

























































































































































































































































































































































































































































































































































































































































































































































































Advanced Biological Weapons Design and Manufacture

Bacilli that are dried into dust particles below 5 microns in size and stored in the dark at
37 C are capable of imtiating infection for up to 8-10 days and in dried cultures for up to 12 years.
They are resistant to heat and most chemicals such as hypochlorites and disinfectants in this state.
This allows for their use in treated water supplies, food processing and service targets and other
public institutions with goed sanitary practices. It is infective by all routes of exposure including
eye, dermal via cuts or abrasions, ingesticn, inhalation and genitourinary. [n order to produce
potentially fatal disease by inhalation, the micron size must be below 5 in erder for the bacilli to
enter the alveoli and adhere to the mucosal surfaces there,

In guinea pig tests it has been found that lethal infection can be created against vaccination
with doses about 1,000 times that necessary against unvaccinated animals. It 1s unknown whether
this will apply to human targets although the author thinks it is likely. It has also been found that a
VA hospital patient with tubercular laryngitis was able to contaminate the air in his room so
thoroughly that when the air was pumped to an adjacent rcom with 15 guinea pigs, all of them
became infected.

Experimental animal tests indicate that infection via the eyes 1s easily accomplished
although no human tests have been conducted. Mortality rates are almost always determined by
the invasion of the blocd stream by large numbers of virulent cells. TB can invade virtually every
organ once it gains access to the blood stream. The ability te successfully infect depends on the
body's immune response and this commends the use of other stress inducing bioiogicals in
combination with TB which mirrors the high mortality rates experienced in the natural cccurrence
of the disease.
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Haemophilus

History and Recovery from Nature

Haemophilus (meaning blood loving) is a group of bactena that requires special factors
from blood before any of its species will grow on lab media. They are strict parasites of man and
amumals and are most commonly recovered from the throat and upper respiratory tract. App. 30%
of healthy children carry H. intfluenza in their oropharyngeal or nasal secretions and it is also
found in the respiratory tract of many healthy adults.

H. influenza was first isolated by Pfeiffer from flu patients during the pandemic of
1889-1850 and was believed to be the cause of influenza until 1933 when the flu virus was finally
isolated. This species is now regarded as a secondary invader of the upper respiratory tract. H.

parainfluenza is often isolated from the upper respiratory tract of some individuals as a
commensal.

H. ducreyi is the cause of chancroid (soft chancres) which is a highly contagious and
common form of venereal disease which is sometimes confused with syphilis. The sores or ulcers
are exquisitely painful which distinguishes them from syphilis. H. aegyptius is isolated from cases
of conjunctivitis (pinkeye) and is the historic Koch-Weeks bacillus. Epidemics are often associated
with individuals sharing towels, handkerchiefs or other objects coming into direct contact with the
face or eyes. H. aphrophilus is sometimes associated with rare cases of endocarditis, pneumonia,
and meningitis. Other Haemophilus species (17+) are isolated on occasion from disease in man
but the most significant member of the genus is H. influenza.

The means which H. influenza will suddenly become virulent and cause rapid and life
threatening infections in not completely understood although most cutbreaks occur in wintertime.
Infections in newborns are rare for the first two months after birth and 1s believed to be due to
antibodies acquired maternally. H. influenza meningitis reaches a peak between 2 months and 3
years of age when circulating antibodies are at their lowest ebb. Invasion also occurs with
frequency in immunosuppressed hosts receiving chemotherapy. The tissues response produces a
suppurative inflammation with an exudate so thick and the edema so severe that it can cause acute
airway obstruction requining an emergency tracheostomy.

H. influenza causes a wide range of respiratory infections which usually precede meningitis
after the organism invades the blocodstream.

