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Gram Staining – Gram Positive = Dark Blue/Violet; Gram Negative = Red/Pink [Note: Other cells such as PMN’s may also appear pink]
Organisms of Pelvic Inflammatory Disease
PID is a syndrome of infection of the pelvic organs by one or more microbes. Most infections are due to Chlamydia trachomatis and/or Neisseria gonorrhoeae. More than 50% are asymptomatic. This increases the chance of transmission and for 30% of women, the infection can spread up the genital tract to cause PID. Mild/non-specific symptoms of PID such as abnormal bleeding, dyspareunia [pain during urination] and vaginal discharge, may be unrecognized leading to potentially more severe PID and infertility. 
Neisseria Gonorrhoeae – 
Appearance: Gram Negative Diplococcus [Kidney bean shaped]; also appears as Gram-negative cocci inside PMN
Cultures: Chocolate Blood Agar (CBA) – heated RBC releasing growth factors [Used to grow N. Gonorrhoeae and Haemophilus influenzae]

Gonococcal medium [Thayer-Martin] – enriched like CBA with antibiotics [vancomycin, colistin, nystatin] selective for Neisseria species. Helps prevent masking by other bacteria such as E. coli. 

Biochemical Tests: Oxidase [detecting oxidative phosphorylation via platinum loop on oxidase reagent] Positive

Carbohydrate fermentation via Durham tube testing for production of acid/acid and gas 

( Ferments glucose ONLY
Molecular Tests: PCR [no antibiotic sensitivity testing]
Chlamydia Trachomatis – 

Appearance: No Gram Stain [structurally Gram negative]; Obligate Intracellular bacterium 
Cultures: Gold standard for diagnosis but requires special techniques and a cell culture [as it is intracellular]


Sensitivity is also not high, with swabs toxic and requiring special transport, freeze/thaw cycles
Biochemical Tests: Enzyme linked immunosorbent assay (ELISA) and Direct florescent antibody staining using monoclonal antibodies and a genetic probe to hybridize to the nucleic acid. Less sensitive. 
Molecular Tests: PCR [can use urine as well, less sensitive] which is more sensitive than culture, faster, and easier.
Plates

Gram stained slides

Slide A – Gram positive rods (natural flora)

Slide B – PMN’s and Gram negative diplococci (Gonorrhea)

Slide C – PMN’s and Gram negative diplococci as well as some gram positiveve rods

(Discharge from infected patients will contain –ve diplococci inside PMN cells (intracellular – N. Gonorrhea invades polymorphs) and extra cellular as well)

Plate 1 – 2 types of colonies, one made up of small circles, and another of big circles.  Thus, two different types of organisms.  The small one is just a commensal harmless organism, the big type is Neisseria Gonorrhea

Plate 2 – 1 type of colony – just the big colonies – N. Gonorrhea

Plates 3 & 4 – no growth

Photographs

Chlamydia appears as green dots after direct fluorescent antibody staining.
You can also see them as inclusion bodies inside cells.
Case Study 1

A 23-year-old woman was referred to a public health clinic as a result of contact tracing in a case of gonorrhoea. The woman, who had recently had unprotected sexual intercourse, had no symptoms. Physical examination was normal. Pelvic examination demonstrated a white vaginal discharge but was otherwise unremarkable.
What specimens would you collect from this patient? 
Cervical Swab, Urine Test
What specific tests would you order to detect the possible causative agent in this case?
Gram stain and Culture on CBA / Gonococcal Medium; Biochemical Testing [Oxidase/Glucose]; PCR
What is your interpretation of these results?

Chlamydia trachomatis based on PCR; Negative for N. Gonorrhoeae, no culture growth

Why is infection with this organism of particular concern?

Its Asymptomatic; May be passed on without knowing and may cause infertility

What further steps should be taken to prevent this patient becoming reinfected or others being infected with the organism identified in this case?

Antibiotics, Notification, Advice on sexual practices

Case Study 2

Peter is a 19 yr old with a hectic social schedule. He attends the university medical clinic for the first time with an upper respiratory tract infection (URTI) and asking for a medical certificate. Peter hasn’t been to see a doctor since he sprained his ankle in Year 11 and is otherwise healthy. He has recently met a new girlfriend and asks for advice on contraception. The GP asks if he has already had unprotected sexual intercourse with this girl. He admits that he has, however states that he is not worried as she has had her period and therefore is not pregnant. The GP asks Peter if he has ever considered the possibility of catching a sexually transmitted disease (STD) from his new girlfriend. Peter is shocked and says that she is a very nice girl and certainly would not have a STD. Although Peter has no symptoms of a genital tract infection he agrees to provide a sample of urine to test for gonorrhoea and chlamydial infection.

What is the likely causative agent?

PCR shows N. Gonorrhoeae and negative for Chlamydia

Based on these findings what steps should the GP take in the management of Peter's case?
Antibiotics; Notification; Advice on sexual practices; treat URTI

Case Study 3

Mary a 16-year old schoolgirl presents to the emergency room of the local hospital complaining of a 4-day history of crampy abdominal pain and post coital bleeding. She denies symptoms of urinary tract infection and abnormal discharge and states that she has not noted any chills or fever. She has had no nausea or vomiting. She says that in the 24 hours prior to presentation the pain has increased a lot. She is sexually active and has had one male partner in the

preceding 3 months. She claims to use condoms as a method of birth control. 

On examination her temperature was 38.3°C and there was exquisite tenderness in the right upper quadrants as well as left lower quadrant. On pelvic examination, cervical motion tenderness was present. No masses were palpated.
What is your differential diagnosis?
PID – Post coital bleeding, fever, right upper quadrant pain; Appendicitis; Ectopic Pregnancy

What are the two most likely aetiological agents?
Chlamydia and Gonorrhea as co-infection is common [Gonorrhea helps Chlamydia infections] 

What other organism could be involved?
Also caused by Mycoplasma, Ureaplasma, Staphs and Streps

List tests required for diagnosis

PCR, Urine, Culture, Gram Stain, Carbohydrate fermentation

What are the potential consequences if such an infection remains undiagnosed?
Infertility

Common Causes of Diarrheal Illness in Children

MacConkey Agar (MAC) [Selective for git organisms eg. Ecoli]
Contains bile salts which inhibit many non-enteric (non-intestinal) organisms making it a selective medium. It also contains lactose and neutral red which allows differentiation between lactose fermenters and non-fermenters. This makes it also a indicator or differential medium. 
Lactose fermentation comes out as pink/red colonies – Escherichia coli
Non-lactose fermentation comes out as a creamy colour – Shigella spp., Salmonella spp.

