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BACIERIOLOGY PIONEERS

eAntonie van Leeuwenhoeke

Discovery of Microorganisms through Microscopic Observations in the 1670s

el ouis Pasteure

Disproveing Spontaneous Generation and Establishing Germ Theory of Disease in the 1850s-1860s

eRobert Koche

Isolating Bacteria in Pure Culture and Establishment of Koch's Postulates in the 1890s

eHans Christian Grame

Gram Staining Method to Differentiate Bacteria into Gram-Positive and Gram-Negative in 1884

eAlexander Fleminge

Discovery of Penicillin to Fight against Bacterial Diseases in 1928
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PROFESSCR FEREYDOUN MALEKZADEH

Professor Fereydoun Malekzadeh was a distinguished and highly respected Iranian microbiologist who
made significant contributions to the field of microbiology in Iran. He was born in 1933 in Tabriz, Iran
and obtained his B.Sc. in Biology from Tehran University in 1956. He later received his M.Sc. in
Mycology in 1959 and was awarded a Fulbright scholarship to pursue his Ph.D. in Bacteriology at
Louisiana State University, which he completed in less than 3 years. After returning to Iran, Malekzadeh
taught continuously at Tehran University and later Azad University, becoming a full professor at the
young age of 39. He played a major role in establishing the Doctoral degree program in Microbiology at
both universities. Malekzadeh authored and translated over 36 books in microbiology and biological
sciences, some of which are still used as reference textbooks. He received numerous awards, including
the UNESCO Science Prize in 1999 and the International Kharazmi Award for discovering two new
strains of bacteria, "Cellulomonas persia”and "Cellulomonas iranensis!"Even after his semi-retirement
in 2001, Malekzadeh continued to contribute to the field of microbiology by writing and translating
scientific books. He was known for his analytical mind, and tireless mentorship of young scientists.
Diagnosed with a neurodegenerative disease in 2006, Malekzadeh spent his final years with his family
and close friends, leaving behind a legacy as an exceptional scientist and honorable human being.
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NGS DATA ANAAYSIS

The article "Tools for Analysis of the Microbiome" provides an overview of the methods, technologies,
computational tools, and model systems available for characterizing and studying the microbiome. The
authors emphasize the importance of the microbiome in human health and disease, and the need to
investigate it to develop innovative treatment strategies.

The article discusses the rapid advancements in metagenomics, which have enabled the identification
and quantification of all microorganisms present in human specimens. However, the authors also
highlight the limitations in computational analysis, statistical assessments, standardization, and
validation due to the vast variability in cohorts, experimental design, and bioinformatic workflows.

The article focuses on the tools available for microbiome analysis, including data visualization and
computational tools. It emphasizes the need for robust statistical methods and analytical tools to
establish cause-and-effect relationships between the microbiome and disease. The authors also
discuss the importance of longitudinal studies and the need for better sample size estimation methods
to account for the dynamic nature of the microbiome.

The article concludes by emphasizing the bright future of microbiome research, with ongoing work to
establish metrics for determining effect sizes and to develop advanced statistical modeling tools,
particularly for longitudinal studies. It encourages researchers to exercise caution and to use a
combination of classic techniques and computational tools to establish robust results and mechanistic
insights before moving into therapeutic design and intervention
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The discovery of penicillin by Alexander Fleming in 1928
initiated the antibiotic era, drastically improving the
treatment of bacterial infections and reducing mortality
rates. Subsequent antibiotics further
medicine but also led to antibiotic resistance.
Conventional AST methods like disk diffusion and broth
microdilution have been
consuming, taking 24-48 hours to yield results.

1. BD Phoenix: An automated system that integrates
identification and susceptibility testing, using complex
algorithms to though it's
expensive and requires regular maintenance.

2. VITEK2: A system by bioMerieux that uses diagnostic
cards for quick testing, providing results in 5-8 hours. It is
user-friendly but costly and limited in the range of
microorganisms it can test.

3. PCR: Provides rapid detection of genetic markers for
resistance, which helps in guiding treatment, though it
does not measure phenotypic resistance directly.
Sequencing  (NGS):  Offers
comprehensive genomic analysis, identifying known and
novel resistance genes and supporting personalized
medicine.

5. Microfluidic Systems: Known as lab-on-a-chip, these
systems enable rapid and precise testing on small fluid
volumes, though they are still relatively expensive and
complex.

