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Respiratory Syste n
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I11- Infections of the car:
Otitis Externa:

- Pseudomonas aeruginosa.
SAspergilus niger <Ll it
Otitis media: Mycology
- Strep. pneumoniae Most common
- Haemophilus influenzae

- Moraxella catarrhalis

- Streptococcus pyogenes

- Staphylococcus aureus

I'V- Sinusitis:

- Strept. pneumoniae

- Haemophilus influenzae

- Moraxella catarrhalis

- Streptococcus pyogenes

- Staphylococcus aureus

V- Acute Epiglottitis:

Haemophilus influenza

VI- Laryngitis and croup: Mostly viral
Parainfluenza, Influenza, Adenovirus.
VII- Tracheitis & Bronchitis:

* Mostly viral: Parainfluenza, Influenza,
Adenovirus and RSV.

* Bacteria: Bordetella pertussis,
Haemophilus influenza, Mycoplasma
pneumonia, Chlamydia pneumonia and
Streptococcus pneumonia.

V11- Bronchiolitis:

RSV, Parainfluenza virus

HAEMOPHILUS INFLUENZA

VI Trancheitiv & Mronchitie:

* Bacterin:
Hacmophilus influernru,
-

1V- Sinusitis:

- Hacmophilus influenzae

Ontis media:

- Haemophilus influenzae 8

“Blood Loving”

(t wag initially
believed that

thie bacterium

wag the cauge
of influenza




Morphology:
> o2 Very short bacill

+ Gram negative coccobacilli.

« Non - motile, non - spore forming.

* Some types are Capsulated.

Culture: e
> Grows.aembicalTy, requires EXEEACO2 (5-10%).
» Requires certain growth factors called X factor _
(hemin) and V factor (Coenzyme e.g. NAD). JR' ;;'S '1% ‘
T —
- | Beat media for growth <)
2) On heated blood agar (Chocolate agar) where
V & X factors released from RBCs, ~ RBCs raptre

5 ) Close to colonies of Staph aureus (Satellitism).

Zi el o b-hemolygie Jesis LY
%8 Nommﬁ' RBCe Jexig, clagd _ wmmm m:n{
T—
rapture H. influenza J!

Staph aureug J! aie s colonies clee
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Respiratory Sy

Virulence factors:
1) Polysaccharide capsule: The major virulence factor (antiphagocytic
activity).

» Capsulated strains can be classified into 6 tvpes (a-f).

» H. Influenzae ¢ype b (Hib) is the most pathogenic and itsCapsule composed
- of( polyribitol phosphate) (PRP).

2) Outer membrane:([ | mucociliary clearance = colonization;

3) IgA protease: degrades secretory IgA, thus facilitating attachment to the
respiratory mucosa.

Pathogen1c1ty: Capsulated types exhibit greater virulence compared to
Transmission: droplet infection. non-capgulated types.

A. Capsulated types (invasive) particularly type b (Hib) cause:
1- Epiglottitis: This life-threatening disease of young
children’) which can (@bstruct the airway’ (medical
emergency), s caused almost exclusively by H.
Tracheostomy or endotracheal intubation is life saving.
2- Bacteraemia. Meningitis. Septic arthritis.

N.B. Asplenia (anatomical or functional) is important risk factor for infection with
encapsulated organisms, ~* € Sickle cell anaeria
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B. The non-capsulated (non-typable) (non-invasive) strains cause:

o adults and elderly, i presence of predisposing.
*factors .. viral infections, malignancy COPD, cystic fibrosis... These factors create an

environment where the

Haemophilus influenzae infections
regpiratory system may be

compromiged or weakened,
making it eagier for
infectiong to oceur.

meningitis (type b)

otitis media (nontypabie)

sSinusitis (nontypable)

epiglottitis (type b)

tracheobronchitis (nontypable)
bacteremia (type b)

pneumonia (nontypabie)

Laboratory diagnosis:

infection J! oK uun

A. Specimens: CSE blood, sputum, ear swab. ...

B. Microscopic examination:

Gram-negative coccobacilli.

