay, which could give a positive or negative answer within 15 minutes.

In 2014, Statens Serum Institut started a project to make a combined S. pneumoniae
and L. pneumophila urinary antigen test. The praoject was initiated because many guideli-
nes recommend performing both assays in community-acquired pneumonia hospitalized
patients >78 The combined assay ImmuView® S. pneumoniae and L. pneumophila Urinary
Antigen Test was commercialized and launched in September 2014.

Procedure for ImmuView® S. pneumoniae and L. pneumophila Urinary Antigen Test

The procedure of the assay is to take three drops of urine and two drops of running buf-
fer and mix it. Subsequently, insert the test strip in the vial and wait for 15 minutes before
reading the result.

The urinary antigen test can be used in the early stages of pneumonia, as the antigen will
be excreted within the first week after onset of symptoms.

Urinary antigen tests cannot be used on toddlers, as children might carry pneumococcus
in the nasopharynx and might excrete pneumococcal antigens in the urine without having
a pneumococcal pneumonia.
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Sample addition Add running buffer vertically
and whirl gently
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Add test 15 minutes

Results Note: Three grey/purple test lines do not indicate a positive result

The sensitivity and specificity of ImmuView® S. pneumoniae and L. pneumophila Urinary
Antigen Test is:
S. pneumoniae

ImmuView® S. pneumoniae and L. pneumophila Commercial Rapid Test
Urinary Antigen Test
Sensitivity (n=71) 85% 78%
Specificity (n=76) 99%
L. pneumophila
ImmuView® S. pneumoniae and L. pneumophila Commercial Rapid Test
Urinary Antigen Test
Sensitivity (n=99) 89% 54%* (72%)
Specificity (n=76) 100%

S. pneumoniae and L. pneumophila

ImmuView® S. pneumoniae and Combination of two Commercial Rapid

L. pneumophila Urinary Antigen Test |tests for S. pneumoniae and L. pneumophila
Sensitivity (n=170) 87% 64%* (74%)
Specificity (n=76) 99%

* Sensitivity when very faint/weak test lines are scored negative.
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Acute Otitis Media

The highest incidence of acute otitis media is seen in children aged 6 to 12 months. 70%
of all 3 year old children have had at least one episode, and 30% of all 3 year olds have
had three episodes of acute otitis media 182 % Acute otitis media is an inflammation of
the middle ear, which occurs when the bacteria from the nasopharynx passes into the
middle ear via the Eustachian tube. This is done in the context of viral infections in which
the bacteria are more easily trapped in the middle ear, and can cause an inflammatory
condition.

Acute otitis media occurs mainly in connection with upper viral respiratory infections
(such as respiratory syncytial virus (RSV), rhinovirus (cold virus), adenoviruses, enterovi-
ruses, and influenza). Acute otitis media is commonly caused by the bacterium S. pneumo-
niae, causing between 30% and 60% of all cases. Other common bacteria are Haemophilus
influenzae, Branhamella catarrhalis and Streptococcus pyogenes. The course of pneumo-
coccal acute otitis media has been described to be more severe and has more complicati-
ons than H. influenzae and B. catarrhalis /),

Symptoms of acute otitis media are pain in the middle ear, and often fever. The pain may
disappear if the eardrum perforates (due to high pressure in the middle ear), and pus will
come out through the ear canal. Acute otitis media in children often goes with a cold, and
conjunctivitis and in many cases hearing is reduced [#8,

There are a number of risk factors for acute otitis media. Young age at first episode of
acute otitis media increases the risk of having repeated episodes of acute otitis me-
dia. Early and massive colonization of nasopharynx with pathogenic bacteria, frequent
upper respiratory infections , attending day care and the absence of breastfeeding are
all important risk factors for acute otitis media. Furthermore, use of pacifier and pas-
sive smoking in the home increases the risk of developing acute otitis media. Anatomical
factors such as lip cleft palate and dysfunction of the Eustachian tube are other risk
factors. Conditions like heritage, race, sex, premature birth and nutritional status have
also proven to affect the risk for acute otitis media 69,
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Acute otitis media is diagnosed with regular medical examination with an otoscope. If the
child has the disease, the eardrum and its surroundings will often be red, and clear pus
can often be seen in a build-up behind the eardrum so that it bulges out.

If the eardrum is punctuated, there will be pus in the ear canal that can be collected for
microbiological examination.

Qften the child will be very sore to the touch of the front ear cartilage (tragus soreness).




Meningitis

Bacterial meningitis is an inflammation of the brain’s protective membranes, caused by

a variety of bacteria and virus. The bacteria that most often produce meningitis are the
pneumococcus and meningococcus %71, Bacterial meningitis is a serious life-threatening
disease that rapidly can progress and lead to death if untreated.

Bacteria that cause meningitis are often found naturally in the mucous membranes of
the respiratory tract. As part of other inflammatory conditions, such as acute oti-

tis media, bacteria can penetrate into the blood and move into the meninges where it
establishes inflammation. Furthermore, bacteria and viruses can in some cases penetrate
directly from the nose into the meninges if for example nasopharynx has defects.

Meningitis can develop in a matter of hours. Typical symptoms are severe headache, nau-
sea and vomiting, and high fever (39-40°C, 102-104°F). Additional severe signs are: neck
stiffness, pain and difficulties bending the neck, altered consciousness, small bleedings
(the size of a pinhead (petechiae)). The bleeding does not disappear when putting pres-
sure to the skin 2731,

It is often impossible to assess based only on symptoms whether the patient’s meningitis
is caused by bacteria or virus. The main diagnostic tool is a lumbal puncture, where a small
amount of cerebrospinal fluid is collected from the spinal canal, and examined for inflam-
matory markers and different etiologies.