Haemophilus are aerobic and facultatively anaerobic. They grow best at 37 C but grow
from 20-42 C in a pH range of 7.2-7.6. A special set growth factors found in blood and called
Hemin and NAD and is required ( sometimes both) that are called X and V factors. Hemin (X) 1s
related to hemoglobin and 1s more readily available to organisms growing on chocolate agar that
has been heat treated to release some of the cells components than on regular blood agar. It is
heat stable for 30 minutes at 120 C. It can also be derived from a peptic digestion of blood. X
factor 1s required for synthesis of catalase and is necessary for aerobic growth of Haemophilus
strains requiring it. Some strains can grow anaerobically without requiring it.
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NAD (V factor) 1s a heat-labile coenzyme which i1s destroyed at 120 C at 30 minutes.
Many bacteria, plant cells, and yeast's produce extra V factor and when these organisms are
grown as colonies the V factor diffuses into the surrounding medium. V factor is essential as a
hydrogen receptor in the oxidative reduction processes of the organism. With this extra growth
factor, Haemophilus species requiring it will grow around the colony as "satellite” colonies. As
already illustrated in the Staphylococcus section, Haemophilus can be grown using the staph as a
provider of this factor. When Staph produces beta hemolysin, it causes the cells to release X
factor intc the medium and those species requiring X factor will grow within this zene. By
cooking the blood at 80 C for 30 minutes and providing a staph colony, you can provide both X
and V factors for all Haemogphilus species.

The reason that sheep's blcod does not directly supply these growth factors is that during
storage, the sheep blood cells lyse and release the enzyme NADase which inactivates any V factor
in the media. Rabbit or horse blood does not release this enzyme and can be used to directly grow
Haemophilus species but these also grow Streptococct which may make 1t hard to distinguish
between the organisms.

On chocolate agar, Haemophilus colonies reach a diameter of 1-2 mm in 24 hours. They
are transparent, colorless and shiny and look like dewdrops. A culture medmum can be made called
Levinthals medium by mixing tryptic soy broth {500 ml) with 50 ml of sheep's blood and boiling it
at 80 C for 20 mmnutes while stirring. This releases X factor and inactivates NADase. The
temperature and time should not be exceeded because the V factor is heat-labile. A deep brown
clot forms which 1s filtered off until you have a clear solution that 1s sterile. Agar {18 g) is mixed
into 275 ml of distilled water and 1s dissolved by boiling (gelatin can also be used) and is added to
275 ml of tryptic soy broth. Equal parts of both mixes are poured into containers and supplies
both X and V factors for growing all Haemophilus species.

Yeast extract which contains V factor, vitamins, and growth factors can also be used in
media formulations. 1t often improves the growth of Haemophilus and can be added to media for
maximum production of the organism. V factor is also provided by various vegetable extracts as
well,

Haemophilus 1s recovered from the blood, sputum and cerebrospinal fluid in major
infections. Urethral swabs are taken for chancroid and eye swabs for conjunctivitis. Chocolate
blood agar with a staph streak to supply the extra V factor is most often used for i1solation. The
specimen 1s inoculated first with a single streak run across the plate with the staph. The
haemophilus grows m abundance closest to the streak which allows for easy i1solation and
identification.

Another means of selectively isolating Haemophilus 1s to add a small amount of
Bacitracin, Nafcillin, (or Neosporin) to the heaviest area of inoculation on a plate. This antibiotic
will inhibit most other gram positive organisms and allow growth of Haemophilus in many cases.
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Dhfferentiation characteristics of Haemophilus species.

Requires X,V Affects tissues
H. influenza Xand V Respiratery tract, conjunctiva and meninges
H. aegyptius Xand V Conjunctiva
H. ducreyi X Genitalia
H. aphrophilus X Blood and heart valves
H. parainfluenza V Respiratory tract

H. aegyptus can be differentiated from H. influenza because 1t is soluble in a 1% sclution
of sodium desoxycholate while H. influenza is inscluble in bile. All Haemophilus species except H.
ducreyi reduce nitrates to nitrites which also aids in differentiating from other bacteria species.

In clear gelatin or agar plates which use a peptic digest of sheep's blood as the growth
material with brain heart infusion or trypticase soy agar, H. influenza produces small, colerless,
mucold, opaque colonies. Under oblique light, they have an iridescent appearance which indicates
they are encapsulated. The nonencapsulated or avirulent strains appear as small, bluish,
transparent and nomindescent colonies in obhque light.

Growth and Production

The gram negative coccobacilli are very small, app. .2-3 #m x 1-1.5 w#m in length. When
using gram stain, carbol fuchsin (for 5 minutes) 15 normally used as the counterstain. In smooth
cultures and exudates, small regular forms dominate while in rough cultures and in healing
exudates pleomorphic forms are often seen. These range from coccoid {oval) to long filamentous
forms. In both broth cultures and cerebrospinal fluid, the long threadlike filamentous forms are the
most common. Some of the filaments can reach 30 #m or more in length. The ends of the cells are
usually rounded.