The development and implementation of advanced AST
technologies are essential for combating antibiotic
resistance, ensuring effective treatments, and improving
clinical outcomes. Integrating these tools into clinical
practice helps in making informed decisions, reducing
inappropriate antibiotic use, and preventing the spread
of resistant bacteria.
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Po/ymemse Chain Reaction

Polymerase Chain Reaction (PCR) is a technique used to amplify a specific DNA sequence from a small
amount of DNA sample. It involves three main steps:
1.Denaturation: The double-stranded DNA template is heated to separate the strands.
2.Annealing: The temperature is lowered to allow primers (short DNA sequences) to bind to the
complementary regions on the single-stranded templates.
3.Extension: DNA polymerase enzyme extends the primers by adding nucleotides, synthesizing new
complementary strands.
These three steps are repeated in cycles, with each cycle doubling the amount of the target DNA
sequence. The key components required are DNA template, primers, nucleotides, DNA polymerase
enzyme, and a buffer.PCR exponentially amplifies the target DNA sequence, generating millions of copies
from a small initial amount. It has numerous applications, including DNA analysis, disease diagnosis,
forensics, and research.
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Hospital-acquired infections (HAIs) are a global problem, leading to high healthcare costs. These
infections arise after hospital admission, often within 11-12 hours, due to infectious agents present in
hospitals. Bioaerosols, which are tiny airborne particles, play a significant role as they can remain
suspended in the air and spread bacteria, viruses, and fungi. About 40% of HAls are airborne. Hospitals
are particularly vulnerable due to high microbial density and immunocompromised patients. Main
sources include patients, contaminated clothing, and HVAC systems. Then to combat HAls, measures
like air filtration, regular disinfection, and restricting access during non-visiting hours are recommended.
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It discusses the prevalence and antibiotic resistance of Staphylococcus saprophyticus urinary tract infections (UTIs) in

women residing in Ahvaz, Iran. S. saprophyticus is a common causative agent of UTIs, particularly in sexually active
women. Researchers investigated the bacterium's ability to colonize urinary tract surfaces, leading to severe infections,
exacerbated by biofilm formation. Among 390 samples, 17% of UTIs were attributed to S. saprophyticus, with 63% of
isolates testing positive for biofilm production. High levels of antibiotic resistance were observed, particularly against

erythromycin and clindamycin. The study underscores the importance of appropriate antibiotic use, sensitivity testing,
| and awareness of biofilm formation mechanisms to combat UTIs effectively. ‘
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Researchers found that bacteria are commonly present in most cancer metastases. They studied over
4,000 tumor samples across 26 cancer types and discovered that the bacteria varied depending on the
cancer's location and type. These bacteria seem to influence how cancer cells behave and can affect
how well treatments, such as immunotherapy, work. For instance, lung cancer patients with certain
bacteria in their metastases responded poorly to immunotherapy compared to those without the
bacteria. The study highlights that a more diverse bacterial community in the tumor environment can
make cancer cells more active. This discovery opens up new research opportunities to explore how
bacteria could be targeted to improve cancer treatments. By understanding the complex relationship
between bacteria, tumors, and treatments, scientists may develop more effective therapies in the future.
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The microbiota, consisting of microorganisms living on and inside the body, impacts many vital

functions, including immune regulation, inflammation control, and maintaining gut health. This balance
is crucial for overall health and preventing diseases like cancer. On the preventive side, certain
beneficial microbes strengthen the gut's mucus barrier, enhance the immune system's ability to fight
tumors, reduce inflammation, and activate anti-tumor pathways. However, some harmful microbes can
increase cancer risk. They do this by causing chronic inflammation, damaging DNA through pro-
inflammatory substances, promoting tumor invasion, and suppressing the immune response, allowing
cancer cells to evade detection. In summary, while the microbiome can protect against cancer, it can

also promote tumor growth depending on the balance and type of microbes present.
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Cardiovascular diseases (CVD) are leading causes of death globally. Recent research shows that gut

