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ICINDEKILER

Vibrio Infections in Fish and Their Situation in Our
COUNTIY i 1

Cagatay NUHAY, Deha Ali DENIZ

Biyoterdrizm Riskleri ve Biyolojik Ajanlar ..................... 25
Derya KARATAS YENI, Muhammed Can GOKMEN



"Bu kitapta yer alan boliimlerde kullanilan kaynaklarin, goriislerin,
bulgularin, sonuglarn, tablo, sekil, resim ve her tiirlii icerigin
sorumlulugu yazar veya yazarlarina ait olup ulusal ve uluslararast
telif haklarina konu olabilecek mali ve hukuki sorumluluk da
yazarlara aittir."
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VIBRIO INFECTIONS IN FISH AND THEIR
SITUATION IN OUR COUNTRY

Cagatay NUHAY!
Deha Ali DENiZ?2

1. INTRODUCTION

Vibriosis is the most common disease affecting both
natural and cultured marine fish and also freshwater species. First
observed as 'red plague' in eels, the disease has been known by
various names, such as ‘hemorrhagic septicemia’ and 'saltwater
furunculosis,’ though the term vibriosis remains prevalent (Austin
and Austin, 1987). It causes significant economic losses in
aquaculture by triggering mass mortalities in marine fish,
crustaceans, and bivalves, largely due to the production of
virulence factors (e.g., toxins, enzymes) by different Vibrio
species (Sarjito et al., 2009; Austin and Austin, 1999). These
pathogens, including V. anguillarum, V. alginolyticus, V. cholera,
and others, are isolated from a wide range of marine and
freshwater species, particularly during warm, shallow water
conditions (Timur and Timur, 2003). Major Mediterranean
countries Greece, Turkiye, and Spain play key roles in sea bream
and sea bass production, with Turkiye ranking second globally.
In Tlrkiye, apart from dominant trout farming, marine fish such
as sea bream and sea bass are crucial, especially in the Aegean
region (TUIK, 2019). High stocking densities and environmental
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stress increase fish cortisol levels, weaken immune responses,

and heighten susceptibility to diseases like vibriosis (Cagirgan et
al., 1993; FAO, 2012).

2. GENERAL INFORMATION

The Vibrio bacterium was first isolated from eels in 1718
and identified as Bacterium anguillarum by Canestrini in 1893,
later renamed Vibrio anguillarum in 1909. Although ribosomal
RNA studies later suggested reclassification of some strains
(MacDonell et al., 1985), the name Vibrio remains standard
(Austin and Austin, 1987). Vibriosis was reported in America in
1953 with V. anguillarum isolated from chum salmon, and it has
since been associated with losses in nearly 50 fish species
worldwide (Toranzo and Barja, 1990). Vibrio species are Gram-
negative, motile, slightly curved bacilli that grow optimally in 1-
3% salt water at 25-30 °C, but they can also proliferate in fresh
water at lower temperatures, causing disease (Yaman et al., 2003;
Noga, 2010). The disease, first recorded as the “red plague” in
Europe, now encompasses several agents such as V. anguillarum,
V. ordalii, V. alginolyticus, and others (Schiewe et al., 1981;
Austin and Austin, 2012).

3. EPIZOOTIOLOGY AND PATHOGENICITY
OF VIBROSIS

The exact onset of vibriosis in fish is unclear, but it
appears that the pathogen multiplies in the posterior
gastrointestinal tract before invading internal organs. Maximum
intestinal colonization occurs within 100 minutes (Austin and
Austin, 1987; Yaman et al.,, 2003). Although over twenty
serotypes of V. anguillarum exist, only serotypes O1, O2, and O3
are associated with disease in cod, salmonids, sea bass, eels, and



Veteriner Mikrobiyolojisi Konulart

trout; in our country, sea bass isolates are mainly O1 (Grisez and
Ollevier, 1995; Pedersen et al., 1999; Noga, 2010; Toranzo and
Barja, 1990; Korun and Timur, 2008; Cagirgan, 2004).

V. anguillarum is part of the normal marine flora, with its
numbers rising in summer and falling in winter, and it can survive
in seawater for over 50 months. It is also present in the normal
intestinal flora of marine fish (Austin and Austin, 1987).

The intestinal microflora of sea bass larvae varies with
diet. Larvae fed rotifers harbor V. anguillarum and V. tubiashii,
while those fed brine shrimp contain other species. Notably, V.
anguillarum becomes dominant in rotifer-fed larvae at the end of
their cycle, leading to disease (Grisez et al., 1997).