Haemophilus are nonmeotile, nonspornng and usually produces capsules. Pili are produced
by most H. influenza and these are responsible for hemagglutination of human type O erythrocytes
as well as aiding in adherence to pharyngeal tissues and aid in colonization.

H. ducrey: appear as minute gram negative bacilli which are often clustered intracellularly
in the cytoplasm of polymorphonuclear leukocytes while the extracellular bacteria form chains of
cells in a "boxcar" arrangement. These organisms can be difficult to culture and often require
5%-10% added CO2 while growing at 35 C for 1-2 days. Some fastidious strains require using
human serum or freshly clotted rabbits bleod in the specimens and incubating for 24 hours at 35 C
before inoculating lab media.
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Smear of Haemophilus influenza with Long filamentous forms of Haemophilus
z:;ub::ilﬁ? forms present with the ﬁi:?"‘ - - %
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Boxcar amu;gmnmt of H. ducreyi Dld, mucoid, growth (48 hour) on chocolate
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Growth around Staph streak

Close up of sattelite colonies diminishing  H. influenza type B on medium with
in size with distance from the Staph. treated blood. Large, mucoid (capsulated).
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Toxicity and Harm

Haemophilus species have been classified into serotypes based on capsular polysaccharides
with 6 types of Haemophilus influenza designated to date. The specific soluble substance 1s the
polysugar phosphate which are designated a through f. The serotype b 1s the predominant cause of
meningitis and respiratory infecticns and these strains appear to be resistant to the bactericidal
effect of complement and are not cleared from tissues in unimmumzed hosts. Other antigens are
shared by many of the species. In culture media, the smooth organism readily transforms by
mutation to the {often avirulent but still opportunistic) rough form which then lacks the specific
polysugar phosphate. These strains then become serologically diverse. These rough strains are
found in aver 50% of normal throats. These strains are often opportunists causing disease when
the respiratory tract is less resistant to invasion by bactena.

H. influenza can cause primary and secondary infections of varying severity and is often
associated with meningitis, chronic sinusitis, mastoiditis, and middle ear infections. Meningitis in
infant is associated with very high mortality rates. Those that survive the meningitis often have
neurological damage such as deafness, speech impairment and behavioral anomalies. It is known
that viral infections favor the development of Haemophilus infections and especially meningitis.
Subacute bacterial endocarditis also occurs as an occasional complication.

The cell substance of H. influenza is toxic as it is in many other bactena. Toxic substances
are produced in broth cultures, are filterable and appear in quantity after &-8 hours incubation.
These substances cause ciliostasis and epithelial cell damage. It 1s believed that the toxins may be
endotoxin and that exotoxin is not formed.

H. influenza is not normally pathogenic to lab animals but mice may be infected when
injected intraperitoneally with strains suspended in mucin. Only the capsulated strains resist the
bactericidal action of normal rabbits biood.

Protective Measures

Haemophilus species are killed at 56 C for 30 minutes and by drying. Most disinfectants
also kill them gquickly and the tetracycline's chloramphenicol and ampicillins are the most
frequently used drugs in treatment. These are used prophylactically at rest homes during influenza
outbreaks on those individuals most susceptible to infection.

Haemophilus are also susceptible to chilling and are killed by extended refrigeration.
Immunization with type b capsular polysaccharide results in bactenicidal and opsenic

activity from antibody response. This reduces the incidence of invasive disease, however children
under 18 months of age do not respond to the vaccine and do not acquire immunity or protection.

2-238




Advanced Biological Weapons Design and Manufacture

Incorporation into Weapons

All Haemophilus species are capable of causing infection and disease when they have
entered breaks in the skin, are inhaled or become involved in the eyes. In order to grow in these
tissues it is important that X and V factors from the boiled (and absorbed on a suitable dust
carrier for storage) blood and tryptic soy be incorporated for use in the final weapon. This insures
that the surrounding tissues will support the abundant growth of these bacteria.

Almost all cultures die off quickly so the organism must be continually subcultured on
chocolate agar or in broth. They may also be preserved by lyophilization or storage in an
ultrafreezer.