microbiota, the trillions of microorganisms in the intestines, plays a significant role in CVD.
Disruptions in gut balance, known as dysbiosis, are linked to conditions like atherosclerosis and
hypertension. TMAO is Produced from red meat and eggs and promotes atherosclerosis, endothelial
dysfunction, and inflammation, increasing CVD risk. SCFAs are Beneficial metabolites from fiber
fermentation that reduce inflammation, regulate metabolism, and protect against CVD. Vitamin K2 is
Produced by gut bacteria, it prevents calcium buildup in arteries, reducing heart disease risk.
Promoting gut health through diet, probiotics, and reducing harmful foods may help prevent CVD.
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Q fever is an infectious disease caused by the bacterium named Coxiella burnetii that
primarily spreads from animals to humans. The bacteria are often found in livestock
such as cattle, sheep, and goats. Humans can contract Q fever by inhaling
contaminated particles from animal products like birth fluids, urine, feces, or milk.
Symptoms can vary, ranging from mild flu-like illness to severe cases involving
pneumonia or hepatitis. In some instances, chronic Q fever can occur, leading to
more serious conditions like endocarditis. Certain groups, including farmers,
veterinarians, and others who work with livestock, are at a higher risk of contracting
Q fever. Prevention efforts focus on reducing exposure to potentially infected
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A biofilm is an architectural colony of microorganisms, within a matrix of extracellular
polymeric substance that they produce. Biofilm contains microbial cells adherent to each
other and to a surface. The surface can be living or non-living. The process of biofilm
formation occurs in four common steps: initial attachment to the surface, followed by
micro-colony formation, maturation, and finally detachment of the biofilm. Microbial
biofilms are also related to many infections (both device-related and non-device-related
infections) and they show resistance against human immune system, as well as antibiotics.
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Botulinum toxin, known as the "miracle toxin,"
derived from Clostridium botulinum bacteria,
serves as a potent neurotoxin. While commonly
associated with cosmetic procedures like Botox,
researchers have uncovered its efficacy in treating
various skin disorders such as hyperhidrosis,
bromhidrosis, oily skin, and androgenetic
alopecia. By inhibiting acetylcholine release, the
induces muscle

toxin paralysis, making it

beneficial in addressing wrinkles and facial
spasms. Additionally, studies suggest its potential
like

erythema. Despite potential side effects, proper

in  managing conditions psoriasis and
administration under specialists' guidance yields
the

versatility in dermatological therapeutics.

promising results, showcasing toxin's

1P 9392 OS5 9 Qo sl Cuun g

03,131 sl Ll e BB 4 Congy U Sl G 2z
S Cwl Olagd=d j dzgd JB oylge dlex I il
393 Il 1) @Me )3 o982 ol ) oolaiwl b diudlgs
Sal oy o b daly yo il wladss opl das olid
oalatul )90 WS Saudy 0O a9 A pladdl Sl
PPl A g o oruS e 3 38 3590 ool 03 S I
bl 23,80 @Y Sl Gy 4 &S dede ool
9035 pgo 9 ool Db 3) 90 (0l 53 G35 el G0
33,8 plasil masasite Lo gl b

Py Pg e by (sl Oloys

(S5l ungdl Olad b dilyye $oSI by ulb
0950 &S Sl dildye Ogeys0 A diwly b (£
Ay 9 Cawd OT L OL) Juoyd 0+ 9 Old g0 Juoyd A+ 394>
P AES S P GP b Solaw opl Oleys WS e 3
390 g8 Blybl 5 aBxS Saabiofy 4 yuw widlac
Jids 4y el 51 & 63 ool el 41,8 51,8 (a2 9 (GedoS
Odds Sz58 0 JWis 4 9 (>1g OF )3 O3uS! 39S
Mg (S 55 5035 b bl il e S g Slad 5 g8
e $9) 1 1) JLad aS ods )l a5 de SaU
Olise 9 0Ly Jwl3dl celb jol (pl 9 lony (B9
GYL palie Hguas Gyge 93 33,50 G OF 05w
09 P S 9 )ABSS 4 O3 s P O 903 98 hkS O eS|
90 Siipy BB 4 smie G Gl ol &S Wbis G
EEV-INV e




— D) —-)

@:('(((\\m@@*@:((((\m\(@@* mm
YA
ou299? P92 HSligSalo
P BCG (wSlg Cidlw 33 Siuds
S35 909,500 (ulid )8 o & we

(o) o3 o&aals

@bl G @usB g Sas ool e blas plad HUS o
BCG (uSly cdlus 4 Ol 530 WOT (0 Spge 31 S dssbo
.3 gad o yLil dilie Olb yuw Oloyo 9