=capaule ewelling test
C. Detection and typing of capsule: Quellung reaction.
Hinfluenza appears ag a halo or a eurro
Begt media around the bacterial cell when ctained 4

. Cultivation: on chocolate agar. under the miroseope

the stained capsule appears enlarged d

K. N&V factor test: (It requires both factors).
Specific anti- serum Leale baay 5 sl Cony
type B sl s 5l Yisd
antibodies againgt type B capsule s sias serum cua
Hib 2 o methylene blue stain Las ausios
capaule JI 5 antibodiesJ! e reaction suas ¢,
capaule J1 géis ¢, elldl dagis



b vaccine (Hib vaccine): |

l-Pol | | '. bi;ébared frzr:pzc:[lggacoharide
(given in 3 doses at 2, 3 and 4 months of age)

Succeeded in reducing cases to near zero level.
cin: is used for chemoprophylaxis of unvacci

of cases of Hib meningitis (decreases respiratory carriage of the organism).

BORDETELLAE PERTUSSIS

“The causative agent of Whooping cough (Pertussis)”
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Morphology:

[t 1s Gram negative coccobacillus.

Culture:

It is adStrict aerobe;

« It grows on complex enriched media c¢.g. Bordet

Gengou medium or  charcoal-cephalexin blood agar.

* Colonies are(greyish white with shiny convex surface
“Mercury drop™ appearance.

* It does NOT require X and V factors.

* Virulent strains produce haemolysis on blood agar.

lnrdgw medium
Virulence factors:

* Filamentous hemagglutinin (FHA): Adherence factor

- Colonization factor that promote attachment of the organism (o the cilia of the
epithelial cells of respiratory mucosa.

* Pertussis toxin (PTx):

- Colonization factor.

- It has adenyl cyclase activity — 11¢AMP — edema of the respiratory mucosa.

- It suppress phagocytic activity (immune evasion). thig leade to increaged gecretion of
fluide in the regpiratory tract, caugin

* Tracheal cytotoxin (TCT): P _ J :
edema of the regpiratory mucoga.

- Necrosis (cell death) of ciliated cells of the respiratory mucosa,

lnlnl,muulnu



Mechaniem

@ Normul ¢iliary y \
. - ‘' 8 3 . ot a\
colonizes the ciliated epithelium of the o) r
@ ] i { A N 1

irespirawg‘m itlsecretes toxins'that {(/
lead to the death of these epithelium \
cells. acjmry stasis. qdéma of the
mucus membrane and an accumglatlon
“of mucus and cell debris that triggers
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Whooping cough (Pertussis)
* It is highly communicable discase that occurs primarily
in infants and young children.
* Infection transmitted by(droplet infection.

* Disease occurs inlthree

—* Non gpecific manifestation
I- Catarrhal stage: (1-2 weeks): Fever, anorexia, malaise, rhmorrhc,d sneezing.,

2- Paroxysmal stage: (2-4 wctk(s_)‘> 3322!&& cough with explosive character Jollowed by
a high-pitched intake of breath that sounds like “wheoop*, This may be associated with
vomiting, cyanosis and convulsions.

3- Convalescent stage: Gradual fecovery over weeks (followed by long lasting immunity).
+ Complications: (pneumonia. Subconjunctival or cerebral haemorrhage! cncephalopathy,

Rib Fracture).
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Laboratory diagnosis:

* Specimen: (Nasopharyngeal swab.

b- The cough plate method. ~— |

8 iilie QAD (s

* Direct fluorescent antibody (FA) test.