If the patient has received antibiotic treatment before samples are collected for labora-
tory testing and cultures, results might be negative. When this is the case, the diagnosis
has to be made by PCR (i.e. methods based on DNA amplification).
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VIRULENCE FACTORS

The pneumococcus has several virulence factors including polysaccharides, surface pro-
teins, excreted proteins and cytoplasmic proteins. Figure 1 shows a schematic illustration
of a pneumococcus and its virulence factors. Among others, these factors define the
characteristics of the bacteria, and serotype.

@ Lactoferrin
@ FactorH

*‘ IgA

@ Neuraminidase

@ Pneumolysin

@ Pneumolysin

@ Capsular
Polysaccharide

f

@ Cell Wall
@® |gAl protease

@ Autolysin

@ F-antigen

Figure 1. Schematic illustration of a pneumococcus and its virulence factors
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Protein Virulence Factors

Pneumococcal surface protein A (PspA)

PspA is expressed with much variability. It is exposed on the surface of the pneumococcus
and the size of the protein varies between 67-99 kDa. This variability occurs because the
gene for PspA has a mosaic gene pattern which emerges due to recombination followed
by horizontal gene transfer. PspA is bound to the cell surface though cell wall polysac-
charide (CWPS]) as choline attachment anchors the protein. The major role of PspA is to
block the binding of complement component C3, thereby inhibiting both opsonisation and
phagocytosis of the bacteria. Furthermore, PspA binds lactoferrin 78,

Pneumococcal surface protein C (PspC)

PspC is also called CbpA, SpsA and PbcA. PspC is another choline attached protein and is
75 kDa. PspC recognises sialic acid on the epithelial cells and thereby mediates adherence
to the host. In addition, PspC binds IgA and factor H [,

Autolysin (LytA)

LytA is 36 kDa and situated in the cell envelope. LytA is an enzyme, N-acetylmuramoyl-L-
alanine amidase, which degrades the peptidoglycan in the cell wall which leads to pneumo-
coccal lysis. The cell destruction releases the cytoplasmic pneumococcal toxin, pneumoly-
sin. LytA is activated by bile giving the reason to bile solubility (9.

Pneumolysin

Pneumolysin is 53 kDa intracellular toxin which is liberated by LytA lysis. Pneumolysin binds
cholesterals in all cells of the host and forms transmembrane pores which lead to lysis of
the host cells 1,

Neuraminidase

S. pneumoniae expresses two neuraminidases, NanA (108 kDa) and NanB (75 kDa), of 108
kDa and 75 kDa respectively. Neuraminidase is an enzyme (sialidase) which cleaves the
terminal sialic acid from glycolipids, glycoproteins and oligosaccharides in the mucus and
on cell surfaces 12,

Pneumococcal surface adhesin A (PsaA)
PsaA is an extracellular cell membrane bound lipoprotein which transports magnesium
ions into the cells 1,
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IgAl protease
IgAl protease is a secreted zinc metalloprotease that specifically targets human immu-
noglobulin A1 (IgA1) which constitutes more than 90% of the IgA in the human airway .

Polysaccharides Virulence Factors

Capsular Polysaccharides (CPS)

The polysaccharide capsule forms the outermost layer of S. pneumoniae, and is approxi-
mately 200-400 nm thick ] With the exception of serotypes 3, 37, rough types, and
possibly others, the capsule is covalently attached to the outer surface of the cell wall
peptidoglycan. More than 92 structurally and serologically distinct CPS types have been
recognized 1. Capsular production is indispensable for pneumococcal virulence and

is strongly anti-phagocytic in non-immune hosts. Although non-encapsulated strains
(“rough” strains) have been associated with superficial infections, clinical isolates from
other sterile sites are encapsulated, and non-encapsulated variants of these strains are
largely avirulent [®1. However, non-encapsulated strains may cause invasive infections in
immuno-compromised patients. Most CPS serotypes are highly charged at physiological
pH, and this can directly interfere with interactions with phagocytes /1. The most simple
CPS is a linear polymer with repeating units consisting of two or more monosaccharides.
More complicated CPS are branched, and the repeating unit backbones consist of one to
six monosaccharides and have additional side chains [*%].

The serotypes are distinguished by chemical difference in their CPS and on the ability of
the immune system of rabbits to recognize these structural differences and to respond
with specific antibodies against the antigens of each different type.

Two different systems of nomenclature exist for the pneumococcal serotypes, the Danish
system and the American system. For instance, the Danish serotype 10A is equal to the
US type 34. The Danish system is based on cross-reactions between different types, so
that serologically cross-reaction types are assigned to a common serogroup, with indi-
vidual serotypes within each group distinguished by the trailing letter [*°!. In the American
system, serotypes are numbered sequentially (connected with the order of their disco-
very); it does not recognize antigenic cross-reactivity among types. In the key schemes on
pages 27-32, the serotypes are presented in the generally used Danish system. They are
presented together with the antigenic formulas that represent arbitrary designation of
cross-reactions as observed by the capsular reaction (Quellung) 4]
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Cell Wall Polysaccharide (CWPS)