The best use of this organism in weapons design is in combination with multiple organism
in "cocktail" attacks. Animal moedels have been used for respiratory inoculation with resultant high
incidence of meningitis and empyema. The capsular strains resist phagocytosis and are the
preferred strains.
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Listeria

History and Recovery From Nature

L. monecytogenes 1s widely distributed in nature. It was first 1solated n separate ammal
outbreaks in 1926. It 15 part of the normal micrebial flora of healthy ferrets, chinchillas, ruminants,
foxes, gerbils and humans. It is frequently isolated from abortions in cattle and sheep. In rodents
and poultry it is often associated with necrotic hepatitis and myocarditis. It is also found in
sewage, fertilizers, decaying vegetation and soils and hves in the plant-soil environment. It has
been reportedly isolated from over 50 species of amimals {Welshimer) and primanly causes an
encephalitis when infecticus in nature. It 1s the most frequently isolated gram positive disease
causing bacili in many labs.

Listeriosis occurs in humans as conjunctivitis, cervicoglandular often with pharyngitis,
pneumonic with symptoms similar to typhoid fever, and cutaneous. It alse causes genital infection
with habitual abortion and perinatal infant septicemia. Epidemics with newborn infants occur with
some frequency. Septicemua and meningitis are the most common forms of the illness in older
humans who have decreased immunity and host resistance. Use of corticosteroids by the host
increases the mortality rate significantly. In cases where Listeria 1s disseminated throughout the
body vie the bloodstream it may involve the formation of multiple, focal, acute inflammatory
lesions or abscesses throughout the viscera.

It is a cause of meningoencephalitis in which exudate 1n the cerebrospinal fluid contains
moenomuclear or polymorphonuclear exudate with monocytosis. The disease 1s diagnosed by
isclation of the organisms from the spinal fluid. It is often assoctated with corticosteroid or
radiation therapy which indicates that a latent infection already exists and are activated by these
treatments. In untreated cases, the mortality reaches about 70%.

Humans can acquire the disease from infected dogs, ingestion of contaminated milk, or
infected meat. In the US, livestock and poultry are considered the prime reservoir of the
organism. Mortality of listeriosis {blood based) 15 42-50%

Recovery of Listeria in culture can be difficult due to contamination. A cold enrichment
technique 1s recommended in the literature where the collected specimens are refngerated at 4 C
for several days to several weeks prior to inoculation into lab media. [Cultures from sheep and
cattle brains must be refrigerated before inoculation for 1solation. | Thas 15 because the Listenia can
grow slowly at this temperature, thereby enriching the inoculum over other contaminants.

On sheep's blood at 35 C for 24 hours, the growth 1s usually light but if incubated with
5-10% CO2, or anaercbically their is improved growth. Colomes are small, translucent, and gray
with most strains producing a narrow zone of beta hemolysis around the colomes which is similar
to that of beta hemolytic Streptococci. L. monocytogenes is never alpha-hemolytic and does not
form a white pigment which helps differentiate the colonies from other gram positive bacith,
Occasionally, elongated filaments are seen in cultures grown in sclid media at room temperature.
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L. menocytogenes 1s catalase positive, 15 most motile at 25 C, will grow at 4 C slowly, has
a narrow zone of beta hemolysis on blood agar, and ferments glucose, trehalose, and salacin. Acid
1s produced without gas with glucese, maltose and other sugars. It hydrelyses esculin and 1s H2S
negative. The catalase test 1s accomplished by adding a few drops of 3% hydrogen peroxide to
colonies isolated on heart infusion agar. It produces catalase while Streptococci do not.

Growth and Production

Listeria are short {2 x .5 wm), gram positive coccobacillary rods appearing in pairs at an
acute angle end to end to one another. Diplobacilli may occur in short chains and in smears they
can be found both intra and extra cellularly. They are non-encapsulated, do not form spores, and
lose their gram positivity almost entirely in cultures older than 48 hours and may even appear
gram negative. If the gram stain is overdecolerized, the cells may appear gram negative and can
be confused with Haemophilus. 1n other smears, they may assume the pleomorphic, palisade
forms of diptheroids. In older and in rough culture colonies they may form filaments 6-20 w#m in
length.