Coagulase: breaks down fibrinogen into fibrin. Why staph aureus [coag. Pos] can cause boils. Staph epidermis is –ve. 

Campylobacter Agar (CSA) - Horse blood agar made selective for campylobacter spp. by the addition of antibiotics bacitracin, cyclohexiomide, colistin, cephazolin, novobiocin. This is used to differentiate campylobacter from other bacteria.

Catalase Test [differentiates staph + and strep] Catalase is an enzyme capable of decomposing hydrogen peroxide, liberating gaseous oxygen. It is widely distributed in nature, being present in most aerobic cells. The function of catalase is to remove the toxic H2O2 as it is formed during oxidation-reduction processes involving O2.

Bubbles of O2 appear = positive result
No gas production = negative result

Oxidase Test This tests for the oxidase enzyme involved in oxidative phosphorylation. Growth is removed from the medium with a platinum loop and placed on a filter paper soaked with oxidase reagent (tetramethyl-p-phenylene diamine). 

Purple/blue colour of growth in 30 seconds = positive 
No colour change of growth = negative

Wet preparation - A small amount of faecal material is mixed with saline. A drop of the suspension is placed on a microscope slide and covered with a coverslip. It is then examined for pus cells, RBC, motile amoebae, Giardia lamblia.

Enzyme-Linked Immunosorbent Assay (ELISA or EIA) ELISA is an indirect method of detecting viruses by the presence of antibodies to that virus in the patient serum. Method: 

1. Antigens of virus are added to wells 

2. Patient’s serum is added 

3. Antigen-antibody complexes form if there are antibodies present in the patient’s serum 

4. Excess antibodies are washed off 

5. A second set of antibodies are added which are coupled to an enzyme 

6. Excess antibodies are washed off 

7. A substrate for the enzyme is added which reacts with the enzyme so that it breaks down, causing a colour change. 

Case 1 
A one-year-old male (eating breast milk, semi solid rice meal) was admitted to hospital with fever and dehydration. His parents reported that he had a 1-day history of fever, diarrhoea, and vomiting and decreased urine output. On admission his vital signs revealed a temperature of 39.5˚C, slight tachycardia with a pulse rate of 126/min and a respiratory rate of 32/min [Normal ~12-20 but kids have a higher heart/breathing rate. Not super concerned]. His general physical examination was remarkable only for hyperactive bowel sounds. Laboratory tests showed a leukocytosis with a WBC of 14,200/ul with 80% PMN (acute infection. Neutrophils). Urine analysis showed a high specific gravity and the presence of ketones (consistent with dehydration). Specimens were collected and the child was given IV normal saline and had nil by mouth. Over the next 24 hours his vomiting abated. Once he was rehydrated and was tolerating oral feeds he was discharged.
Key Features
Tachycardia: rapid heart beat
Leukocytosis: large increase in white blood cells 
Ketone: any of a class of organic compounds, such as acetone, having a carbonyl group linked to a carbon atom in each of two hydrocarbon radicals. (ie. R(CO)R’)
IV normal saline: intravenous solution of 0.9% w/v of NaCl.

Q1. What is the differential diagnosis? 
· Bacteria: E.coli, shigella, salmonella or campylobacter – identified by agar, catalase, oxidase and motility tests. 

· Virus: Rotavirus, norovirus, astrovirus, adenovirus – identified by ELISA 

· Parasite: Giardia, cryptosporidium – identified by wet preparation
Suspect Rotavirus; common in children.
Some points to note are: 

· Vomiting symptoms are usually associated with viral infections

Q2. What specimens would you collect from this child? 
· Blood sample - ELISA test, check for septicemia 
· Stool sample - culture it to look for bacteria and wet prep/microscopy it for parasites. Mucus might suggest bacteria. 

· Urine – check for dehydration
Q3. What were the test results?

ELISA +ve, MAC and CSA –ve, no foecal leukocytes, no cysts, no bacterial pathogens
EIA for rotavirus 

Q4. Why is rapid testing for the detection of rotavirus valuable?

Rotavirus must be diagnosed early because patients can get dehydrated very quickly. Also, the test is fairly cheap and so the administering of antibiotics can be avoided. It is also good for preventing virus spread.

Q5. What is the most common cause of paediatric gastroenteritis in children in Australia?


Rotavirus

Q6. What treatment is most effective?

Symptomatic Treatment: Rehydration with saline solution. This can either be done orally or intravenously. 
Allow gastrointestinal tract to settle before reintroducing foods (bland, easy to digest foods)
* Rotavirus is usually self limiting and Antibiotics are not useful in viral infections.
Q7. What special infection control precautions are necessary in the hospital setting when caring for a patient with gastroenteritis? 
· Hygiene – using gloves, washing hands 

· Isolation – to prevent spreading of the virus, e.g. No shared bathrooms

Case 2 

A twelve-year-old girl presented with her mother to the outpatients department for evaluation of diarrhoea and abdominal discomfort. The girl had first noted the mild abdominal discomfort and had had three loose bowel movements per day for a week prior to evaluation. Two days prior to evaluation she had intermittent, crampy periumbilical abdominal pain. She denied drinking anything but tap water, and reported no fever or blood in the stool and did not relate the pain to meals. She had no dysuria or haematuria. On examination the patient was afebrile and had normal vital signs. On abdominal examination there was mild lower abdominal tenderness. Faecal Laboratory evaluation demonstrated a normal white blood cell count, haematocrit and platelet count. Examination of the faeces microscopically revealed the presence of white blood cells. 
Key Features
Periumbilical: situated or occurring adjacent to the navel
Dysuria: painful or difficult urination
Haematuria: the presence of blood or blood cells in the urine
Afebrile: having no fever

Q1. What is the morphology of this organism?
The organism was a gram negative (pink gram stain) rod (curved like how you draw seagulls)

Q2. Given the case history what is the most likely causative agent?
Campylobacter spp. Because of the longer time period. And eg. Blood in stool would have suggested Shigella
Symptoms: WBCs in stool (indicates bacterial infection), abdominal cramps
Pain is not associated with meals (Shigella and Salmonella, can cause patients to feel nauseous, not want to eat) 
The most common bacterial enteric pathogen. 