All pneumococci, both virulent and avirulent strains possess a common polysaccharide,
CWPS (Cell Wall PolySaccharide, teichoic acid). The CWPS is composed of a tetrasaccha-
ride joined together through ribitol phosphate diester. In addition, CWPS contains either
one or two phosphocholine substituents. CWPS and CPS are linked covalently to the cell
wall peptidoglycan, which in the purification of the CPS makes it impossible to remove the
CWPSs.20]

F-antigen

All pneumococci (both virulent and avirulent strains) possess a common polysaccharide,
the F-antigen. It is a lipoteichoic acid, with a polysaccharide part that has the same
repeat as CWPS. This part is then linked to a diacylated glycerol residue via a glucose
residue %]

P-Cho

—6)-B-D-Glcp-(1—3)-0-ATTp-(1—4)-a-D-GalpNAc-(1—3)--D-GalpNAc-(1—1)-d-Ribitol-5-P-(0—),

Figure 2. 3D illustration of repeating sugar units and chemical structure (53],
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VACCINES

Before the availability of antimicrobials, more than 70% of patients hospitalized with
pneumococcal bacteremia died Y. In 1911, Wright et al. developed a crude whole-cell
pneumococcal vaccine to immunize South African gold miners, a group with an extremely
high incidence of serious pneumococcal infections 2223 Subsequently, a number of other
investigators conducted clinical trials on the safety and efficacy of polysaccharide vac-
cines against pneumococci of various serotypes 4. The validity of the results from many
of these trials was questionable because of methodological pitfalls, such as the lack of
randomization, and inadequate clinical follow-up of subjects. However, controlled trials of
bi-valent, tri-valent, and quadric-valent polysaccharide vaccines conducted in the 1940s
provided stronger evidence that these vaccines were efficacious [#>28 Two hexa-valent
vaccines were later commercially produced and marketed.

At about the same time, antimicrobials effective against pneumococci became available,
and the outcome of patients with pneumococcal infections improved substantially. The
seemingly miraculous efficacy of penicillin led to the widespread belief that pneumococcal
infections were entirely curable, and clinicians, researchers, and public health officials lost
interest in the prevention of this previously feared pathogen. By the 1950s, the pneumo-
coccal vaccines had been withdrawn from the market.

However, in 1964, complacency over pneumococcal disease ended when Robert Austrian
and Jerome Gold presented clinical descriptions of some 2,000 cases of pneumococcal
pneumonia diagnosed at Kings County Hospital in Brooklyn between 1952 and 1962 [7],
Despite the substantial impact of antimicrobials on reducing mortality, nearly 25% of the
patients admitted with pneumococcal bacteremia died. Mortality was highest among the
elderly and nearly half of the patients aged 60 years or older who had bacteremia died.
Deaths were also more common among people with certain chronic medical conditions.
Accordingly, Austrian and others worked together to redevelop an effective polyvalent
pneumococcal polysaccharide vaccine 29,

To evaluate the vaccine expeditiously and at relatively low cost, double-blinded randomi-
zed controlled trials were conducted in a population with a high rate of pneumococcal
infections. As in earlier decades, young gold miners in South Africa were recruited. These
well-designed trials produced conclusive evidence of the efficacy of the vaccines for pre-
venting invasive infection and pneumonia in this population. The estimates of protective
efficacy were 76%-92% 223 |n 1977 these findings led to licensure of a 14-valent poly-
saccharide vaccine in the United States. This was replaced by a 23-valent vaccine in 1983.
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Pneumococcal Polysaccharide Vaccines

Currently available pneumococcal vaccines, manufactured by Merck and Co. (Pneumovax
23; West Point, Pennsylvania) and Lederle Laboratories (Pneu-Immune 23; Wayne, New
Jersey), contain 25 ug of each of 23 purified capsular polysaccharide antigens of S. pneu-
moniae (serotypes 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 158, 17F, 18C, 19A, 19F, 20,
22F, 23F, and 33F). Based on data from surveillance conducted by the Center for Disease
Control and Prevention (CDC), these 23 capsular types represent at least 85%-90% of
the serotypes that cause invasive pneumococcal infections among children and adults in
the United States. Protection against additional serotypes may also be provided as they
are serologically related to types in the vaccine (e.g. serotype 6A).

Conjugate Pneumococcal Vaccines

Rates of invasive S. pneumoniae infection are highest during the first 2 years of life. Un-
fortunately, pneumococcal capsular polysaccharides are T-cell-independent antigens that
induce limited antibody responses in children under 2 years. Clinical trials of pneumococ-
cal capsular polysaccharide vaccines among young children have demonstrated limited
efficacy or no evidence of efficacy as the immune responses are poor in children under 5
years [3%32.33] By conjugating polysaccharide antigens to a carrier protein, an immunologic
response elicits. The protein becomes T-cell-dependent and induces higher antibody con-
centrations in infants. Additionally, memory B-cells are produced and primed for booster
responses.

At present three Pneumococcal conjugate vaccines (PCV) are available:

Synflorix® is a 10-valent vaccine (GSK). It contains the following serotypes of pneumococ-
cus (1, 4,5, 6B, 7F, 9V, 14, 18C, 19F, and 23F). The vaccine was put on the market in March
2009.