* Serologic detection of antibodies Collection directly distance of 12-18°
on cough plate

Treatment:

» Supportive care: (c.g., OXyg
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Prophylaxis: Two types of vaccines: v v

) 4D e
Jd: Joosxens ovary 30 yeans we socommnaod. {Poteses sxooe sy s axepidopedn
p . I proee afder boycars of agx)
A- Killed whole cell vaccine, —_—
Diphtheriae as <ie G

It 1s suspected of causing various side effects, including post-vaccine encephalopathy at a

rate of | case/million doses. It is still in use in many countries other than the United States.
HB- Acellular vaccine (fewer side effects than Killed vaceine), a combination of;

* Pertussis toxoid (genetically inactivated toxin).
* Filamentous hemagglutinin.
* Other virulence factors,

[t is usvally administered in combination with toxoid of diphtheria and tetanus as follow:
Diphtheriae oé Lie GSs (oL @8 b il
DT or DaP: Primary series: 2,4 and 6 months followed by two boosters at 15-18 months

and at 4-6 vears.
Y (SN aniiin e sale

Fdoor Tdap: Boosters of every 10 years are recommended. _ .
eafe vaccine sa Acellular vaceine

PSEUDOMONAS AERUGINOSA

“One of the top antimicrobial resistance threats world-wide”
*“One of the most important causes of nosocomial infections™

“Peruginoga” ig meaning “copper rugt” or “verdigrig,”
and ig often aseociated with the greenish color that
can be obgerved in colonieg of thig bacterium.

lnln(_,ii_il;nlilflu
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» ” -
¢ B tsn ~hS ] '-
= VSR A ——— i< A R v’
= o‘ -? :’\ .-.' r

Motile with single or multiple polar flagella. a
Biochemical Reaction:

- It is oxidase positive.
- It does not ferment sugars (hon-fermenters).

Culture:
T

» Grow well between @7°CH2°C) |
» Produce @ sweet ormllke.odonfruuy aroma),
Lo non-fermenterg
- On MacConlkey’s o
- ._'[ wefuline

(1)Pyvocyanin, GIUE=gi

7 Produce €xopigi

(2)Pyoverdin, @vellow=

(3)Pyorubin, aredpigment

(4)Pyomelanin. abrownish black pigment




The mechaniem by which elagtages facilitate invagion into the bloodgtream
involveg breaking doun elastin and other hoet tiseue componente. Thie
enzymatic degradation weakens the structural integrity of the hogt tiseues,

Virulence factors:

el W1 - Hachment 1 - . including blood vesgel walle. Ag a regult, the barriers that normally prevent
1- Pili { fimbriae ). attachment Ji e Jszeus bacteria from entering the bloodstream are compromiced.

2-Endotoxin (Lipopolysaccharide):(GaliSeés sephcshock
A= Fxvotovin A: Inhibit protein synthesis and causes tissue necrosis,

4- Extracellular enzymes: e.g.,@lastases, facilitate invasion into the blood:
5 lgfi‘f r\ﬁa nin: damages the cilia and cause cell death.
6- Alginate (glycocalyx):(Mucoid strains) that forms

adherent Biofilm protecting from antibodies, complement, |
Thig biofilm acte ag a protective shield, providing a phygical barrier

and antibiotics. againgt the host’s immune regponge and antimicrobial agents.

7- Broad antibiotic resistance: (inffinsicand acquired).

Medical importance of P. acruginosa:

» It flourishes in wet environments and can grow in simplé aqueous Solutions(only traces of
nutrients) (e.g., tap water, swimming pool, spa and jacuzzi, sinks, contact lens solution, ...).

» It has a remarkable ability to withstand disinfectants, it has been found growing in soap
soluuons,inanﬁupm and in deter

their role inil_lwmw (mmmhl)'-in!ecﬂom. it typically cauges

» P.aeruginosa is an Opportunistic pathogen that causes infections in :  infectiong in individuale with

; : e weakened immune gystemg
* In whom skin host defenses are destroyed (e.g., éxtensive burns). J

or underlying health
* In those with chronic respiratory disease (c.g., €ystic fibrosis). conditione

* In those who arc immunosuppressed and with feutropenia,
« With medical devices e.g. catheters, ventilators. 1V line, .

biofilm agale &s<s




Clinical findings:

I- Respiratory infections:
Hospital-acquired pneumonia (especially  ventilator-
associated pneumonia and in eystic fibrosis patients).

- External ear infections: ok discharge o< efraing JI US Jie gl

Greenish colour of sputum

pa (esp. in diabetics), SWimmer's ear.