Sl LaiS 458> 9 G BCG ST

obidl 4 4« BCG (Bacille Calmette — Guerin) oSlg
LLOuSlg o Sees Il ol 63\.35‘:13 Ol sl 9o
06 Y ) 08555 d bygaS Leled o loyss a5 wab e
2 ouSly ol 33,80 &P 0loyd 438 ouizen 9 Jlw
Ll 1) (S s 0Olez grham 4o ldl Jaw Solowe 58
Ol @ Cad 1)y 585 3 ldae F o9 53 09 el 9 sl 03,5
Wl g5 g (puSly ol 45 did) Ll 03905 (peal (Solew
‘aﬁwgig.bgbjaﬁa.xﬁ.aang.xﬁ&fxzwby
9 cwl8 Gl Wloagdl 6,38L (pl 4 Olgxr Cunex )
ouSly ol aaS b dS wiiwd Gdwidls 93 403)5; Jo
2345 90 0T iled,S o pio 4 (S )5 Cands il o
Shld S lazme 1 eslaiwl b Juodud puSly () p Jl>
Lkl dgie (Bolal Hob 4 gy (el 9 (p et
@ 38 lrae awgi e le S 23Sl ©yad oS
Slyio J LOT (Gda S il Hd . Lbe Ll Gus
OT S iSL 4S" Wd ges oolaswl 98 Juw 4 Mo Sla s
Slud! Juw o Ml 45 W55 ,S odaline 9 Lo gs ol i
23 68k ol 3 OT 0T 5l pw b (ol wud 4
Oy A Tl )3 dS Wis ged ookl Jusdud (puSly sl
D18 oolaiwl 3yg0 ¢y Gygue w OF Il w9 Slye>

OIS

aslis glbyw Gloys ya

3K Gl oo 0,5 6 58L S ipmggr e SbsSile
£ 32 SLsSole (uSIS Slias! 3l 9 4wl 8Ll soslgils
S8 Juw skl ele 8L cpl dabe w)gf pes
98 pmogde 9 WS LIS LAS v I drdl gl bl fawl
5019 98l S g3 Y Ogzad OIlw ple 9 Ol
LS 585

603y 33 &S Canl Gighe eie Solw S0 «S3E U
9 &b @b 3l Golew ol )b LIS Y Az slag)les
Olusl 33,5 e dlxl 58 55 (5,38 b 03 )T @il y3 Gl
b8 (Bladswl 9 oaﬁlTjgﬂ.&g C,.w; B puao b 30
0)9 o8 (J 9 chap )b 1) Solew ol 4 Ml
4o | Sege 9 S9lad 2uf p)g s S lgidl
Sl e Sl cpeie Sladdyw b ol e gesh
51 Gl oo Sl 4 8L caplets 45 Wil 0

Olgz o 1y ©ob) gl asdS sladle )d 8L ol
aiils s 56 Lol (SaglT 5o cud 3 cpds 9 03,5 63T
31 ool 31 i 98 inle 3T OBl cale b yiay b .l
b ool $lagB Oloys owizas 9 LOT ctisS 9
ol ol ol 02l 2 relin) 9 A3l 9 5] SIS g 8T
9 wdyiyy S)saS 5o (o)l ;Sade b 4 s
Jare ol 585 ob)gaS jga bl (i dawgidl> o
3ol oSkl g gl mle 3 (Sl 9 wsbie
Jad 4 Llo y (imed 0) 95 (0 pdir 4 Ly 9 b e
Sy slaiel 5)g0 Olizad «(538 Jus 9 G968 O zloy
VA CN 3€ C,Jo; Glyobe G o el 9o

7=

J

— D) — 0-9)

»—



— D) —-)

(@:((((\\m(@@—(@:( (((\\\\\(GCB—

— -0 — JI0-)

ra

2310 BCG @35 0L # Toga wb 5,8 colays ) g 95 ol 0o
dlox I S8 Wb 56 335 52 ) Gy e ploxil aias £
g el F oo 4 (188 O yume pde (rildg 3)lge
eaiuos G)geo @ BCG w98 Cole Hlyal Sddss
359 9 33,50 )1y Solaw Gl Slyme 4 6 Jawgs
ol e 4dss 1) a3 el cceln ¥ ocsdS 1 e
Cledl conl Jlad jue Guwggr p oo 8LsSale S &S Sl
Ll g3 158 1)y ol 08ws Slad gleo 9 03,8 sl S
2580 g Al Ol Sl 7 gl b 0 oke 9
Ol «S 555 BCG SlagusSly sl b Olais 09 5!
Gwl38l 1) Olo ypw dgxg ) syl Juwel 1y o)lse
09 )95 MWidy g punS 93 ST dlg 3 3 osliiasl Lilosls
S T Sl 5o Ful G 4 e (uSly ol
bwg oass dgh gt oeized dghie | 09,8
Gl Gl38) G (puSly cpl 0 Fgtwgise byl
23,8 o T Sl sai)