Q3. Are the culture plates consistent with the prediction? 
Yes. Catalase +ve, Oxidase +ve, CSA +ve, MAC –ve 

· No growth in the MacConkey Agar, however positive growth in the Campylobacter medium

Campylobacter medium is selective, only allows growth of Campylobacter, due to addition of several antibiotics which inhibit growth of other bacteria. No MacConkey growth shows it is not Shigella /Salmonella, the other 2 most common causes of bacterial diarrhoea .

Q4. What is the epidemiology of this organism? 
· Warm weather 

· Infection spread by faecal-oral route 

· Poultry and other livestock is a common source, also in milk and water 

· Infected persons could shed the organism for several weeks. It is rare for someone to carry it for a long time 

· Children are mostly infected and adults between 20 and 29 years of age


Q5. What simple precautions can be taken to prevent its spread? 

· Hygiene – wash hands, hot water 

· Proper food preparation – eg. Don’t use the same knife for cutting raw meat and vegies.


Q6. How would you treat this girl?
Rehydration. Since the infection is self-limiting, it is usually not necessary to treat with antibiotics- risk of upsetting balance.
Antibiotics may be useful in some cases (eg. Immunocompromised children.)
Erythromycin [if very young/old or prolonged over two weeks]: it prevents bacteria from growing by interfering with its protein synthesis. It binds with a portion of the bacterial ribosome, thus inhibiting the bacteria’s translocation of peptides.
Ciprofloxacin [if allergic to erythromycin]
Case 3 

A three-year-old girl was referred to the paediatric gastroenterology clinic with a six-week history of diarrhoea. Her diarrhoea was foul smelling and was characterised as green and often watery. Although potty-trained she was occasionally incontinent of faeces. She had no fevers, nausea, or vomiting. She was an only child who attended a day care centre. Her mother had had diarrhoea for 3 days about 1 month previously. The family drank filtered water. Her physical examination was unremarkable. The gastroenterologist asked the local clinician to have the mother send two stools from the child for parasitic examination. 

Incontinent: inability to retain bodily discharge voluntarily 

Q1. What is the likely organism causing the diarrhoea? 
· Giardia lamblia (tear shaped, flagellated protozoan) 

· EIA +ve indicating that it was a parasite 


Q2. How are infections with this organism typically diagnosed? 
· Wet prep à microscopy to look for cysts 

· EIA 

· Fluorescent antibody stain (specific)

Combination EIA was positive - could be either Giardia and or Cryptosporidium 

· Yellow colour change 

Use of Direct microscopic fluorescent antibody enhanced technique to find out which parasite is present 

· Similar to normal EIA, except antibody (that is normally linked to the enzyme) is now chemically tagged with fluorescent markers 

· Cryptosporidium is a more spherical parasite than Giardia 

· PCR can also be used to determine which parasite it is


Q3. What symptoms does this organism normally cause? 
· Foul smelling stool due to malabsorption of fat, often float 

· Diarrhoea and constipation 

· Flatulence 

· Sometimes asymptomatic. Usually no fever. 

· Weight loss 

· Malaise



Q4. Briefly outline the pathogenesis of this organism, including any virulence factors this organism may have. 
Giardia can exist in two different stages: 

· Trophozoite: an activated, feeding stage of a protozoan parasite 

· Stage that causes disease (in small intestine) 

· When expelled from host, will die 

· Bi nucleate, 8 flagella 

· *Reproduce

· Cyst stage: a dormant stage, coating allows resistance to dehydration. Can survive harsh environments and be transmitted 

· Person-person via faecal-oral route


Firstly, the human ingests the cyst through a foecal-oral route. This can occur through drinking contaminated water, food or directly handling it. Then it enters the stomach which lowers the pH of its environment. It then changes into an excyst in the duodenum. There is an interaction with the pancreatic and gastric derived proteases to change the cyst into a trophozoite. They reproduce in the duodenal crypts. The trophozoite are flagellated (able to move) and have central sucking disc which help in attachment. This results in blunting of the microvilli and hence reduced levels of disaccharidases, which leads on to malabsorption causing diarrhoea [shortening of the villi, crypt cell hypertrophy, and increased inflammatory cell infiltration in the lamina propria]. 

Q5. What age group is most commonly infected with this organism? 
· Children under the age of 5 years [childcare] 

· Adults (usually parents of infected children) 

· Immunocompromised


Q6. This organism is of particular concern in children in day care settings. Why? 
· Closed environment 

· Low sanitation levels 

· Poor hygiene – kids are grubby and don’t wash their hands 

· Giardia cysts are resistant to chlorine based disinfectants 
Upper Respiratory Tract Infections and Otitis Media in Children

Case 1

Mrs Anders presents to her local GP with her 12 mth old son Andrew. She tells her GP that Andrew developed a low grade fever and runny nose 2 days ago, which she had been managing at home with paracetamol and over-the-counter medicines. She then states that she is now worried as the fever is still persisting. Upon examination, he had a temperature of 38°C, there were no signs of otitis media, his throat was only slightly red however there was a lot of mucus running down the back of the child’s throat.
1. What is the likely diagnosis? 
Common cold (low grade, longer onset, clear runny exudates)

2. What are the likely agents? 
Rhinovirus, coronavirus, respiratory syncytial virus (RSV), parainfluenza virus

3. How would you manage this case? 
Treat the symptoms-> painkillers, fluid, rest, decongestant. No antibiotics.

4. Why does the infection lead to a running nose? 
Virus replicates within nasal epithelium/lining- > cell damage-> infection spreads and outflow of fluid from lamina propria.
Viral infections often followed by bacteria due to imbalance of commensal organisms
Body limits bacterial numbers by shedding epithelial cells

Case 2

A 10 y.o. boy was brought by his mother to the medical clinic with a sore throat. The boy tells the GP yesterday he developed a sore throat and that last night, it became much worse. On examination he was feverish (38°C), with exudates on his tonsils and tender lymph nodes. His chest is clear and ear drums are white with a normal white reflection.