Prevenar 13 is a 13-valent vaccine (Phizer Inc.) which contains the following serotypes of
pneumococcus (1, 3,4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, 23F). This vaccine was approved
for release February 2010 and replaced the previously existing Prevenar 7, which only
included serotypes 4, 14, 6B, 19F, 18C, 23F and 9V.
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Figure 3. Since year 2000 vaccination for pneumococcus has been part of the childhood vaccination programme in
USA. In 2007 the vaccine was included in the Danish vaccination program.
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TYPING OF STREPTOCOCCUS PNEUMONIAE

Early on, researchers using various immune antisera realized that different isolates of
pneumococci could be divided into different categories, groups, or types through ag-
glutination methods and the mouse protection model. Little by little it became clear, as
noted in White’s monograph, that “Whatever benefit is to be derived from the use of
anti-pneumococci serum depends on the rapid and accurate determination of the type of
pneumococcus causing the infection” B4 The question thus became one of devising ways
of shortening the time elapsing between the collection of the specimen and the identifi-
cation of the serologic type of the infecting pneumococci. The following were among the
most important methods White described 34

Mouse protection test (1910)

Early works leading to the detection of the pneumococcus and eventually to the ap-
preciation that isolates differed in agglutination and that antisera differed in their
capacity to protect against pneumococcal infection in the mouse protection test 2.

Culture agglutination

In 1918, Avery inoculated washed sputum in broth containing 1% glucose; after 5 hours
of incubation, the culture was used as an agglutinating antigen with three types of
antisera.

Urine precipitation test

This was based on the 1917 finding by Dochez and Avery that pneumococci in vivo as
well as in vitro produce a soluble-specific substance that is easily detected with an
appropriate immune serum. See chapter "Urinary Antigen Detection” page 8 for more.

Stained slide microscopic agglutination test

Sabin introduced this method in 1929. Sputum is injected into the peritoneal cavity of
a mouse, and a few hours later, a small amount of peritoneal exudate is withdrawn and
mixed with diagnostic antisera of the various types in separate drops on the same
slide. The drops are then smeared and the slide fixed, stained, and examined under the
microscope.

Neufeld test

First described by Neufeld and Etinger-Tulczynska in 1933, but based on the Neufeld
test described in 1902 and also known as the capsular reaction test. Until recently,
this was probably the fastest, most specific, and easiest of all methods. It continues
to be carried out essentially as described by Austrian (9],
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In most instances it is sufficient to know if a given strain is a pneumococcus or not. If the
strain is sensitive to optochin (ethylhydrocuprein hydrocholide) and bile (sodium deoxy-
cholate) it is very likely a pneumococcus. The strain may be confirmed using Omni serum
which is a pooled polyvalent, purified pneumococcal serum giving a capsular reaction in a
Neufeld test. This antiserum was first introduced in 1966 by Erna Lund %], Today, it is still
available and reacts with all known serotypes of pneumococci. The Neufeld test is not a
swelling of the capsule but a reaction between the type-specific antiserum and the cap-
sular polysaccharide rendering the capsule visible.

However, not all type-specific antibodies of Omni serum, are present in a concentration
high enough to allow the capsule to become visible, but produce agglutination, which must
sometimes be accepted as the sole criterion of a positive reaction 7.

Neufeld Test (Quellung reaction)

Procedure with a phase contrast microscope:

Approximately 2 pL of pneumococcus (liquid, broth or from a single colony) is mixed with
an equal amount of antiserum. It is preferable to have relative few organisms per micro-
scope field. The cover slip is inverted over the wet preparation and blotted lightly. A drop
of immersion oil is applied to the cover clip and the preparation is examined under the oil
immersion (magnification x100).

(For video demonstration please visit ssidiagnostica.com and search for Neufeld).

Procedure with a normal microscope:

A loop full of emulsified broth culture is spread over an area of 0.5 to 1 cm in diameter on
a glass slide and allowed to dry at room temperature. In a similar fashion, the cells from a
single colony of pneumococcus may be emulsified in a drop of saline on a slide and allowed
to dry. A loop full of 1% aqueous methylene blue is placed on the cover slip, and a loop full
of typing serum is then applied directly to the dried spot on the slide. The residual antise-
rum adhering to the loop is next mixed with the methylene blue on the cover slip. Then it is
applied to and mixed with a droplet of antiserum on the slide which previously was spread
over the area of the dried preparation. The cover slip is inverted over the wet preparati-
on and blotted lightly. A drop of immersion ail is applied to the cover slip and the prepara-
tion is examined under the oil immersion lens of a microscope with x10 ocular lenses [#°.
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Figure 4. Example of serotyping using the Neufeld test.

Figure 4 shows an example of serotyping using the Neufeld test. Omni serum comprising

antibodies against all known serotypes is positive. The chessboard is positive in pool C

and P indicating a group 7. Using factor sera 7b, 7c, 7e and 7f, the type is confirmed. If e.g.
factor sera 7e is positive then the strain is serotype 7B.
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Figure 5. The Neufeld test. Negative (left) and positive reaction (right).

Latex Agglutination Test

Two bacteriologists, Herbert Edward Durham (1866-1945) and Max Von Gruber (1853—
1927), discovered specific agglutination in 1896 8 The clumping became known as the
Gruber-Durham reaction. Gruber introduced the term agglutinin (from Latin) for any
substance that caused agglutination of cells.

The French physician Fernand Widal (1862-1929) put Gruber and Durham’s discovery to
practical use later in 1896, using the reaction as the basis for a test for typhoid fever.
Widal found that blood serum from a typhoid carrier caused a culture of typhoid bacteria
to clump, whereas serum from a typhoid-free person did not. This Widal test was the first
example of serum diagnosis 3.