:BCG oS g b dilin Ol yuo oy

Cdiso) 03y OLasS (pisge 9 plcwme I (SN
Oy Ola)d )3 w9 poySbsSole S oalaiul cOlb yus
@) g0 B e ygu0 4 § b 90 (l CahS ol dilie
Wb 3 VAV Jle o Jidly8e 9 4L 33 095 .ol 418 ,S
@ Wise Olylow 45 Wil drgie Hlow AY Sy 2 Anle)l
aidl 1o ,S 1w 3 g8 <BCG (3819 @8 b b Ol yu
3 ouSly pl @UP 28 5B Az g 398 b 4SS g5 &S
9 o 5y O yun I Sl 30 52 55 bl (S5 9202
Jie bl Jole g dle (rhw SO w4 by
L Das ezl pud sdilie Obyw b 9 ) 5 - zshw
dgdip 180 Al Jubg g LOT o S Yb sd> o
o3l ) oolatwl 45 el ol LS00 080 BUSS L Abb 0 Doy e
b Coge ool e o aab suad S S Wb usly
yidus 398 Olgie > ¢uSlg I A i Goolaiwl
g dali 531 Hge e

O

=1

The Bacille Calmette-Guérin (BCG) vaccine, derived from Mycobacterium bovis, has
played a significant role in controlling tuberculosis worldwide. Initially developed as a
vaccine against tuberculosis, it has been widely administered to infants and
healthcare workers in many countries, protecting around four billion people from the
disease. However, tuberculosis remains a global health challenge, affecting
approximately one-third of the world's population. Beyond its role in tuberculosis
prevention, BCG has unexpectedly shown promise in treating superficial bladder
cancer. When injected directly into the bladder, BCG has been found to stimulate the
immune system, leading to the regression of early-stage bladder cancer tumors.
Despite its efficacy, BCG therapy is suitable only for certain stages and types of
bladder cancer and requires careful administration to avoid adverse effects. Advances

in BCG vaccine formulations have improved its safety profile and effectiveness in

cancer treatment, offering hope for better outcomes in bladder cancer patients.
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In the early 1900s, Louis Pasteur linked microorganisms to food fermentation, and Elie Metchnikoff suggested that
fermented dairy products, like yogurt, contributed to the longevity of rural Bulgarians by promoting beneficial gut
bacteria. Henri Tissier observed unusual bacteria in the stools of children with diarrhea, proposing their use to restore
healthy gut flora. Metchnikoff and Tissier were early proponents of probiotics, even before the term existed. Probiotics,
defined in a joint FAO/WHO working group, are live microbes that, when consumed in adequate amounts, confer health
benefits. Probiotics, mainly from Lactobacillus and Bifidobacterium species, can produce antimicrobial substances,
regulate immune responses, improve gut barrier function, and outcompete pathogens. They are used to prevent and
treat diseases, enhance gut health, and support immune function. Antibiotics affect both harmful and beneficial gut
bacteria, leading to long-term microbiota changes and associated diseases. Probiotics are considered a safer alternative,
although potential side effects include infections and harmful metabolic activities. Probiotics are important for their
health benefits, including improving digestion, boosting immunity, and preventing diseases. Further research is needed
to understand their mechanisms and ensure safety, with evaluations for toxin production, antibiotic resistance, and
metabolic activity.
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yanobacteria, also known as blue-green algae, are ancient microorganisms that evolved &
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around 3.5 billion years ago and are found in various environments like freshwater, marine
water, and wastewater. They are valuable for their bioactive compounds, with applications in
agriculture, healthcare, and industry. Cyanobacteria produce secondary metabolites used for

enzymes, toxins, and vitamins, and they can make biodegradable plastics. They are also used in &

bioremediation and for

) pharmaceuticals.

producing biofuels,

biofertilizers, biopigments, food,
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The Black Death caused by Yersinia pestis,
was a devastating pandemic that killed
about one third of Europe’s population. It
spread through fleas on rats from Asia,
causing bubonic, septicemic, and
pneumonic forms. Symptoms included
fever, swollen lymph nodes, and rapid
death. The plague led to widespread social
and religious chaos, with many believing it
was divine punishment. It also caused
violence against Jews, blamed for the
outbreak. The pandemic severely disrupted
the economy, leading to higher wages and
contributing to the decline of feudalism,
while some survivors developed possible
genetic resistance to later diseases. In
essence, the Black Death reshaped Europe’s
population, economy, and social systems.
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