The interplay of environment, pathogen, and host is key
in fish disease outbreaks. Vibrio adhesion and infectivity depend
on temperature and salinity, with minimal adhesion at 4 °C and
0.10% salinity, and optimal adhesion at 25 °C. Fish mucus can
inhibit these pathogens; for instance, V. anguillarum is virulent at
25 °C but not at 15 °C for most species (Yaman et al., 2003).

Outbreaks typically occur during hot summer months
when temperatures exceed 10 °C, oxygen levels drop, and fish
experience stress from overcrowding and poor hygiene, though
cases also occur in waters at 1-4 °C. The pathogen infects via the
skin, gills, and anus (Austin and Austin, 1987).

The pathogenic mechanism likely involves both exotoxins
and endotoxins. For example, injecting 24-hour culture
supernatant of V. anguillarum into goldfish resulted in over 70%
mortality, and endotoxin injections produced hemorrhagic lesions
in Chinook salmon.

In red sea bream, co-exposure to V. alginolyticus and
rotifers increased mortality, while adding Chlorella reduced



Veteriner Mikrobiyolojisi Konulart

deaths; when all three were present, rotifers consumed Chlorella,
enhancing V. alginolyticus proliferation (Yaman et al., 2003).

Vibriosis is primarily waterborne, with the pathogen
entering through the skin, fins, anus, and gills particularly via the
skin and anis though oral transmission is possible. Outbreaks
have been linked to feeding contaminated, unheated waste fish
and seafood, which can also trigger other oral epidemics
(Cagirgan, 1993).

4. CLINICAL SYMPTOMS OF VIBRIOSIS AND
AUTOPSY FINDINGS

Vibriosis in marine fish, whether cultured or wild, is often
triggered by stress or trauma (Timur and Timur, 2003). In
peracute cases, particularly in young fish, high mortality occurs
with minimal signs beyond anorexia and darkened skin. The acute
phase shows congestion, hemorrhage, and red bloody lesions
around the anus and fin bases, with necropsies revealing
hyperemia, hemorrhage, and edema of internal organs. In chronic
cases, large muscle lesions, pale gills, and fibrinous adhesions
indicate severe anemia, while subepidermal necrotic spots may
ulcerate into hemorrhagic lesions.

V. anguillarum infection typically presents as skin
discoloration, red necrotic lesions on abdominal muscles, and red
spots near the fins, anus, and inside the mouth. Affected fish often
show enlarged, disintegrated spleen and kidneys, petechial
bleeding, a distended digestive tract filled with clear sticky fluid,
and exophthalmos, resulting in inactivity and feeding cessation
(Timur and Timur, 2003).

Histologically, early bacteremia is noted along with
edema, anemia, and lesions in connective tissues, gills, kidney,
liver, and the gastrointestinal tract. In adults, both acute and
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chronic stages are marked by dark, ulcerated skin, deep muscle
lesions, and pallor of the gills due to anemia. Fibrinous adhesions
in the peritoneum and opaque, blood-covered eyes may also be
observed.

V. alginolyticus, identified in sea bream from Israel, acts
as an opportunistic pathogen on damaged tissues, while in Spain,
infections by V. anguillarum, V. alginolyticus, V. harveyi and V.
splendidus typically lead to septicemia in sea bream. Affected
fish become sluggish, display darkened skin with scale loss and
ulceration, and exhibit hyperemia in organs such as the liver and
intestinal capillaries (Timur and Timur, 2003).

Cold water vibriosis (Hitra disease) in Atlantic salmon,
caused by V. salmonicida emerged in Norway in 1979 and now
affects nearly all salmon farms there, as well as cases in Canada
and Scotland. It manifests as generalized hemorrhagic septicemia
with external abdominal hemorrhages, internal bleeding in
organs, and early signs such as loss of appetite and erratic
swimming (Austin and Austin, 1999; Timur and Timur, 2003).

Other species, such as V. cholerae (non-O1), isolated from
wild ayu and goldfish, cause petechial hemorrhages and bloody
organs with temperature-dependent mortality in experimental
infections (Austin and Austin, 1987; Noga, 2010). Similarly, V.
ordalii previously known as V. anguillarum biotype 2 causes
hemorrhagic septicemia with clinical findings similar to V.
anguillarum (Austin and Austin, 1987; Noga, 2010).

V. vulnificus, identified in eels from Japan (1975-1977),
causes bleeding and pathological changes in multiple organs,
though it is distinguishable microscopically from classical
vibriosis; notably, its biogroup 1 is not a fish pathogen (Austin
and Austin, 1987; Noga, 2010).