In 1900 the Austrian physician Karl Landsteiner found another important practical appli-
cation of the agglutination reaction. His discovery of ABO blood groups was the start of
the science of blood transfusion and serology [*9).
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The first description of a test based on latex agglutination was the rheumatoid factor
test proposed by Singer and Plotz in 1956. Since then, tests to detect microbial and viral
infections etc. have been developed Y.

In 2004, SSI Diagnostica introduced the ImmulLex™ Pneumotest .
(For video demonstration please visit ssidiagnostica.com and search for Pneumotest

@
OO©"

Figure 6. Latex agglutination - To the left a drop of latex and bacterial suspension. In the middle a positive aggluti-
nation, and a negative agglutination to the right.

Serotyping S. pneumoniae

Serotyping of S. pneumoniae is performed in the following order. First the strain is tested
in either the Pneumotest Kit (Neufeld test) or in the ImmuLex™ Pneumotest, where the
type/group/pool of serotypes are determined, Thereafter further typing is made with
single type sera, group sera and factor sera (see Figure 4) 4243,

For a full serotyping the following antisera or kit is needed:
Omni serum, reacting with all known types
Pool antisera, for typing or grouping most pneumococci (Atoland P to T)
or Pneumotest kit
Type sera, reacting with a single type
Group sera, reacting with all the types within one group
Factor sera for differential typing within a group
Some of the above mentioned products can also be purchased for latex agglutination:
Immulex™ S. pneumoniae Omni
ImmuLex™ Pneumotest Kit
ImmuLex™ Pneumococcus 7-10-13-Valent Kit
Immulex™ Pneumococcus 7-Valent Kit
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Non-vaccine

groups/types
A 1 18 4 5 2
(18F, 18A, 18B,
L 18C)
B 19 6 3 8
(19F, 19A, (6A, 6B, 6C,
L 19B, 19C) 6D)
Cc 7 20 24 (24F, 24A, 24B)
(7F, 7A,78,7C) 31,40
) 9 1 16 (16F, 16A)
(9A, 9L, 9N, 9V) (11F, 11A, 11B, |36, 37
L 11C, 11D)
E 12 10 33 21, 39
(12F, 12A,12B) | (10F, 10A, 10B, | (33F, 33A, 33B,
L 10C) 33C, 33D)
F 17 22 27
(17F, 17A) (22F, 22A) 32 (32F, 32A)
41 (41F, 41A)
G 29, 34
35 (35F, 35A, 358, 35C)
42
47 (47F, 47A)
H R 23 15 13
(23F, 23A, 23B) (15F, 15A, 15B, 28 (28F, 28A)
15C)
I 25 (25F, 25A)
38,43, 44, 45, 46, 48

Table 1. Pneumotest Kit. Chessboard for identification of pneumococcal groups/types.

Boldface indicates that the group/type is included in the 23-valent pneumococcal poly-

saccharide vaccine.
() states types within a group.
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Key to S. pneumoniae Types and Pneumococcal Diagnostic Antisera

S. pneumoniae

S. pneumoniae
type

Positive reaction in:

Group | Factor
serum | serum | serum

Antiserum/antisera
recommended for
identification of type

Type 1 1 AP 1 Type serum 1

Type 2 2 AT 2 Type serum 2

Type 3 3 B,R 3 Type serum 3

Type 4 4 AR 4 Type serum 4

Type 5 5 A'S 5 Type serum 5

Group 6 BA B,Q 6 6b Factor serum 6b
6B B, Q 6 6c Factor serum 6c
6C B,Q 6 6d Factor serum 6d
6D B,Q 6 6c, 6d Factor serum 6c¢ + 6d

Group 7 7F CP 7 7b Factor sera7b + 7c
7A C,P 7 7b, 7¢c Factor serum 7c
7B C,P 7 7e Factor serum 7e
7C CP 7 7f Factor serum 7f

Type 8 8 B,S 8 Type serum 8

Group 9 9A D,R 9 9d Factor sera 9d + 9g
aL DR 9 9b Factor sera 9b + Qe
9N D,R 9 9b, 9e Factor serum 9e
v D,R 9 9d, 9g Factor serum 9g

Group 10 10F ES 10 10b Factor sera 10b + 10d + 10f
10A E S 10 10d Factor sera 10d + 10b
10B ES 10 10b, 10d Factor sera 10b + 10d
10C ES 10 10b, 10f Factor serum 10f

Group 11 11F DT 11 11b, 11g Factor sera 11g + 11f
11A DT 11 11c Factor sera 11c + 11b
11B DT 11 11b, 11f, 11g | Factor sera 11f + 11g
11C DT 11 11b, 11c, 11f | Factor sera 11c + 11f
11D DT 11 11b, 11c Factor sera 11b + 11c + 11f

Group 12 12F E R 12 12b Factor sera 12b + 12c
12A E,R 12 12c Factor sera 12c + 12b
12B E,R 12 12b, 12c, 12e | Factor serum 12e

Type 13 13 H 13 Type serum 13

Type 14 14 H, P 14 Type serum 14
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Positive reaction in: Antiserum/antisera

S. pneumoniae

S. pneumoniae recommended for

EIEE O |- :::\:L:;r identification of type

Group 15 15F H, S 15 15b, 15¢ Factor sera 15b + 15¢c
15A H, S 15 15¢c Factor sera 15c + 15b
15B H, S 15 15b, 15e, 15h | Factor serum 15h
15C H,S 15 15e Factor sera 15e + 15h