1. What is your diagnosis? 
Pharyngitis and/or tonsillitis.
Exudate-> suggestive of bacteria. Bacterial infections tend to have a quicker onset.

2. What are the most likely causitic agents? 
Strep. pyogenes, viruses

3. What specimens would you collect from this patient? 
Throat swab, blood sample

4. What tests would you request to confirm your diagnosis? 
Throat swab/blood agar culture.
Why is it important to confirm strep pyogenes? – You can give antibiotics-usually penicillin
Also because nasty sequalae can develop from it-eg. Rheumatic fever, skin infection, kidney disease.

Rapid strep antigen, Throat culture, microscopy, catalase. We would not ask for a serology for EBV, since we cannot treat viruses anyway

Test results: 

· Facultative anaerobe (beta-hemolytic ie. Clear for Blood Agar) 

· Gram +ve cocci 

· -ve catalase 

· Growth around antibiotics - bacitracin

5. If a throat swab is taken from an individual with a viral sore throat, what would you expect to see on an HBA culture plate? 
Commensal organisms - Normal Flora since viruses do not grow on the plates!
Clear haemolysis
Growth around antibiotics - bacitracin

6. What other symptoms are commonly found in this condition?
Runny nose, headache, dysphagia (pain when swallowing), fever, chills, myalgia (muscle pain), nausea, petechiae (red or purple spots caused by minor haemmarhage) of the palate, anterior cervical lymphanopathy, vomiting (in children).

5. Should all sore throats be treated with antibiotics? 
No-because this will lead to increased resistance, and most infections are viral (80%).
Case 3

A 1 year old, dehydrated female infant, Catriona is brought to the Emergency Department in respiratory distress-increased work of breathing and increased respiratory rate. Her father reports that, following a period of increased nasal discharge and a slight pyrexia (fever) which lasted for 3 days, she began breathing fast and developed a paroxysmal cough (classic of whooping cough). The coughing spells usually ended in vomit. Catriona is admitted to hospital and nursed in a side room. A chest X ray was done. Vital signs are closely monitored and parental hydration is commenced. A full blood count revealed a high white cell count (50x 10^9/L, 70% lymphocytes over the next 2-3 days she becomes less distressed and the coughing resolves.

1. What is the most likely diagnosis and what is the causative agent? 
Diagnosis: Whopping cough*
Most likely causative agent: bordetella pertussis
[*This is a notifiable disease]

2. What other information should be elicited from the parents?
Vaccination status.
Contacts-> day care/siblings

3. How may the diagnosis by confirmed?
PCR
ELISA
Agar pernasal swab -> culture is difficult but it does guarantee. Culture in Charcoal cephalexin blood agar. Bordatella Pertussus colonises in bisected, pear-like colonies in 5 days. It is a gram negative cocci.
Blood cell count

4. What treatment would you recommend?
Early antibiotics: 
3 stages of Whooping Cough
1. Catarrhal 1st week-looks like a cold, runny nose, and most infection occurs at this stage. Antibiotics reduce spread. 
If it’s in the Paroxysmal Stage-whooping cough, (as in this case) the antibiotics help to relieve.
2. Prophylactic (preventative antibiotics) treatment for contacts. Isolation
3. Convalescent - persistent cough, LONG time - "cough of 100 days"
Symptomatic treatment –anti-tussive, anti-spasmotics, sedation
Case 4

A father brings his 2yo daughter to your surgery as she has been very upset and tugging at her right ear for the past two days. He tells you that she has had a cough and runny nose for about 4 days and that they have been treating her with an over-the-counter cold medicine. For the past two days she also has had a low-grade fever of about 38.5°C. her immunizations are up to date. Both her parents smoke.
On examination the child is a little irritable but is not lethargic or toxic-appearing. On otoscopy her right tympanic membrane is found to be erythematous, oedematous, bulging and leaking fluid. The left TM is clear with good mobility. Her lungs are clear to auscultation. The rest of the examination is normal

1. What is the provisional diagnosis? 
Otitis media with effusion (often preceded by URTI)
[Confirm with otoscope.] Causes-virus, bacteria

2. What are the major risk factors for this infection? 
Childhood: flatter, shorter Eustachian tube
A blocked nose or the presence of other infections. 
Other factors: Small airways, day care, cigarette smoke, breast feeding vs. bottle feeding,

3. What are the three most common bacteria associated with this infection?
Strep. Pneumoniae, Haemophilus influenzae, Moraxella catarrhalis
4. What specimens if any should be collected and what lab tests should be conducted? 
Usually clinicians don't bother with lab tests unless it is a very bad case or chronic. Most Otitis Media is based on Clinical observation.
If there is fluid from ear: You can run these tests: Gram stain, HBA culture, PCA.
If there is no fluid available: You could pierce the membrane and extract fluid but this is rarely done because of the high risk of infection/serious damage to the membrane/discomfort.

Lab Results:
· Strep. Pneumonia. 

· Alpha (green) hemolysis -> sensitive to optochin. 

· Gram +ve coccus
5. How would you manage this patient? 
Pain relief
May use antibiotics-> Especially for children less than one. For children over 2y.o., usually you would wait a 1/2/3 days before filling a prescription – wait for it to resolve.

6. What are the major complications of acute OM? 
Hearing loss (conductive), behavioural problems, language and cognitive development problems/delay.
Diagnosis of Infection

	Specimen
	Tests

	
	Gram stain
	Appearance
	Biochemical test
	Identity

	Infected Wound
	Gram positive Coccus.

Facultative anaerobe.
	Small, round, yellowish pigment
	Catalase positive,

Coagulase positive
	Staph. Aureus (the ‘golden staph’)

	Impetigo
	Gram positive Coccus
Facultative anaerobe.
	Small, whitish. Beta-haemolytic [clear].