3- Eye infections:

Corneal uleer’ usually follow minor trauma to the cornea

(frequently associated with CONtACEIEHS USE).

4- Folliculitis (hot tub rash).

5- Skin & wound infections:

(¢.g. Ecthyma Gang
6- Urinary tract infections:
in those with indwelling catheters:

7- Meningitis: following lumbar puncture.

Ecthyma Gangrenosiim ~ Green drainage in diabetic foot



Laboratory diagnosis:
1-Specimens: Sputum, ear discharge;. ...
2- Smear: Gram negative bacilli.

3- Culture: On different media. The organism identified by:
Its odor.

Exopigment production.
Ability to grow at42°C.
‘Oxidase-positive.

Treatment:
» Because P. aeruginosa 1s vesistant'to'many antibioties (MDR), treatment
must be tailored to the sensitivity of each 1solate and monitored frequently;

» «Combinations of active antibiotics generally required.



Aspect
Morphology

Culture

Virddence factors

Pathogenicity

Capsule

Motiity

Culture Medium

Treatment

Prophylaxis

Laboratory Diagnosis

Haemophilus influenzae

Gram-negative coccobacilli

Aerobic, requires extra CO2,
growth factors X & V

Polysaccharide capsule, outer
membrane, IgA protease

Capsulated types cause
invasive diseases like
epiglottitis, meningitis, etc.;
non-capsutated cause ofitis
media, pneumania, etc.

Present [some types)

Non-motile

Chocolate agar, blood agar

Hib vaccine, antibiotics

Hib vaccine, Rifampicin

Quellung reaction, culture

Bordetella pertussis

Gram-negative coccobacillus

Aerobic, dozsn't require X & V
factors

Filamentous hemagalutinin,
pertussis toxin, trachaal
cytotoxin

Causes whaooping cough,
transmitted by dropiet infection

Absent

Non-motile

Bordet-Gengou medium

charcoal-cephalexin blood agar

Supportive care, antibiotics

Killed whole cell vaccne,

acellufar vaccine
Culture, DFA test, serology

Zaal Ll

Pseudomonas aeruginosa

Gram-negative bacilli

Obligate aerobe; sweet odar,
doesn't farment sugars

Pili, endotaxin, exotoxin A,
extracellular enzymes,
pyocyanin, alginate, broad
antibiotic resistance

Causes varous mfections
incluging respiratory, external
ear, eye, skin, wound, urinary
tract, and meningrtis

Absent

Motile

Various media

Combination of antibiotics

No specific prophylaxis

Gram stain, culture, ador,

exopigment preduction

5,00 Slagles IS oolels Flagh cardg ey
https://ankipro.net/shared deck/Hwe 3wYp
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Study Questions

Choose the ONE correct answer

131 Which of the lfollowing Is true of Haemophilus
influenzao?
A Invasive infections are most commonty associated
with encapsulatad strains
. Most invasive infactions ocaur in infants during tha
neonatal penod.
. Most human indections are acquired from domestic
pats
Tha organism can be readily cultured on sheep
blood agar in an environment of alevaled COy
. Didar aauits are raraly at risk for infection with this
organism because thay typically have a high leval
of Immunity.

m

O 0

m

100 Whieh of 1he following stalermunts about 2ovcfetolia
pPerrtixsis Infecihaon in trun’?

A Infaction causan »n leukocyicons charnctarntsaed pre-
MaAty DY O IMarkod Slovanon i Dol o neEso niuo loor
loukooytax,

B8 1n0lation of e orgarsisen Troern Clrsodd Spoohnmens 1»
greatont ducing the aonrly stagea of Hoosn

C. Clinkzaal disgnoss of whooping cough can usunily Be
made within a few aays of onaot of initial symeroms

D. Chilciran who recave s full sacres of immunizabons
with RO porussis Yyaooino goanoraiy dovalop solid
Malong iImmunity o pertussia.