Group 16 16F D 16 16b Factor serum 16b
16A D 16 16¢c Factor serum 16¢

Group 17 17F F, S 17 17b Factor serum 17b
17A F, S 17 17c Factor serum 17c

Group 18 18F AQ 18 18c, 18e, 18f | Factor serum 18f
18A AQ 18 18d Factor serum 18d
18B AQ 18 18e Factor sera 18e + 18c
18C A Q 18 18c, 18e Factor sera 18c + 18f

Group 19 19F B, P 19 19b Factor serum 19b
19A B, P 19 19c Factor serum 19c
198 B, P 19 7h Factor sera 7h + 19f
19C B, P 19 19f, 7h Factor serum 19f

Type 20 20 CT 20 Type serum 20

Type 21 21 E 21 Type serum 21

Group 22 22F FT 22 22b Factor serum 22b
22A FT 22 2ec Factor serum 22c

Group 23 23F H,Q 23 23b Factor serum 23b
23A HQ 23 23c Factor serum 23c
23B HQ 23 23d Factor serum 23d

Group 24 24F C 24 24d Factor serum 24d + 24c
24A C 24 24c, 24d Factor serum 24c
248 C 24 24e Factor serum 24e

Group 25 25F I 25 25b Factor serum 25b
25A I 25 25¢ Facor serum 25¢

Type 27 27 F 27 Type serum 27

Group 28 28F H 28 28b Factor serum 28b
28A H 28 28c Factor serum 28c

Type 29 29 G 29 Type serum 29

Type 31 31 C 31 Type serum 31

Group 32 32F F 32 32a Factor sera 32a + 32b
32A F 32 32a, 32b Factor sera 32b
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S. pneumoniae

S. pneumoniae
type

Positive reaction in:

Group | Factor
serum | serum

Antiserum/antisera
recommended for
identification of type

Group 33 33F ET 33 33b Factor sera 33b + 20b
33A ET 33 33b, 20b Factor serum 20b
33B ET 33 33f Factor sera 33f + 33e + 6a
33C ET 33 33e, (33f) Factor serum 33e
33D ET 33 33f, Ba Factor serum 6a

Type 34 34 G 34 Type serum 34

Group 35* 35F G 35 35a, 35b Factor sera 35a + 35b
35A G 35 3ba, 3bc Factor sera 35a + 35c +

29b + 42a
35B G 35 3ba, 35¢, 29b | Factor sera 35a + 29b
35C G 35 3b5a, 35¢, 42a | Factor sera 35a + 42a

Type 36 36 D 36 Type serum 36

Type 37 37 D 37 Type serum 37

Type 38 38 | 38 Type serum 38

Type 39 39 E 39 Type serum 39

Type 40 40 C 40 Type serum 40

Group 41 41F F 41 41a, 41b Factor serum 41b
41A F 41 4la Factor sera 41a + 41b

Type 42 42 G 42 Type serum 42

Type 43 43 | 43 Type serum 43

Type 44 44 | 44 Type serum 44

Type 45 45 | 45 Type serum 45

Type 46 46 | 46 Type serum 46

Group 47 47F G 47 47a Factor sera 47a + 43b
47A G 47 47a, 43b Factor serum 43b

Type 48 48 | 48 Type serum 48

()indicates a weak positive reaction.

*All types within S. pneumoniae group 35 have to be identified by means of Factor serum
35a, because of cross-reactions to S. pneumoniae types 42 and 47F in Group antiserum 35.
S. pneumoniae types included in the 23-valent vaccine are indicated by boldface.

All types of S. pneumoniae will give a positive reaction in Omni-serum and Anti C-polysac-
charide serum.
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Key to Pneumococcal Factor Serum

Typet! Reaction in factor serum Antigenic form
6b 6c 6d

BA + - - 6a, 6b

6B _ + - 6a, 6¢C

6C - _ + 6a, 6d

6D - + + 6a, 6c, 6d
7b 7c 7e 7f

7F + - - - 7a,7b

7A (+) + - - 7a,7b,7c

7B _ - + - 7a,7d,7e,7h

7C _ _ - + 7a,7d,7f, 79, 7h
9b 9d 9e 9g

9A - + - - 9a, 9¢, 9d

9L - - - 93, 9b, 9c, 9f

9N - + - 9a, 9b, 9e

aVv - + - + 9a, 9¢c, 9d, 9g
10b 10d 10f

10F + - - 10a, 10b

10A - + - 10a, 10c, 10d

10B + - 10a, 10b, 10c, 10d, 10e

10C + - + 10a, 10b, 10c, 10f
11b 1lc 11f 11g

11F + - - + 113, 11b, 11e, 11g

11A - + - - 11a,11c, 11d, 11e

11B + - + 113, 11b, 11f, 11g

11C + + - 11a, 11b, 11c, 11d, 11f

11D + + - - 11a, 11b, 11c, 11e
12b 12c 12e

12F + - - 123, 12b, 12d

12A - + - 12a,12c, 12d

12B + + 12a,12b, 12¢, 12e
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Type!