	Catalase negative,

Bacitracin sensitive


	Strep. pyogenes

	Gonorrhoea
	Gram negative Coccus
Strict aerobe
	Creamy white colonies on chocolate blood agar (but no growth on horse blood agar)
	Oxidase positive
	Neisseria Gonorrhoea

	Urinary tract infection
	Gram negative rod
	Pink colonies on MacConkey plate (shows that it is lactose positive)
	Indole test positive [red/pink].
	E. Coli

	Pneumonia
	Gram positive Coccus
	Large, moist mucoid [capsule] colonies.

Alpha-haemolytic
	Opticin sensitive.

Catalase negative.
	Strep. Pneumoniae.

	Cystic fibrosis
	Gram negative Rod
	Strict aerobe.
	Oxidase positive
	Pseudomonas species.

	Gas gangrene
	Gram positive rod
	Strict anaerobe.
	Lecithinase positive.

Glucose fermentation positive.
	Clostridium perfringens.


Urinary Tract Infections
UTIs:
· Cystitis (bladder) – symptoms: dysuria, frequency, urgency, suprapubic pain 

· Pyelonephritis (kidney) – symptoms: fevers, chills, rigors (systemic); flank pain


E coli causes the majority of UTIs (~80%) - Proteus, klebsiella, pseudomonas, staphylococcus may also cause infection

Questions:
1. MacConkey agar contains bile salts so is a selective medium for GIT bacteria (bile salts inhibit many non-enteric organisms). It also contains lactose and pH indicator allowing differentiation between lactose fermenters (pink: eg e coli, klebsiella) and non-fermenters (creamy: eg proteus, shigella, salmonella, pseudomonas aeruginosa) 

	Organism
	Gram
	MacConkey Agar

	E. Coli
	-ve rod
	Pink

	P. vulgaris
	-ve rod
	Cream

	K. pneumoniae
	-ve rod
	Pink

	E. faecalis
	+ve cocci
	Pink

	Staph saprophylticus
	+ve cocci
	Pink

	Ps. Aeruginosa
	-ve rod
	Cream/green


3. These bacteria are involved in UTIs as they are commonly found in the GIT, and can spread from the anus to the vagina/urethra. 

4. Most common route of entry of organism is up urethra into urinary tract.

Case 1 
Gillian, a 23-year-old receptionist has a 2-day history of frequency, dysuria and slight haematuria. She also complains of suprapubic pain but there is no vaginal discharge. Three weeks previously her GP had prescribed ampicillin for 5 days for a similar episode, she increased her fluid intake and the symptoms had gradually resolved. There is no relevant previous history and physical examination is unremarkable. 
1. Likely diagnosis: cystitis (from history – frequency, dysuria, haematuria, suprapubic pain; no vaginal discharge (so unlikely STI); no relevant previous history (so unlikely anatomical/congenital defect). Likely staph saprophylticus infection (from gram stain, catalse +ve, coagulase negative; presence of leukocytes in urine) 

2. Possible complications: spread to kidneys, causing kidney damage, or septicaemia (systemic infection) 

3. Mechanisms producing UTI symptoms: inflammation causes pain and tenderness; irritates cells and sphincter causing frequency and dysuria 

4. No the identity of the bacteria isolated cannot be used to predict the site of the UTI. 

5. Recommended treatment: antibiotics, eg cephalexin (but not ampicillin) 

6. Further investigations are not warranted, infections such as this are common
Case 2
A married woman aged 22, has complained of lower abdominal pain and tenderness with some pain and difficulty in passing urine. 
<10x106 

WBC/L, 

<10x106 

RBC/L, 

>100x106 
Epithelial cells/L 
a) High number of epithelial cells – contaminated sample

b) Antimicrobial sensitivity tests should not be done and reported as it is a bad sample

c) On lab report, write “Contaminated specimen, please collect again” 

1. Contaminated urine specimens can occur if a midstream urine is not taken 

2. 3 lab findings consistent with a contaminated specimen: high epithelial cell count; too few organisms, mixed bacteria 

3. Defence mechanisms operating in the urinary tract: mucosal integrity/sloughing, flushing, sphincter 

4. Predisposing factors are when the host defence is compromised: ie mucosal damage, stasis (eg renal stone, congenital abnormality, urethritis, tumour, paraplegia), loss of sphincter control (eg neurological diseases), catheters; also hospitalized patients, women 20-40yrs (sexually active), pregnant women, children with anatomic abnormalities of the urinary tract, uncircumcised male infants, males over 60yrs (prostate hypertrophy)

Case 3 
A 4-month-old female child presents with fever and irritability. A bag urine specimen is collected. 
Microscopic examination of her urine reveals: 

WBC 

20 x 106 /L 

RBC 

<10 x 106 / L 

Epithelial cells
 <10 x 106 / L 
1. Bag urine is collected as it is the only non-invasive way of collecting urine from a young child 

2. In the case of babies, the other method of urine specimen collection is suprapubic aspiration (syringe into bladder) 

3. Results are consistent with E coli infection 

4. Management: antibiotics, and investigate for congenital anatomical abnormalities eg reflux

Transmission of Infection
What factors need to be taken into account when assessing the spread of an infection? 

Route of transmission.

What technique would be most appropriate to measure the amount of HIV antibody in a person's serum?

ELISA – enzyme-linked immunosorbent assay (Medical Microbiology pg 460 for diagram)

· To detect the antibody to be tested, an antigen is added

· A labeled anti-antibody (anti-immunoglobulin) is then added

· This anti-antibody binds to antigen-antibody complex

· As anti-antibody is labeled with fluorescent probe, the amount of test antibody can be measured

Secondary tests follow to confirm positive result, e.g. Western Blot.
Part A: This experiment simulates the spread of HIV through a population.

If that person “encounters” three others, who each encounter two others, who each encounter one other, how many of your group do you expect to end up “positive”?
As many as 16.
Modelling body fluid exchange: Each student has two Eppendorf tubes representing their body fluid. One half of each student’s tube was exchanged with another student, three times. 
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ELISA was performed [adding 100μl of +/- controls, and 3 x 100μl of sharing fluid, tipping out, adding wash buffer, tipping out (x3) and adding 100μl of antibodies, incubating, washing out and adding 100μl of substrate. Record observations after 5 minutes for positive students.