V. parahaemolyticus has been implicated in severe disease
in tropical fish like grouper and yellow croaker, though its role
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remains controversial, and it is also recognized as a zoonotic
agent (Austin and Austin, 1999; Cagirgan, 1993).

V. harveyi (formerly V. carchariae) causes eye lesions,
skin ulcers, and systemic infections. Initially isolated from sharks
in Baltimore, it has since been found in various marine species
across the USA, Japan, and Europe, leading to symptoms such as
lethargy, anorexia, vasculitis, and internal organ damage (Austin
and Austin, 1987).

In summary, general autopsy findings in vibriosis include
hemorrhagic ulceration, dark spots on the operculum and back,
and internal signs such as pallor from anemia, hemorrhage, and
ascites in visceral organs, with the spleen typically pale and liver
color varying from grey-brown to yellow (Timur and Timur,
2003).

5. ISOLATION AND AFFECTIVE PROPERTIES
OF VIBRIO

Infected fish tissues are cultured on media like TSA, NA,
BHIA, and SWA with 0.5-3.5% NaCl, incubated for at least 7
days at 15 °C (Austin and Austin, 1987). Vibrio species are Gram-
negative, motile, curved bacilli (0.5-0.8 um) that grow best at 20—
30 °C but can cause disease in freshwater at 1-4 °C (Noga, 2010;
Actis et al., 2011; Austin and Austin, 1987).

V. anguillarum, a halophilic member of the Vibrionaceae,
is a Gram-negative, curved rod with a single polar flagellum
(~0.5 um) that forms round, smooth, cream colonies on TSA and
BHIA with 1.5% NaCl (Austin and Austin, 1987; Timur and
Timur, 2003). It is positive for cytochrome oxidase, catalase,
ONPG, indole, nitrate, gelatin, amylase, arginine dihydrolase, and
several carbohydrate fermentations, while tests such as
luminescence, urea, and various decarboxylase assays are
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negative. Consistent features include sensitivity to O/129, yellow-
green colonies on TCBS, yellow color on VAM medium, and
growth at 37 °C in 3-5% NaCl; serotype O1 often tests positive
for arabinose (Toranzo and Barja, 1990). Notably, ayu fish
isolates in Japan may show O/129 resistance with a MIC of 1-
5 pg/ml (Yaman et al., 2003).

V. harveyi is a smooth rod positive for cytochrome
oxidase, catalase, indole, MR, nitrate, amylase, lysine
decarboxylase, and fermentation of maltose, glucose, and
mannose; it is generally negative for esculin, arginine
dehydrolase, and gas from glucose, inositol, xylose, rhamnose,
and melibiose. Results for other tests vary, and its susceptibility
to O/129 differs among strains. Some studies note positive lysine
and ornithine decarboxylase while others report resistance in
certain isolates from sole fish, though strains from garfish,
shrimp, and cultured juveniles are sensitive to O/129 and form
characteristic colonies on TCBS and VAM media (Gdralp, 2012;
Liu et al., 2004; Gomez-Gil et al., 2004; Lopez et al., 2009).

V. alginolyticus is very similar to V. harveyi but is
differentiated by a positive VP test and glucuronate fermentation.
It exhibits spreading growth on MSA-B at 25 °C, can grow at
42 °C, and is negative for glucuronate and urea tests, unlike V.
harveyi (Guralp, 2012).

V. ordalii is isolated on TSA and TCBS at 15-25 °C,
forming small (1-2 mm), circular, convex white colonies on
SWA after 4—6 days at 22 °C, requiring 0.5-3% NaCl (Austin and
Austin, 1987).

V. cholerae non-O1 is a Gram-negative, motile rod with a
single polar flagellum that grows in 0-6% NaCl at pH 7-10 and
10-42 °C. It is hemolytic on blood agar, and differentiated from
human-pathogenic V. cholerae by negative ornithine
decarboxylase and mannose tests (Austin and Austin, 1987).
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V. vulnificus, first reported as V. anguillarum type B in
Japanese eel diseases (1975-1977), is a lactose-fermenting
biotype that grows on TSA and SWA with 0.5-5% NaCl at 20-
37 °C but not at 5 °C or 42 °C (Austin and Austin, 1987).

V. parahaemolyticus is Gram-negative, motile, oxidase
and catalase positive, and halophilic. It does not grow without salt
or in 10% salt. On TSA and TCBS with 3% NacCl, colonies form
within 24-48 hours at 25°C (appearing green on TCBS). It
produces acid from glucose but not from lactose, is indole
positive, and negative for VP, H.S, citrate, and urea; it hemolyzes
erythrocytes from eels and yellowtail (Alcaide et al., 1999).