Reaction in factor serum

Antigenic form

15b 15¢c 15e 15h
15F + + - - 15a, 15b, 15¢, 15f
15A - + - - 15a, 15c¢, 15d, 15g
15B + - + + 153, 15b, 15d, 15e, 15h
15C - - + - 153, 15d, 15e
16b 16c
16F + - 163, 16b, 11d
16A - + 1643, 16¢
17b 17c
17F + - 17a,17b
17A - + 17a,17c
18c 18d 18e 18f
18F + - + + 18a, 18b, 18c, 18e, 18f
18A - + - - 18a, 18b, 18d
18B - - + - 18a, 18b, 18¢, 18g
18C + N + - 18a, 18b, 18c, 18e
19b 19c 19f 7h
19F + - - - 19a, 19b, 19d
19A - + - - 193, 19¢, 19d
19B - - - + 19a, 19¢?, 19e, 7h
19C - - + 19a, 19¢?, 19f, 7h
22b 22c
22F + - 22a, 22b
22A - + 22a, 22¢c
23b 23c 23d
23F + - - 23a, 23b, 18b
23A - + - 23a, 23c, 15a
23B - - + 23a, 23b2, 23d
24c 24d 24e
24F - + - 24a, 24b, 24d, 7h
24A + + - 24a, 24c, 24d
24B - - + 24a, 24b, 24e, 7h
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Type! | Reaction in factor serum | Antigenic form

25b 25¢c
25F + - 25a, 25b
25A - + 25a, 25¢, 38a
28b 28c
28F + - 28a, 28b, 16b, 23d
28A - + 28a, 28c, 23d
32a 32b
32F + - 32a, 27b
32A + + 32a, 32b, 27b
33b 33e 33f 6a 20b
33F + - - - - 33a, 33b, 33d
33A + - - - + 33a, 33b, 33d, 20b
338 _ - + - - 33a, 33c, 334, 33f
33C - + (+) - - 333, 33c, 33e
33D - - + + - 33a, 33c, 33d, 33f, 6a
35a 35b 35¢c 29b 42a
35F + + - - - 353, 35b, 34b
35A + - + - - 35a, 35¢, 20b
358 + - + + - 3b5a, 35¢, 29b
35C + - + - + 3ba, 3b¢, 20b, 42a
41a 41b
41F + + 41a, 41b
41A + - 4la
47a 43b
47F + - 47a, 3ba, 35b
47A + + 47a, 43b

Vaccine types are indicated by boldface.

1Streptococcus pneumoniae type.

2Factor positive with some antisera, but do not react with the currently distributed anti-
sera.

(+) Weak positive reaction.
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ELISA

Measuring of antibodies against pneumococcal capsules is preformed to evaluate vaccine
trails, science purpose or for evaluation potential re-vaccination. Several publications
indicates that the 23-valent polysaccharides vaccines do not produce memory cells and
antibody levels disappear over time 81 ELISA is an abbreviation for Enzyme-Linked Im-
munoSorbent Assay. The original assay used to quantify the level of circulating antibodies
to pneumococcal capsules in humans was based on the Farr assay (a radioimmunoassay
that measured antibody binding to radio labelled capsular CPS) 4. However, the Farr as-
say was impractical to perform on large numbers of antiserum samples associated with
for instance clinical trials. It consumed large volumes of antisera for each serotype, used
radioactive isotopes, and was not informative relative to the isotype being elicited by

the vaccine. In addition, it was not clear whether the Farr assay provided the necessary
specificity (45481,

In the early 1980s, ELISA became the preferred method for estimating antibody concen-
trations, but it had to undergo several developments to end up as the method that is
used today.

In studies using ELISA, results showed a poor correlation between antibody concentra-
tion and the efficacy of the vaccine.

The first generation ELISAs were later found to overestimate the true anti-capsular CPS
antibody concentration. The primary reason was that the assay measured antibodies to
pneumococcal cell wall polysaccharides (CWPS, teichoic acid), as well as anti-capsular CPS
antibodies. This occurred because purified capsular CPS contains up to 5% (by weight)
CWPS, which is covalently bound to the serotype-specific CPS via a peptidoglycan moiety
7 In addition, most people have antibodies to CWPS, perhaps in response to pneumococ-
cal carriage, previous infection or due to close related CWPS on S. mitis and S. oralis 48149,

Once the problems with antibodies to CWPS were recognized, a second-generation
pneumococcal ELISA was developed by taking steps to neutralize CWPS antibodies in the
test antiserum samples prior to ELISA measurement % Two different approaches with
preadsorption were used, either with CWPS or with a cruder cell wall preparation from a
non-encapsulated serotype . This simple alteration resulted in better quantization of
serotype-specific pneumococcal CPS antibodies and also improved the correlation of the
antiserum antibody concentration with immune protection.

However, the second-generation ELISA was found to have insufficient specificity when
antiserum samples from unimmunized adults were investigated.
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Following the discovery that ELISA specificity could be further improved when the test
antisera were preadsorbed with CWPS and an irrelevant pneumococcal capsular CPS, a
third-generation ELISA was developed.