The sample table below (Table 1) shows an example of the exchanges for a class of 10 students with one original carrier. The column "test" represents the assay after the three exchanges. In this sample, either "Bill" or "Sally" must have been the original carrier. The "Bold" type shows a reconstruction of how the infection spread, and the class would have to assay the non-sharing fluids of Bill and Sally to determine which one was the original carrier. 

Major routes of transmission of pathogens [from display board]

Transmission can be:

· Direct person-to-person – direct contact e.g. touching, kissing, sexual intercourse

· Indirect person-to-person – contact with fomites 

· Vertical transmission

· Other – respiratory (droplet) spread, arthropod-borne, zoonoses

Infectious diseases include:

Salmonellosis

· Microorganism responsible – Salmonella typhimurium

· Transmission – fecal-oral [food preparation is potential for cross contamination]

· Symptoms – gastroenteritis

Enteric Disease

· Microorganism responsible – noroviris

· Transmission – fecal-oral [common in densely populated settings e.g. cruise ships]

· Symptoms – GI illness

Ross River Virus

· Transmission – mosquito

· Seasonal peaks – February, March, April

· Symptoms – tiredness, joint pain and stiffness, rash, fever

· Treatment – anti-inflammatory medication e.g. Panadol

Hepatitis A

· Acute inflammation of liver

· Results in life-long immunity to further infections

· Does not lead to chronic disease

· Symptoms – gastroenteritis-like illness

· Risk factors

· Foreign travel

· Contaminated food/water

· Household contact with infected person

· Living in area with HAV outbreak

· Anal-oral sex with infected person

· IV drug use

· Transmission

· Fecal-oral route by ingestion of fecal contaminated food/water

· In water, HAV can remain infectious for up to 10 months (hence shellfish should be thoroughly cooked)

· Close personal contact with infected person

· Prevention

· Vaccination of uninfected individual

· Effective hand washing technique

· Exercising caution when traveling to foreign countries

· Drinking only save water

· Avoid beverages made with ice

· Avoid uncooked shell fish and fruit and vegetables not peeled or prepared by self

Hepatitis B

· Transmission

· Blood-to-blood

· Sexual contact

· Perinatal transmission

Hepatitis C

· Hep A and B cause acute infections from which patient recovers completely.  They develop antibodies that protect them from disease

· Hep C is a “quick-change” artist - once the virus is inside body, it changes its form to evade discovery and attack by immune system

· Patient infected with one type of Hep C not necessarily protected from other types

· Hep C patients do develop antibodies, but it is not curative/protective as in Hep A and B.  This is because the antibodies do not completely get rid of virus, and infected people develop chronic hepatitis.

· Transmission – infected blood, blood products and needles

· Transfusions

· IV drug use (50-60%)

· Occupational exposure to infected blood (needle stick injuries) – 2%

Bacterial Meningitis

· Bacterium involved – Neisseria meningitidis

· Infection of fluid in spinal cord/brain

· Symptoms – high fever, stiff neck, headache

· Transmission – respiratory and throat secretions

· Sharing eating utensils/water bottles

· Kissing

· Infected person cough on another person

· Diagnosis by sample of spinal fluid

· Preventative treatment - antibiotics
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Toxoplasmosis

· Parasite transmitted in cat faeces

· Causes birth defects in unborn child and infection with cold-like symptoms

· Mother is infected by

· Improper handling of cat litter

· Handling or ingesting contaminated meat

· Fetus may contract through placental connection with infected mother

Immunity and Opportunistic Infection

When host defences are down, pathogens which don’t normally cause infections in non-immunocompromised people are a problem known as opportunistic infection. Different defects in host defences predispose to different pathogens.
Case 1
62 y.o. non-insulin dependant diabetic man, partial thickness burn to right foot when it came into contact with electric radiator. Burn initially painless, no contact with doctor till two days later when he noticed spreading redness and swelling around burn and foot was becoming painful. Referred to hospital – blood tests reveal poorly controlled diabetes, and swab from burn wound yields profuse growth of staphylococcus aureus. Patient responded to Rx and was discharged from hospital 3 weeks later.

1. Why might the burn have been painless initially?

· Most likely peripheral neuropathy from diabetes

· Or the patient might just have a high pain tolerance

2. Photograph shows appearance of patient’s foot at time of admission. What is your clinical diagnosis?
· Gangrene from burn

3. What are the main risk factors that predispose this patient to infection

· Diabetes. 2 main reasons:

i. Peripheral neuropathy – less likely to feel pain and therefore reflex response to burns etc is lessened, so more trauma may be inflicted

ii. Higher blood sugar levels can encourage bacterial colonisation

· Improper initial burn wound care (no treatment for 2 days)

4. Why is the discharge not purulent?

· Tissue death from gangrene ( no blood supply. Because of this restrictive blood flow, neutrophils cannot get out, so it is not purulent.

5. Likely source of s. aureus in this case?

· Normal skin flora (endogenous)

6. What general measures should be taken to treat this patient?

· Oral antibiotics

· Treat wound – dress, clean

· Elevate foot to drain oedematous fluids

7. What steps should be taken to protect this patient from future injuries?

· Treat the diabetes

· Avoid burn risks

Case 2

29 y.o. previously healthy male, involved in house fire and suffered full thickness burns 50% of body. Rushed to hospital, necrotic tissue removed from the wounds under IV antibiotic cover. Local antibiotics and dressings applied. Remained in intensive care, suffering severe shock. After 6 days, body temp falling markedly, respiratory rate increasing, multi-organ failure. Wounds show blackish discolouration and eschars separating rapidly revealing haemorrhage and greenish discolouration of subcutaneous fat. Patient dies despite IV antibiotics and resus attempts. Wound cultures grew pseudomonas aeruginosa, and demonstrated greenish fluorescence when photographed under UV light
1. What factors put this patient at serious risk of infection?