E. The crgunisrm cun be cultured on standard abora-
TOry Maddin nach an shones BAoOd agaws

3) A 10-month-old male child pregente with epicodes of repetitive
coughing with intermittent large gagps of air ag well ag gome
vomiting. Parente indicate that the child hag been suffering from thig
condition for about | week. Incidentally, the previous week he wag
reported to have a coldlike illness with a fever and sneezing. A white
blood cell count shows 65% lymphocytes and 30% neutrophile. An
oxidage-pogitive, Gram-negative coccobacillug ig grown from a
nagopharyngeal swab plated on Regan-Lowe charcoal agar. Which
one of the following organigme is mogt likely regpongible for thie
diceace?

(A)Bordetella Pertusais

(B)Corynebacterium Diphtheria

(C)Haemophilug Influenza

(D) Mycoplagma pneurnoniae

" Comoct answer = A. Tha capsuie i antiphagoaytic.

and facllitotes hematogenous dissemination of
MHaomopidus snfenzee. Atthcugh M, nfueizae =
an impotant pathogen of infants and yourng chil
aran, passive transfar of matarmal immunoglotsalin
G may afford neonaltes protection. Immunity
Beging 10 wane in oldes adulls, mcransing thae nak
of infaction tor this population. Homans are the
only naturad hoat for M. fiveizae. H. influenzas
recquiros both hemin. X factor, sand nicotinamide
sciunine dinuclctide (NAD), V factor, which are
0Ol avaiable n sheen bicod agar. Healng the
biood lyses the erythrooytes, releasing both X and
V factors, and ssimullancously inactivating an NAD-
mactvating enzyme prasant in blocod. Medis made
with such heated Hood (S tenmed “chocolale agar ™
The crganism doos protor olevated CO;

COmmar o - B RO Nt eNG (wTisasis TyTrasitly
caunen 8 lvmnnonvnc RO CYEORIG. utial sy e
af Boe iaction arm railntively Noose-
ciic (rhinorrhesn,. etc.). The charactarintic
paroxyemal coughing bagine somewhat lataer.
Muaintenance of salid Iimmunily depencdes on
fopmuted @eposure o B orgarsserr, silifuar INro gt
nutursl onuses or DBy admirsisirabion of boouiaee
BOOIG. CHEOWEN Of SOV el folla roumsiran & rveidb U
QOO O SUDSIANCS SUCH B8 OHINOON 1O DO
OF ety WNIGAGRY saistmnonn ancd siao antite
CTCa TNAL b 1he growtn of nocoad fioen.

Correct angwer =A
Bordetella pertucsic. The cage fite the deccription of whooping
cough or pertusgie. Thig digeage ie characterized by repetitive bouts

of unrelenting coughing punctuated by gagps of air and often end in

vomiting. A whooping sound i often made when patients gagp for

air. Lymphoeytosis, at times ag high ag 70% of the peripheral white

blood cell count, ig typical for thig digeage. The causative agent ig
Bordetella pertucsie, a fastidious organiem that can be cultured on
Regan-Lowe charcoal agar. While the other organiemg ligted cause
regpiratory diceage, they are not aseociated with the diseage
described or microbiologic characteristics of the organiem cauging
thie cage.




4) A 48-year-old man had a long history of aleoholiem (including
aleoholic hepatitie and hallucinatione) and wag admitted to the (CU with
hypotension and Gl bleeding. He wag given [V fluid and transfused with
packed RBCs. He remained intubated and ventilator dependent for ceveral
weeke. He developed a high fever and wag treated with broad-gpectrum
antibiotice. Culture of hig tracheal agpirate initially grew S. aureus. After
more antibiotic treatment, Gram ctain of hig agpirate showed PMNg and
gram-negative rodg. A chegt x-ray demonstrated an infiltrate with
posaible small abscesses. Tracheal agpirate then yielded a heavy growth of
a gram-negative, nonfermenting rod that produced a greenigh hue in the

D) The pseudomonads are gram-negative,
motile, aerobic rods that produce water-goluble
pigmente. They occur widely in gol, water,
plantg, and animale. © aeruginoga is frequently
pregent in- emall numberg in the normal intetinal
tract and on the skin of humane. [t i¢ also
commonly pregent in moigt environmentg in
hogpitale. While a saprophyte on normal immune-
competent humang, it is a most efficient
opportunist in people with deficient host

culture plates. defengeg.