V. splendidus is a Gram-negative, motile, fermentative
bacterium positive for MR, catalase, and oxidase, but negative for
indole, VP, HaS, chitin, and gelatin tests. It is sensitive to O/129
and grows at 3% NaCl and 37 °C, but not at 0% or 7% NaCl.
Colonies from sea bream and turbot appear on TSA and TCBS
with 2% NaCl after 48 hours at 22 °C, and its DNA G+C content
is 45.7-47.8 mol% (Austin and Austin, 1999; Austin and Austin,
2007).

6. MOLECULARITY OF VIBRIOSIS
IDENTIFICATION BY METHODS

Genomic DNA isolation is the process of separating DNA
from cellular components. DNA and RNA are polymers
composed of nucleotides, which consist of a sugar, a nitrogenous
base, and a phosphate group. DNA isolation typically begins with
the disruption of the cell wall using physical or chemical agents
such as SDS or lysozyme, facilitating the release of high-
molecular-weight DNA. DNA-protein complexes are then
denatured using enzymatic or chemical methods, often through
phenol extraction. In the final step, DNA is purified by
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precipitation with ethanol or isopropanol (Newton & Graham,
1994; Kornberg & Baker, 2005; Temizkan et al., 2008).

Polymerase chain reaction (PCR) is a technique used to
amplify specific DNA regions using a thermostable polymerase
and two primers. The process consists of three main steps:
denaturation at approximately 94°C, primer annealing at a
specific temperature, and elongation at 72°C. Various PCR-based
techniques, such as randomly amplified polymorphic DNA
(RAPD), PCR-restriction fragment length polymorphism (PCR-
RFLP), amplified fragment length polymorphism (AFLP), real-
time PCR, and reverse transcription PCR (RT-PCR), are widely
employed in pathogen detection, including those affecting fish.
The essential components of PCR include genomic DNA,
synthetic primers, deoxynucleotide triphosphates (dNTPs), Taq
polymerase, and an appropriate buffer (Newton & Graham, 1994;
McPherson & Magaller, 2006; Pelt-Verkuil et al., 2008; Altinok &
Kurt, 2003).

Agarose gel electrophoresis is a method used to separate
DNA fragments based on their size as they migrate through an
agarose gel under an electric field. DNA samples are mixed with
a buffer and fluorescent dye, such as ethidium bromide, and
loaded into wells in the gel. The migration rate of DNA fragments
depends on their size, and the results can be visualized under
ultraviolet (UV) light. Horizontal agarose gel systems are
commonly used for nucleic acid purification (Temizkan et al.,
2008).

16S rRNA and DNA sequencing analysis are widely
applied in bacterial phylogenetic studies. Traditional
morphological methods often fail to distinguish bacterial species
accurately, necessitating molecular approaches based on
ribosomal RNA (rRNA) gene sequencing, particularly 5S, 16S,
and 23S rRNA genes. The 16S rRNA gene is frequently used for
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PCR-based diagnosis and species identification due to its
conserved and variable regions, allowing comparisons with
GenBank databases. The Sanger (dideoxy) sequencing method
remains a commonly used approach despite its cost (Martinez-
Picado et al., 1994; Bader & Shott, 1998; Kiran & Osmanagaoglu,
2011; Sanger et al., 1977; Jayasankar, 1998). For example, 24-
base probes designed from the 16S rRNA of Vibrio anguillarum
enable precise detection. However, 16S rRNA analysis alone may
be insufficient for differentiating closely related species, such as
Vibrio harveyi and Vibrio alginolyticus. In such cases, additional
methods like DNA-DNA hybridization are required (Gomez-Gil
et al., 2004; Pedersen et al., 1998; Liu et al., 2004; Lopez et al.,
2009).

7. VIBRIOSIS CONTROL AND VACCINE
APPLICATIONS

Effective control of vibriosis relies on maintaining good
water quality, proper nutrition, and low stocking densities; when
these are inadequate, outbreaks are more likely (Timur and
Timur, 2003). Treatment typically employs antimicrobial agents,
chemotherapeutics, and disinfectants. Chemotherapy may be
given orally, by bath, or injection though oral routes may be less
effective in anorexic fish so high-dose treatments are
recommended at onset and for 3-5 days after symptoms subside
(Cagirgan et al., 1996).

For example, sulfamerazine is used at 200 mg/kg and
oxytetracycline at 50-75mg/kg for 10 days, while other
antibiotics (trimethoprim, pyromidic acid, furanace, halquinol)
have also been applied (Bullock, 1987). Some isolates show
resistance to agents like O/129 and trimethoprim, indicating
possible plasmid-mediated resistance (Austin and Austin, 1987;
Jun et al, 1999). Studies in Tirkiye report that V.