· Full thickness burns

· Burns to >30% of body surface area

2. By what mechanisms do his injuries contribute to the risk of infection?

· Breaks innate immune system (skin)

· Impaired blood supply because blood vessels damaged by the burn – so the inflammatory response is impaired

3. What are the possible sources of the infecting organism?
· Hospital-acquired (hospital environment, staff, other patients…)

· Endogenous microbes

4. What measures can be taken to prevent hospital-acquired infection in burn patients?

· Sterile environment

· Antiseptics

· Wash hands

· Isolate patient

· Early excision of deep burns

· Nutritional support

· Topical antibiotics

5. Why did the wound fluoresce under UV light

· Because pseudomonas aeruginosa produces florescent proteins
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Candida albicans is the most common fungal pathogen in compromised patients. It is an opportunistic pathogen and depending on the nature of the underlying compromise, can cause infection at a number of sites of the body.
Case 3
A 30-year-old homosexual man who was known to be HIV positive presented to his doctor with a 3-week history of a chronic cough productive of mucoid sputum and worsening breathlessness. He states that he has coughed up blood on two occasions over the last 2 weeks. He also complains of right sided pleuritic chest pain. On examination he was not cyanosed but had a temperature of 37.9 °C, reduced expansion of the right lung with amphoric breath sounds (signs of cavitation) over the right apex. A chest X-ray taken at the time showed a cavitating lesion in the right upper lobe). The doctor collects a sputum specimen and sends this to the Microbiology Laboratory for investigation. When a sample of sputum from a patient suspected of having tuberculosis is received, the tests used in the investigation are different from those usually employed for sputum because of the special properties of Mycobacterium tuberculosis and related organisms (viz Mycobacterium avium intracellulare/ Mycobacterium avium complex). 

Direct microscopic examination 

Tuberculosis is one of a few diseases in which a presumptive diagnosis can be made following direct microscopic examination of the infected specimen. Treatment will be started after this diagnosis by microscopy. Mycobacteria possess a peptidoglycan layer that cannot be stained by the Gram stain reagents as layers of lipid (mostly mycolic acids) surround the mycobacterial peptidoglycan. As mycobacteria can resist the acid alcohol decolourisation step of the gram stain they are referred to as "acid-fast bacilli". Specialised staining methods, which demonstrate the acid-fast properties of mycobacteria, are used; e.g. fluorochrome (auramine) smears which required a fluorescence microscope for examination, Ziehl Neelsen stain. (With the Ziehl Neelsen stain, the primary stain is strong carbol fuchsin, which is pink; this is followed by a decolourisation step using acid-alcohol and finally a blue counterstain is applied).

Procedure: (a) Examine the stained smear with the oil immersion lens for Mycobacterium tuberculosis, which will be seen as slender pink acid fast bacilli (AFB). Other bacteria will be the blue colour of the counterstain. The detection of one AFB is sufficient to make a presumptive diagnosis. If no AFB are seen the laboratory report reads "No AFB detected" rather than "Negative". A very thorough search of the smear is required to make a presumptive diagnosis. If AFB are seen->presumptive diagnosis of TB, but still need to be confirm by culture 
1.
Why is direct microscopy so important in the diagnosis of tuberculosis compared with other microbial infections? 

· Because you can make a presumptive diagnosis and start treatment right away. This is important in TB because it can be such a rapidly progressing disease with high mortality/morbidity if untreated.

Culture and identification of mycobacteria

A presumptive diagnosis of tuberculosis must always be confirmed by culture of the organism. Growth takes 3-6 weeks. Identification of Mycobacterium tuberculosis and non-tuberculous mycobacteria is based on cultural characteristics (M. tuberculosis is buff, tough and rough) and limited biochemical tests. Serological reactions play no role in identification. Another 3-4 weeks are required to perform conventional biochemical species identification and susceptibility testing. Examine the demonstration on the culture of Mycobacterium tuberculosis on the front bench and make notes. 

2. 
Why do you think Mycobacterium tuberculosis is grown in a capped bottle and not on an agar plate? 
Automated systems, eg. Bactec®, are now used in larger laboratories for culture and identification of mycobacteria. The advantages of the system are higher yield, faster growth rate, identification and susceptibility testing and in addition the same system is applicable for use with blood culture. The main drawback is the high cost and for this reason some laboratories continue to use the non-automated methods. In many laboratories Polymerase Chain Reaction (PCR) is now used for the identification of Mycobacterium tuberculosis. Examine the PCR demonstration on the front bench.

It takes 3-6 weeks to culture m. tuberculosis. The water in an agar plate would evaporate by this time.

Other random things from prac

· Alpha hemolysis – green

· Beta hemolysis – clear

· Gram positive stain – purple

· Gram negative stain – pink

· Viruses – usually about 0.07 times the size of a bacteria.

· Sizes: human cells>fungi>bacteria>viruses

· Majority of bacteria are either GPC (gram positive cocci) or GNR (gram negative rod)

· Risk factors for development of burn wound infections

· Burn covering >30% of total body surface area

· Full thickness burn

· Extreme in patient age

· Pre-existing disease (e.g. immune suppression, diabetes, vascular insufficiency)

· Virulence + antibiotic resistance of colonising organism

· Failed skin graft

· Prolonged open burn wounds

· Improper initial burn wound care

· Organisms most frequently associated with burn wound infections

· Days 0-4: staph aureus

· Days 4-7: pseudomonas, Klebsiella and E.Coli

· Later: fungi

· Under a Light Microscope (x1000)

· Bacteria look like 1mm dots

· Yeast are much bigger, and can often be seen budding

· Human cells (e.g. epithelial cells) are the biggest

· Steps in the AMPLICOR mycobacterium tuberculosis (MTB) test

1. Specimen preparation

· Clinical specimen (sputum or other) treated and DNA is extracted

2. PCR amplification

· Amplification of target DNA by PCR testing using m.tuberulosis-specific primers

3. Detection of DNA

· Detect m.tuberculosis by gel electrophoresis, or hybridisation of the amplified products to an oligonucleotide probe specific to target and detection of probe-target complex by colour formation

4. Results

· Either characteristic bands on electrophoretic gel or computer-generated results

· Other organisms that can be detected by PCR

· Quantitative testing (results in 4 hours) – HIV, CMV, HBV, HCV

· Qualitative testing – Chlamydia trochomatis, Neisseria gonorrhea, m. tuberculosis, m. avium, m. intracellulae

Viruses and Epidemics
Antibody detection is the main method for the laboratory diagnosis of viral infections. To diagnose a viral infection by serology it is essential to collect a serum sample when the patient first presents with symptoms (acute phase) and then a second serum sample in the convalescent phase of infection. When both sera samples have been collected these samples are then tested in parallel for antibodies to the specific virus. A 4-fold increase (or more) in antibody levels against the specific virus over this period of time is diagnostic of infection.
NB. Few diagnoses can be made with any confidence on the results of a single serum sample; however sometimes early testing is justified if there is a clinical suspicion of a rare infection that the patient is unlikely to have encountered before.
The Influenza Virus

Two main antigens:

Hemagglutinin: binds with receptor sites to permit penetration of the virus, causing hemagglutination with red cell receptor sites. 