In broth cultures grown at 37 C they are mildly motile or sluggish but when grown at 25 C
for 6 hours, they display a characteristic tumbling or "head over heels" motility. This motility alsc
provides one of the simplest way of identifying the organism and differentiating 1t from other gram
positive rods like Corynebacterium. In semisolid agar this motility can be seen as an umbrella
shape growing inte the medium below the colony for 2-5 mm. The organism exhibits up to four
flagella when incubated at 25 C but usually has only a single flagellum at 37 C. They grow well on
ordinary media at 37 C but show enhanced growth when liver extract, blood, serum, or glucose
are added.

Colonies appear early con as tiny droplet-like forms and reach 2 mm in diameter in 2-3
days. They become smooth, transparent and then finally opaque while becoming larger with raised
edges. A small zone of beta-hemolysis may be seen on blood agar. Gelatin 1s not liquefied and 1s
useful for growing this organism at the cooler temperatures. In stab cultures, growth occurs
evenly along the length of the stab. On MacConkey agar there 1s very light growth and on media
with tellurite added, the colonies are small, black and glistening with a zone of green color
surrounding 1t. On clear tryptose agar the colonies have a blue-green color in oblique light.

Listeria can also grow at high pH {(©.6) and at 10% sodium chloride making it easy to
isclate using these characteristics as well. Growth is slow in the absence of fermentable
carbohydrates and may not occur at all if the inoculum is small.
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(Gram positive L.. monocytogenes On blood agar, tiny pinpoint colonies
with small zones of beta hemolysis
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Colomes are transclucent, bluish-grey After intrapentoneal ijjection into a mouse,
and 1.5 mm in 24 hours. The large from a 24 hour broth culture, necrotic foc
opaque colonies are S. aureus are seen on the hver. Larger and more

numerous lesions are seen on the spleen 4
days after infection

Toxicity and Harm

There are four major serological groups based on their O and H antigens. Type 1b
accounts for most of the disease causing strains recovered

Tests for pathogenicity is performed by adding a drop of a 24 hour broth culture into the
conjunctival sac of a young rabbit or guinea pig. The opposite eye will serve as an uninoculated
control. L. monocytogenes produces a severe purulent conjunctivitis within 24-36 hours. It also
produces monocytosis when injected into the blood

It is not toxic to rats and pigeons and in chick embryos will produce focal lesions of the
chono-allantoic membrane
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Listeria does not produce a classic exotoxin. What it does produce is a substance or
combination of substances from culture filtrates that have been described as -

1. MPA-menocytosis producing agent which, when injected into young rabbits produced a
circulating menocytosis similar to that seen in Listeria infections in rodents and birds. It i1s directly
associated with virulence of the strain and species.

2. A protein substance from glycine lysed Listenia that was not toxic by itself but had
infection potentiating properties called MEF {mortality enhancing factor). It was a heat stable cell
disruption product which enhanced the mortality rates of Listeria, Brucella, Proteus,
Streptococcus, and Staphylococcus when injected into expenmental animals.

3. A highly toxic polysaccharide fraction is obtained from live Listeria cells using absolute
alcohol, sodium acetate, and acetic acid.

4. Mechanically disrupted cells yvielded a protein fraction that produces disturbances in
electrocardiograph tracings, increased respiration rates and changes in bloed sugars as well as
circulating monocytosis when given intravenocusly to rabbits.

5. A soluble hemolysin that in early reports did not have any classic toxic properties when
injected mto test animals. 1t was believed that it may function as an accessory factor in the
invasiveness of the organism. Since then it has been shown to be very toxic te mice and has a
leucocidin effect, disrupts lysosomes, and affects cardiac tissue.

Peak production of hemolysin was at 18 days in soy broth culture at 20 C. Peak levels at
37 C are reached in 24-48 hours. 100% of the hemolytic activity is precipitated at 60%
ammonium sulfate concentration. The lysin is non-dialysable, heat-labile, inactivated by trypsin, is
sensitive to oxygen and is antigenic. It appears to be enzymatic in nature. Strains of Listeria that
produce high levels of this hemolysin and are most virulent produce an opacity in egg yolk broth.
This suggests that the lysin 1s a lecithinase.