10
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parahaemolyticus from sea bass are 100% resistant to ampicillin
but sensitive to sulfamethoxazole, oxolinic acid, enrofloxacin,
and trimethoprim-sulfamethoxazole (Balta and Yilmaz, 2019),
and similar findings suggest florfenicol or trimethoprim-
sulfamethoxazole are effective for rainbow trout (Onuk et al.,
2018).

In addition to antibiotics, chemical baths (e.g., a 1/10,000
dilution of potassium dichromate for 1 hour) help eliminate
bacteria and some parasites, accelerating wound healing.
Common bath treatments include formalin, malachite green, and
copper sulfate with the caveat that formalin is avoided in fish with
gill damage, malachite green is ineffective against bacteria, and
copper sulfate may worsen vibriosis in trout and eels. In advanced
disease or poor water conditions, chemotherapeutics and
immunostimulants (like vitamin complexes) are advised (Yaman
et al., 2003; Onuk and Diker, 2006).

Vaccination is now a key control measure, although
vaccine strains must match local antigenic profiles. Both
monovalent and bivalent vaccines (targeting V. anguillarum and
V. ordalii) have shown success (Austin and Austin, 1987).
Vaccines can be delivered by bath, injection, spray, oral, or anal
routes. While oral vaccination is less stressful, injections offer the
best protection despite higher costs and stress (Horne et al., 1982;
Cagirgan, 1993). The first effective fish vibriosis vaccines
emerged in 1991 (Myhr et al., 1991) with further formulations for
L. anguillarum reported in 1998 (Gravningen et al., 1998). Today,
licensed vaccines for serotypes O1, 02a, and 02f are available,
and although most commercial vaccines are administered by bath
(Dec et al.,, 1990), prolonged oral vaccination has not
significantly extended immunity compared to injection or
immersion. Co-administration of vitamin complexes with
chemotherapeutics can also boost fish resistance (Candan, 1999).

11



Veteriner Mikrobiyolojisi Konulart

8. CONCLUSION

Although many studies on fish disease causative factors
exist both in Turkiye and worldwide, there remains a shortage of
studies on treatment options. Inadequate standardization in
antibiotic usage and interpretation of susceptibility data have
contributed to treatment failures. As aquaculture becomes
increasingly important in meeting global protein needs, the
inability to effectively prevent widespread, mass-death diseases
largely due to antibiotic resistance remains a major challenge.

Numerous studies have demonstrated that
aquaculture producers often misuse antibiotics, with insufficient
regulation and monitoring negatively affecting consumer health.
Consequently, selecting the appropriate antibacterial agents is
critical.  Furthermore, some fish pathogens (e.g., V.
parahaemolyticus, V. alginolyticus, and V. vulnificus) are
zoonotic, underscoring the importance of proper disease
management to protect public health (Austin and Austin, 1999).

12
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BiYOTERORIZM RISKLERIi VE BiYOLOJIiK
AJANLAR

Derya KARATAS YENI!
Muhammed Can GOKMEN?

1. GIRIS

Biyoterorizm, bakteri, mantar, virlis veya biyolojik
toksinler  kullanilarak  insan, hayvan veya  bitkileri
etkisizlestirmeyi ya da oldiirmeyi amacglayan bir terimdir. Bu
nedenle ‘mikrop savasi’ olarak da adlandirilmaktadir (Wheelis &
Rézsa, 2009). Bu savas tiirii, hastalik ve 6liimden de 6te, korku,
panik ve fel¢ edici bir belirsizlige yol acarak sosyal ve ekonomik
faaliyetleri sekteye ugratmayi, hiikiimet otoritesini ¢okertmeyi ve
askeri miidahaleleri zayiflatmayr hedeflemektedir. Biyolojik
silahlarin iiretimi nispeten kolaydir ve potansiyel olarak ciddi
kitleleri etkileyebilme potansiyeli mevcuttur (Bray, 2003).

Modern mikrobiyolojinin temellerinin atilmasi ile
biyolojik silahlarin potansiyeli daha net anlasilmistir.
Biyoteknoloji ve sentetik biyoloji alanlarinda yasanan gelismeler
aymi sekilde nispeten daha basit ve ucuz yollarla daha 6liimciil
mikroorganizmalarin iiretilmesini maalesef miimkiin kilmistir
(Friedman, Rager-Zisman, Bibi, & Keynan, 2010). Tarihin yakin
zamanlarinda Bacillus anthracis, Salmonella Typhimurium,
Burkholderia mallei ve Smallpox gibi biyolojik ajanlar cesitli
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savaglarda ve teror saldirilarinda kullanildig: bildirilmistir (Ali,
2001; Clark & Pazdernik, 2015; Khakhum, Tapia, & Torres,
2019).