For the third-generation ELISA, the test antiserum is preadsorbed with CWPS and pneu-
mococcal type 22F capsular CPS %2 Serotype 22F was chosen for this purpose because
the capsular PS is available and is not likely to be included in any future conjugate vaccine.
After the discovery that the active part in the 22F CPS was a CWPS variant (amount of
choline) a new adsorption product CWPS Multi was launched by SSI Diagnostica, which
made the preadsorption step easier. [*3. Today, SSI Diagnostica has 92 CPS available in 10
mg freeze-dried vials as well as the CWPS and CWPS Multi.
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Figure 7. Overview of the third-generation ELISA.
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PROTOCOLS

For a more detailed protocol and WHO training manual please visit:
http://www.vaccine.uab.edu

Guidance protocol for pneumococcal antibody ELISA

The guidance procedure for the pneumococcal CPS ELISA suggests coating each well of
a medium-binding microtiter plate with 100 uL of serotype specific pneumococcal CPS
antigen and incubate it at 37 °C for five hours in a humidified chamber. The coated plates
are washed by soaking for 30 seconds with 1x Tris-buffered saline-0.01% Brij 35 solu-
tion (pH 7.2). After preadsorption (either with CWPS and 22F CPS or CWPS Multi) for 30
minutes, the serum specimens are serially diluted and added to the microtiter plates (50
uL per well) following a predetermined template. Some wells in the microtiter plates have
no serum specimens in order to monitor nonspecific background binding in the assay. Sera
are incubated in the CPS-coated microtiter plates for 2 hours at room temperature. The
plates are washed as described above, and 50 L of diluted goat anti human IgG (horsera-
dish peroxidase or alkaline phosphatase) conjugate is added to each well.

The plates are again incubated for 2 hours and washed as previously described. Finally,
the substrate is added (100 yL TMB or 100 pL of 1-mg/mL p-nitrophenyl phosphate) and
the mixture is incubated for 15 minutes at room temperature. The reaction is stopped

by adding 1.6M H,SQ, to all the wells, and the optical density is measured. Optical density
data are converted to antibody concentration with a computer program like CDC ELISA,
which uses a four-parameter logistic-log method to perform a curve-fitting procedure. In
general, the detection limit is about 0.01 mg/L, and interassay coefficient of the variation
is about 30%.

For pneumococcal standard serum “007sp” please contact:
Mustafa Akkoyunlu, MD PhD,

Research Biologist
DHHS/FDA/CBER/OMPT/OVRR/DBPAP/LBP

Building W0O52-72 Room 5214

HFM-428

Silver Spring MD 20993-0002

Tel: 240-402-9348

Fax: 301-402-2776

Mustafa.Akkoyunlu@fda.hhs.gov
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PRODUCT ASSORTMENT

SSI Diagnostica produces a comprehensive range of both pneumococcus antigens and

antisera. The product range develops as new serotypes are discovered.
Product group. Type Method
ANTIGENS

Pneumococcus Antigen CWPS
(Cell Wall Polysaccharide), purified

CWPS Multi
F-antigen (LTA)
Polysaccharide, purified 1-25, 27-29, 31-48

DIAGNOSTICS

ImmuView® S. pneumoniae and L. Lateral Flow Test
pneumophila Urinary Antigen Test

92 serotypes Capsular Reaction Test

(Neufeld)
ImmulLex™ S. pneumoniae Omni 92 serotypes Latex Agglutination

TYPING MATERIAL

Omni Antiserum

Pneumococcus Pool Antisera A-I, P-T Capsular Reaction Test
(Neufeld)
Pneumococcus Pool Antisera Latex Pool A-I, P-T Latex Agglutination
Pneumococcus Group Antisera Group 6,7, 9-12, 15-19, 22-25, Capsular Reaction Test
28, 32, 33, 35, 41, 47 (Neufeld)
Pneumococcus Type Antisera 1-5, 8,13, 14, 20, 21, 27,28, 29, 31, Capsular Reaction Test
34,36, 37,38, 39, 40, 42, 43, 44, (Neufeld)

45, 46, 48
Pneumococcus Type Antisera Latex Type 1, 3,4, 5,14 Latex Agglutination
Pneumococcus Factor Antisera Latex Factor 6b, 6¢c, 7b, 9g, 18c, Latex Agglutination

18f, 19b, 19¢, 23b

Pneumococcus Factor Antisera

Factor 63, 6b, 6¢, 6d, 7b, 7c, 7e,
7f, 7h, 9b, 9d, 9e, 9g, 10b, 10d, 10f,
11b, 11c, 11f, 11g, 12b, 12¢, 12e,
15b, 15¢, 15e, 15h, 16b, 16¢, 17b,
17c, 18c, 18d, 18e, 18f, 19b, 19c,
19f, 20b, 22b, 22¢, 23b, 23c, 234,
24c, 24d, 24e, 25b, 25¢, 28b, 28,
29b, 323, 32b, 33b, 33e, 33f, 353,
35b, 35¢, 41a, 41b, 42a, 43b, 47a

Capsular Reaction Test
(Neufeld)

Pneumococcus Anti CWPS

ImmulLex™ Pneumotest Kit

Latex Agglutination

ImmulLex™ Pneumococcus
7-10-13-Valent Kit

Latex Agglutination

ImmulLex™ Pneumococcus
7-Valent Kit

Latex Agglutination

Pneumotest-Kit

Capsular Reaction Test

Type 1 Control




GENERAL INFORMATION

Quality
The production of antigens and antiserum is certified according to ISO 13485 and ISO
9001 and CE-marked.

Storage and Shelf Life
The antigens can be stored at room temperature. Shelf life is minimum two years from
date of shipment.

The antisera and ImmuLex™ S. pneumoniae Omni must be stored at 2-8 °C. Shelf life is
minimum two years from date of shipment.

Information and ordering
For ordering please visit SSI Diagnostica’s webshop on shop.ssidiagnostica.com or

contact one of the distributors listed on our web page ssidiagnostica.com/distributors.

For inquiries please contact:

SSI Diagnostica

2 Herredsvejen

3400 Hillerpd

Denmark

T +4548299178

F  +45 4829 9179

@ ssidiagnostica@ssidiagnostica.com
w ssidiagnostica.com
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