The cardiac disruption ability of the hemolysin in mince indicates that it can cause
ventricular standstill and atrial fibrillaticn at low doses making it a potent "heart attack” weapon.
In sublethal doses, cardiac injury was notable, especially to the pacemaker and contractile tissues.

Antiphagocytic factors are also present in the cell wall of Listeria which aids in its ability
toc ward off the host defenses. An endotexin hike material has also been finally identified (with

difficulty) that is similar to the LPS endotoxins. It is located on the surface of the organism and is
highly lethal to rabbits.

All of the above indicates that the toxins act to mcrease the invasiveness of Listeria and
other organism, and affects a wide range of tissues. In addition, ali the virulence and toxic factors
may be restored or enhanced by passage through susceptible animals.
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Freshly 1solated smooth colonies are always the most virulent and this virulence can be
easily lost in artificial culture requiring passage through a mouse or rabbit for maximum return to
effectiveness.

Protective Measures

Mortality rates due to Listena infections is greatly reduced by treatment with ampicillin,
penicillin, erythromycin and tetracyclines. It is usually resistant to sulfonamides, bacitracin, and
polymixin making "Neosporin” added to a media surface as another way of isolating it as well

High doses of antibiotics are necessary for septicemia and meningitis.

Incerporation into Weapons

Listeria s a useful weapon that can attack unprotected eyes as well as imitiating high
moertality rate inhalation disease. It is a good addition to "cocktail” inhalaticn and dermal based
weapons and 1s best used in cold, winter weather.

The production and concentration of the various toxins and infection enhancing substances
make this organism valuable as a weapon. Its by products will improve the infectability of almost
any other organism and can cause direct cardiac damage and death by itself. This organism and its
production preducts may be able to significantly enhance virtually every class of bic weapons by
all exposure routes.
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Brucella

History and Recovery From Nature

The first Brucella organisms were first isolated in 1887 by Sir David Bruce for whom it 1s
named. The organisms were recovered from the spleen in fatal cases and were traced to goats
which transmitted them to peasants and visitors to Malta who drank the goats milk. The disease
became known as Malta fever, an undulant fever caused by B. melitensis. Undulant fever in man is
a chronic, relapsing febrile 1llness. It is charactenized by weight loss, anorexia, night sweats, and
development of granulomatous inflammation of various tissues and bone. Three species of
Brucella that originate in animals all cause this fever in humans.

The organism is endemic in and around the Mediterranean and its 1slands. A large number
of goats, sheep herding dogs, and other animals provide a solid reserveir. The brucella enter the
body via ingestion, through abraded skin surfaces, the eyes, and the respiratory tract. They enter
the blood stream via the regional lymphatics and localize in various tissues throughout the body.
Pregnant goats are very susceptible to Brucella and shed the organism in its milk and urine. A
generalized bacteremia lasts about one month and then becomes localized 1n the udder and uterus
where the organism can persist for months to several years.

B. suis 1s found 1n swine and s responsible for epidemic abortions in this species. The
aborted fetuses and placenta are the primary source for recovery of the organism. It 1s virulent to
man but is less harmful in 1ts effects than B. melitensis. B. canis 15 found in about 9% of stray dogs
and occasionally will infect humans. In Alaska, reindeer serve as a host to Brucella, rabbits,
waterfowl, wood rats, and lab animals have also been found to carry the organism.

The organisms are intracellular parasites and are partially protected from cellular and
immunological defenses as well as antibiotics. For this reason it tends to cause chronic infections.
They are the cause of epizootic abortions in cattle, hogs and goats and affect virtually every organ
and tissue. The organism can be recovered from bone marrow and various affected tissues, usually
associated with the reticulo-endothehal system, and in the fist two weeks of infection are
recovered from the blood. The substance erythritol {an alcohol) stimulates the growth of virulent
Brucella and is found in the placental tissue of animals which accounts for large organmism growth

and abortions. Human placenta do not contain erythntol and do not experience the abortion
aspect of the disease.