Savaglarda biyolojik ajanlarin silah olarak kullaniminin
potansiyel tehlikeleri {izerine, biyolojik silah kullanimini
kisitlayan  ‘Biyolojik Silahlar Sozlesmesi® birgok devlet
tarafindan imzalanmigtir (Huigang, Menghui, Xiaoli, Cui, &
Zhiming, 2022). Biyolojik ajanlarin silah olarak kullaniminin
sozlesmeler ve protokoller ile kisitlanamayacagi
diistintildiiglinde, bu saldirilara kars1 hazirlikli olmak gerekliligi
asikardir.

2. TARIHCE

Pislik, kot koku, ¢iirime ile “hastalik” ve “bulagma”
arasindaki baglanti, mikrobiyal diinyanin kesfinden ¢ok daha
once kurulmustur. Pisligin, kadavralarin, insan ve hayvan
leslerinin silah olarak kullanimi da bu iliskiye dayandirilmistir
(Christopher, Cieslak, Pavlin, & Eitzen, 1997). Bunun ilk
orneklerinden birisi de Yunanlilar’in MO 300 yilinda
diismanlarinin kuyularini ve i¢cme suyu kaynaklarini hayvan
cesetleriyle kirletmesidir (Poupard & Miller, 1992). MS 14.
Yiizyilda gergeklesen Kefe (Feodosya) savasidir. Kefe sehrinin
kusatmasi sirasinda, Tatar ordusunda veba salgini yayilmistir.
Vebadan 6len Tatar askerlerinin mancinikla diisman kalesi i¢ine
atilmasi savasta doniim noktasi olmustur (Wheelis, 2002).

Yakin Caga gelindiginde, biyolojik ajanlarin bir savas
silah1 olarak kullanimmin ilk Orneklerinden birisi Amerika
kitasinda gerceklesen Fransiz-Kizilderili Savasi (1754-1767)
olarak belirtilmigtir. Kaynaklara goére bu savasta Kizilderili
kabilelerinin niifusuna karsi koymak i¢in ¢icek hastaligi
kullanilmistir.  Bu amagla, ¢icek virlisi  bulastirilmis
battaniyelerin ~ Kizilderili  kabileler arasinda  dagitildig
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bildirilmistir (Fenn, 2000). Yine Amerikan I¢ Savasi’nda,
sarthumma ve ¢igek hastaligi bulastirilmig giysilerin askerlere
satildig1 iddialar1 bulunmaktadir (Frischknecht, 2003).

Louis Pasteur ve Robert Koch onciiliigiinde 19. yiizyilin
sonlarinda modern mikrobiyolojinin temellerinin atilmasiyla
biyolojik silahlarin da ger¢ek anlamda modern ¢ag1 baslamistir.
Ancak modern mikrobiyolojideki bu gelismeler 70 milyon
insanin katildig1 Biiytlik Savasa (1. Diinya Savasi) kadar kitleler
tizerinde tehdit unsuru olarak kullanilmamistir (Barras & Greub,
2014).

Cesitli kayitlarda 1. Diinya Savasi’nda biyolojik silah
kullanildig1 rapor edilmistir. Atlara karst ruam ve antraks
etkenlerinin bu savasta kullanildig1 bildirilmistir (Geissler & van
Courtland Moon, 1999). Savastan sonra 1925 yilinda kimyasal ve
biyolojik silahlarin kullanimimi yasaklayan Cenevre Protokolii
imzalanmistir. Bir¢ok devlet tarafindan imzalanan bu anlagma,
biyolojik silahlarin kullanim sahasimi kisitlayict maddeler
icermekteydi. Fakat ayrintili olarak incelendiginde, bu anlagsmada
potansiyel biyolojik silah iiretimini ve gelistirilmelerini
engelleyen maddeler yoniinden eksiklikler  bulundugu
gozlemlenmistir (Goldblat, 1997).