Which of the following ie the mogt likely organiem causing thie patient’s
problemg

(A) Hinfluenza

(BIL. Preumophilia

(C) M Pneumonia

(D). geruginosa D aeruginoga i¢ a gram-negative, oxidagepositive,

aerobic rod that produces a greenblue pigment
called pyocyanin. Thig microorganiem hag been
agsociated frequently with wound infectiong in
burn patiente, and it ie the second leading cauce
of burn infectiong after S. aureus. P aeruginoga
tends to develop resistance to varioug antibiotics.

5) An injured firefighter developed a wound infection, and culture of the site indicates
a gram-negative rod that ig oxidage-pogitive and produces a bluigh-green pigment.
The organism wag relatively resistant to antibiotics, but susceptible to ticarcillin and
tobramycin. The organigm ig most likely to be identified ag which of the following?
(A)E. coli

(B) Klebgiella pneurnonia

(Clpmirabilie

(D) p.aeruginoga



Bacteria — Gram Negative Rods
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Haemophilus Influenza - "Phyllis's Chocolate Covered Cherries"

1.

vk wnN

10.
11.

12.
13.

14.
15.

Red Hues - Gram Neg

Shape of the candy machine and candy on top of the machine - Coccobacillary Shape

Chocolate sign — Grown in chocolate agar

10 cent sign — Needs Factor 10 “Hemodin”

5 cent sign - Grown on chocolate agar needs factor 5 (NAD, nicotinamide) and factor 10 (Hemodin)
"hemoTEN"

Child Coughing and aerosol spray - Infection primarily moved by aerosol transmission leading to
droplets going to respiratory track calling pneumonia

Child sticking out the red tongue screaming - Disease Epiglottitis - symptoms Drooling, inflamed
epiglottis, strider, drooling

Cherries - "cherry red epiglottis"

Child plugging his ears - Otitis Media

Meningitis helmet and Bee flying around - Meningitides - only caused by type B capsular form.
Sickles attached to belts - Sepsis and Septic arthritis in patients without a spleen, hemophilic
infections, especially sickle cell disease

Syringe and Capsule with the Bee flying around it - Vaccine for only the type B capsule is
conjugated with diphtheria toxoid and haemophilus type B capsule

Dipped for 2.18 - Vaccinate between 6 weeks - 18 months (bound to diphtheria) Dip=Diphtheria
Three Axes -Treatment Ceftriaxone

Rifle - Treatment for close contacts is rifampin



Bacteria — Gram Negative Rods
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Bordetella Pertussis — Board and Care

1.

uhwnN

10.

11.
12.
13.
14.
15.

Streamers to represent pili - Respiratory droplets are very infective using Pilus called filamentous
hemagglutinin

Bow tie - Pertussis Toxin - Ribosylates Gi disabling it

Gl uniform - Toxic inhibits Gl, Disabled Gi (G inhibitor Protein)

Military Camp - Leads to a rise in CAMP

Popcorn, overabundance of white kernels - ADP Disables Chemokine receptors for lymphocytes
leading to an overabundance of white blood cells in the blood stream, lymphocytosis

EF Shield - Adenylate cyclase toxin acts like the anthracis toxin edema factor, increases cAMP,
Edema Factor, Most Virulent

Tractor on the middle road cutting the grass- Tracheal toxin damages ciliated cells in the
epithelium, tractor cuts long cilia grass

Vet coughing vigorously - Catarrhal phase, limited symptoms nonspecific, most bugs, most
contagious. 1-2 weeks

Whooping Horn - Paroxysmal - characteristic cough "Whoop"

100 days war banner - Convalescence stage - final stage lasting 3 months with a cough, 100 day
cough, most susceptible to secondary infections

Crow - Treatment Macrolides

Syringe with cell phone - DTaP - acellular vaccine using purified antigens

Red Hues - Gram Neg

Aerobic

Non motile