All Brucella species are strict aerobes growing best at a pH of 6.8 to 7.2 and at 37 C. All
grow well on simple media but some species require added CO2 for 1sclation or best growth.
Brucella grown on blood agar are round, semispherical, smooth, and opaque with a white or dull
creamy colored hue. The colonies reach 2-4 mm in 24 hours with larger growth on enriched
media. Adding serum, liver extracts, yeast hydrolysates, or whole rabbits blood in meat infusions
will increase isolation and recovery of the crganisms.
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Bovine fetus showing B. abortus
It resists decolonzation with weak
acid
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Toxicity and Harm

Brucella on serum dextrose agar
appearing small and blue

rtus (top nght) grows only
fuchsin impregnated serum dextrose agar.

B. suis shows no growth while B. melitensis
grows on both fuchsin and thionin

l

Humans are very susceptible to Brucellosis. Most infections are subclinical with brucellar
agglutinins in the blood of many individuals. There are three phases of Brucellosis, acute,

subacute, and chromc.

The acute form has an incubation period of 4-30 days and the classic undulating fever 1s
rare in North America. The symptoms are usually mild (in all phases) but can be disabling because
ofd their persistence. Local and focal lesions may appear in the skin, mouth and lung tissues. Rare
cases of abortion and pulmonary infection are also known. The acute phase is self imiting within
1-3 months. During the second and third weeks, cultures are most likely recovered that can be

positive

The subacute phase can be more or less severe and last for several months. When it lasts
for over a year it is considered chronic and in some cases has persisted for 20 years,
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A thermo-labile protein with cytotoxic properties can be extracted from B. melitensis
using trichloracetic acid. It also acts as a mild neurotexin. The cell envelope also contains an LPS
in smooth virulent colonies that 1s also toxic to the host. Rough colonies are generally avirulent
although these strains are capable of intracellular growth. A change of smooth to rough forms in
culture usually means a loss of virulence due to the loss of O antigen side chains in the cell
envelope. This 1s due to alanine metabolism in which the S form produces it until 1t reaches toxic
concentrations and then the rough alanine resistant form begins to overgrow the original cells.
Oxygen tension also contributes to this conversion.

Lab amimals can be infected with the guinea pig being the most susceptible to small
mocula. The animal usually recovers from the infection but B. melitensis may be fatal in 6-3
weeks. The lymph nodes are swollen and the spleen may be greatly enlarged and engorged with
necrosis seen on the spleen and liver from which the organisms may be recovered and cuitured.

Protective Measures

Brucella generally are sensitive to antibiotics but the imitial doses must be kept small
because the orgamism releases an endotoxin that causes severe reactions on death. The cells are
also located intracellularly which often protects them from antibiotics. As a result, prolonged
antibiotic therapy 1s usualily required. Sulfonamides, streptomycin, tetracycline's and
chloramphenicol have been the drugs of choice for most strains and rifampin has recently been
found to be very effective.

Pasteurizaticn at 60 C of all dairy products and chlorninating water can help prevent
Brucellosis. They are moderately sensitive to acid and die out in a few days in cheese undergoing
lactic acid fermentation. They survive for several days in butter made from infected mulk. Most
herds in the US have been rendered Brucella free from rigid government controls but a large
reservoir of wild animals carry it.

Brucella are sensitive to direct sunlight and areas can be sterilized with ultraviolet light.

Human resistance 1o Brucellosis i1s cell mediated in a manner simuilar to that of
tuberculosis. The immune response does not seem to fight off the infection well once it is
established but does offer some protection against acquiring it in the future. Killed vaccines that
have been tested produce antibodies but do not protect against the disease.
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Incorporation into Weapons

Brucella is one of the most easiiy acquired infectious organisms. Only a few cells are
required to initiate disease and a single culture plate converted to aerosol can kiterally infect
millions. It 1s possible to infect by all exposure routes making it one of the most potent weapons

available. Although usually not lethal, it can incapacitate significant fractions of cities, armies and
nations when high infective doses are used.

They survive well on dust carriers (and in soil) and have been recovered from dead fecal
material after 2-3 months.

The disease was very costly to the British in both world wars with tens of thousands of
man hours lost due to its effects on soldiers on the 1sland of Malta. The morbidity was well
documented and many physicians were brought together on Malta to form a commussion to aid in

its control. Its mortality rate in untreated cases was only 2-3% but its ability to incapacitate an
entire army for months 1s well documented.

In about 10% of patients it has also been noted that neurological and psychiatric disorders
occur which adds to its effectiveness as a long term weapon of war.
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