1.Diinya Savagi ve 2. Diinya savasi aras1 gecen donemde
yine kolera, ¢igek, botulizm, hiyarcikli veba, antraks, tularemi ve
cesitli ziihrevi hastaliklara neden olan mikroorganizmalarin
insanlar  iizerindeki etkilerinin arastirildigr  bildirilmistir
(Guillemin, 2006). Ayrica havanin, suyun ve yiyeceklerin
Bacillus anthracis, Vibrio cholerae, Shigella spp., Salmonella
spp. ve Yersinia pestis infekte pireler ile kontamine edildigi ¢esitli
hadiseler bildirilmistir (Harris, 1995; Williams & Wallace, 1989).
Yine 2. Diinya Savasi’nda Rickettsia prowazekii, Hepatitis A
viriis ve Plasmodium tiirlerinin biyolojik silah olarak kullanimini
mahkumlar iizerinde denendigi bildirilmistir. Ancak savasta,
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bunlarin kitlesel silah olarak kullanimina dair bir kanit
bulunamamistir (Christopher et al., 1997). 2. Diinya Savasi ile
ilgili baz1 raporlarda taraflar arasinda, B. anthracis ile kontamine
edilmis mektuplarin kullanilarak deri sarbonu vakalarma yol
ac1ldig: bildirilmistir (Carus, 2001).

Cenevre antlagmasina ragmen biyolojik silah gelistirme
programlarinin  Oniine gecilememesi sonucu, Diinya Saglhk
Orgiitii'niin (DSO) baskisiyla, biyolojik ve toksin silahlarin
gelistirilmesinin, iiretiminin ve stoklanmasinin yasaklanmasi ve
bunlarin imhasin1 iceren “Biyolojik Silahlar Sozlesmesi”
imzalanmistir. Bu sdzlesme 1972 yilinda ABD, Ingiltere ve
Sovyet hiikiimetlerinin yanmi sira 100'den fazla iilke tarafindan
imzalanmigstir. Mart 1975'te yiirtirliige giren ve o tarihten bu yana
stirekli olarak giincellenen s6zlesmeye gore iilkeler; profilaktik,
koruyucu veya diger baris¢il amaglar disinda biyolojik ajanlari
bulundurmayacak, saldir1 amacli askeri amaglar i¢in biyolojik
ajanlarin yayilmasina yonelik teknolojilerin gelistirmeyecek ve
mevcut biyolojik silah stoklarini imha edecektir (Goldblat, 1997).

3. RISKLIi BIYOLOJIiK AJANLARIN
OZELLIKLERI

Hedef konak¢ida enfeksiyona veya oliime neden olan
bakteri, virlis, mantar gibi mikroorganizmalar veya bunlarin
toksinleri  biyolojik  silah  olarak  tanimlanmaktadir.
Mikroorganizmanin iirettigi toksin ya da konakg¢ida enfeksiyon
olusturmasi i¢in gerekli olan dogal siire¢, biyolojik silahlarin
potansiyel hasar mekanizmasinin temelini olusturmaktadir (Dire,
Olmedo, Talavera, & Anker, 2011; Eneh, 2012). Biyolojik silah
olabilme yetenegi yiliksek mortalite, morbidite ve patojeniteye
baghdir. Bunun yami sira biyolojik ajan, hassas muhafaza
kosullarina gereksinim duymamalidir (Kortepeter & Parker,
1999).
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Biyolojik ajanlar, kokusuz ve tatsizdirlar. Birden fazla
yolla bulastirilabilirler. Bunlar baslica; etkenin aerosol
partikiillerinin ¢evreye dagitilmasi ve su veya gida kaynaklarimin
kontamine edilmesidir. Diger kitlesel imha silahlarina nispeten
daha diisiik maliyetleri vardir ve ciddi zayiata yol
acabilmektedirler (Gould & Connell, 1997; Hawley & Eitzen,
2001; La Placa, 2010).

4. CDC VE BiYOLOJIiK AJANLARIN
SINIFLANDIRILMASI

ABD Hastalik Kontrol ve Korunma Merkezleri (CDC),
insan sagligi i¢in yliksek tehdit olusturabilecek biyolojik ajanlari
biyolojik silah olarak tanimlayacak bir diizenleme gelistirmis ve
bu ajanlarin transferini ve kullanimini kontrol eden bir prosediir
olusturmustur (Atlas, 1999). CDC, bu ajanlarin transferinin
izlenmesi i¢in takip edilmesi gereken prosediirler olusturmustur.
Kamu saghigt ve kamu giivenliginin saglanmasi konusunda
calisan bir birim olan ABD Hastalik Kontrol ve Korunma
Merkezleri biyoterérizm ajanlarint A, B ve C olmak lzere g
farkli kategoriye aymrmistir (Tablo 1). Kategori A’da bulunan
mikroorganizmalar; bulasma hiz1 yiiksek olan ve kolaylikla
yayilabilen, yliksek mortalite oranlarina neden olabilen ve halk
saglhigint ciddi olarak etkileme potansiyeline sahip ajanlardir.
Kategori B’de bulunan mikroorganizmalar, bulas riski kategori A
ajanlarina gore nispeten daha az olan ve diisiik mortalite
oranlarina neden olan ajanlardir. Kategori C’de yer alan
mikroorganizmalar ise bulunabilirlikleri ve iiretilmeleri kolay
olan ancak halk saghg: iizerindeki etkileri kategori A ve B’ye
gore daha az riskli olan patojenlerden olugmaktadir.
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Tablo 1. CDC biyoterérizm ajanlar1 (CDC, 2018)

Kategori A Kategori B Kategori C
Bacillus anthracis Brucella spp. Nipah virus
Clostridium botulinum | Clostridium perfringens Hantavirus
toksini epsilon toksini
Yersinia pestis Salmonella spp.

Smallpox Escherichia coli O157:H7
Francisella tularensis Shigella
Viral hemorrhagic Burkholderia mallei
fevers
Chlamydia psittaci
Coxiella burnetii
Staphylococcal enterotoxin B
Rickettsia prowazekii
Viral encephalitis
Vibrio cholerae
Cryptosporidium parvum

5. KORUNMA VE ONLEMLER

Biyolojik ajanlarin, biyolojik savag ve terdrizm igin
gelecekte kullanilma potansiyelleri biiylik bir endise kaynagidir.
Bu nedenle tekrar kullanilmalar1 halinde uygun sekilde karsilik
vermeye hazirlikli olunmalidir (Kortepeter & Parker, 1999).
Biyoterdr olaylarinda biyolojik ajanlarin kullanilmasi iizerine,
CDC tarafindan halk saglig1 icin potansiyel olarak yiiksek tehdit
olusturan biyolojik ajanlar1 tanimlayan ve bunlarin takibinin
yapilmasint saglayan bir prosediir olusturulmustur. CDC
dizenlemeleri, ulusal ve uluslararasi biyoteroérizm risklerinin
azaltilmasina yardimci olmustur (Darling, Catlett, Huebner, &
Jarrett, 2002).

Cok diisiik dozlarda etkili olan biyolojik ajanlarin tespiti
icin gerekli sistemlerin hizli olmasi, yliksek sensivite ve spesifite
gostermesi gerekir. Biyolojik savas ajanlarinin etkili bir sekilde
dagitim1 havadan aerosol yolu ile yapildigindan, biyolojik aerosol
bulutunun varligina iliskin erken uyari veren teknikler gereklidir.
Gliniimiizde, biyolojik saldirilarda aerosollerin erken uyari
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algilamasina yonelik temel yaklasimi radarlara benzetilmektedir
(Joshi, Kumar, Maini, & Sharma, 2013).

6. SONUC

Biyolojik ajanlarin; az miktarlar1 bile genis ¢apta alanlar1
etkileyebilmekte, kolay iiretilebilmekte, bagka silahlara implante
edilebilmekte, yliksek teknoloji ve maliyetler gerektirmektedir.
Ayrica endemik enfeksiyonlara neden olan bir etkenin biyolojik
silah olarak kullanilmasi, bunun biyolojik bir savas m1 yoksa
dogal bir salgin m1 sorusunun cevabini zorlastirmaktadir. Tiim
bunlar g6z oniinde bulunduruldugunda, biyolojik silahlar 6nemli
ve tehlikeli terérizm araglarindan birisi olarak 6ne ¢ikmaktadir.
Biyolojik ajanlarin ¢esitliligi, genetik mutasyonlarla daha
tehlikeli suslariin iretilebilmesi, sinsi sekilde silah olarak
kullanilabilmesi ve ¢ok az miktarlarinin bile biiyiik capta etki
gostermesi potansiyel tehditlerin ciddiyetini ortaya koymaktadir.

Biyolojik savag ajanlarina kars1 etkili bir savunma ¢oklu
unsurlart iceren kapsamli bir yaklagim gerektirmektedir. Bunlar
baslica; mikroorganizma stoklarina erisimin onlenmesi, kasitl
olarak tetiklenen hastalik salginlarinin daha iyi tespit edilmesi,
kisiden kisiye bulasmanin 6nlenmesi, glivenilir dekontaminasyon
prosediirleri, etkili agilarin gelistirilmesi, etkili antimikrobiyal ve
antiviral tedavilerin gelistirilmesi ve en dnemlilerinden biri olan
erken uyart sistemleri teknolojisinin  yaygmn  olarak
kullanilmasidr.
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