Neuraminidase: acts enzymatically to allow the release of virus particles [following reproduction in the cell]

Viruses are named after the type [A or B] / Location [City] / Year [XX] (Strain [HXNX]). E.g. A/Hong Kong/68 (H3N2)

The HA and NA antigens on the virus change through either antigen shift or antigenic drift.

Antigenic Shift: A major change in either the HA or NA antigen or both. Pandemics are caused by an antigenic shift.
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Antigenic Drift: During interpandemic periods, there is minor changes in the antigens caused by natural selection allowing mutant strains which are more equipped to survive antibody reactions and spread better surviving. The variations however are still antigenically similar. 
During a meeting of teachers and medical students in Melbourne in 1978 there was a outbreak of influence A/USSR/1/77 (H1N1). 20 students from each grade were present with teaching staff.

Serum was collected on the 23rd of June and the 7th of July to see if there was an increase in antibody titres. A four-fold increase is noted.
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	Student Group

(DOB)
	Prior Exposure to H1N1
	Number in group
	No. with 4 fold or greater rise in H1N1 antibodies / number in group
	Infected

Ratio  %
	Ill Patients

Ratio %
	Ill / infected

Ratio %

	
	
	
	Ill Patients
	Unaffected
	
	
	

	1st year

(1959’s)
	No
	20
	16 / 16

(GMT<4)
	1/4

(GMT<4)
	17 / 20

85%
	16 / 20

80%
	[image: image7.png]Bacteria on your skin will not usually produce disease. The immunity to bacteria and other
micro-organisms provided by intact skin is:

(a)  specific and innate.
(b)  acquired and antibody-mediated.
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(d)  acquired and cell mediated.
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16 / 17

94%

	2nd year

(1958)
	No
	20
	13 / 14

(GMT<4)
	1 / 6

(GMT<4)
	14 / 20

70%
	13 / 20

65%
	13 / 14

93%

	3rd year 

(1957)
	No
	20
	17 / 17

(GMT<4)
	1 / 3

(GMT<4)
	18 / 20

90%
	17 / 20

85%
	17 / 18
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future, the preferred method of treatment would be:
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‘amixture of toxoid and antitoxin as one injection

an antitoxin injection this visit.

a toxoid injection this visit, with an injection of antitoxin approximately three weeks
later.
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94%

	4th year

(1956)
	Yes
	20
	8 / 8

(GMT 4)
	4 / 12

(GMT 16)
	12 / 20

60%
	8 / 20

40%
	8 / 12

66%

	5th year

(1955)
	Yes
	20
	4 / 4

(GMT 6)
	3 / 16

(GMT 32)
	7 / 20

35%
	4 / 20

20%
	4 / 7

57%

	Postgrads

(1954)
	Yes
	20
	5 / 5

(GMT 8)
	2 / 15

(GMT 64)
	7 /20

35%
	5 / 20

25%
	5 / 7

71%

	Staff
	Yes
	80
	11 / 12

(GMT 8)
	4 / 68

(GMT 128)
	15 / 80

19%
	11 / 80

14%
	11 / 15

73%
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What reasons can you give for the difference in H1N1 infection rates in the various groups?
Previous exposure determined by age/dob was the main factor. Previous exposure in the older groups allowed greater immunity (higher GMT values). 

In this outbreak, only 6 isolates of H1N1 were obtained. Is there good evidence that the vast majority of illness was caused by this virus? What is the evidence?

Yes, the patients had a rise of antibody levels for the H1N1 strain of influenza which is specific indicating it was an outbreak of H1N1 which caused the illness [symptoms alone aren’t enough; antibodies are proof]

Did H1N1 infection always cause illness in susceptible subjects? What is the evidence?

No, the ratio of ill/infected is not 100% indicating there are people in each group who were infected with H1N1 but did not fall ill.
Did pre-existing H1N1 antibody always prevent infection and illness? What is the evidence?
No, there was high GMT in affected patients too. High GMT is a result of a second exposure to the pathogen allowing a secondary response which is faster and stronger in terms of antibodies.

Was there a tendency for higher levels of antibody to prevent infection? What is the evidence?

Yes, higher GMT meant higher antibodies levels and lead to a lower rate of infection.

Was there a tendency for antibody to suppress illness in persons who did get infected? What is the evidence?

Yes, looking at ‘unaffected’ people, we can see they had a high GMT and helped supress illness.

Was all the illness caused by influenza H1N1? What is the evidence?

No, there was one person in 2nd year and one staff member who were ill but did not have a rise in H1N1 antibodies indicating illness from another pathogen/strain. 

Molecular Techniques
PCR is used for rapid diagnosis of viral infections. In Hepatitis C, anti-hepatitis C antibodies may not be detected until 2-8 weeks after onset of symptoms. We can test for HCV RNA as it can be detected before the onset of symptoms. We use Reverse-transcriptase PCR in this case. 
Sam is a 25-year-old injecting drug user. Four weeks ago he shared a needle with his flatmate, who last week tested positive for Hepatitis C. Sam is worried that he may have acquired the infection from his flatmate. The doctor orders a hepatitis C antibody test for Sam that comes back negative.
Can Sam be told that he definitely does not have hepatitis C?
No, it could be a false negative as it may be in the window period before anti-hep C antibodies appear.

Are there any further tests that could be done to determine if Sam is infected?
· Quantitative PCR = determines viral load

· Genotyping = determines viral type (1-6)

· Load and viral type have implications for choice of therapy and response to therapy

· RT PCR (reverse transcriptase PCR)

· Qualitative PCR

· Direct viral detection in blood

· Positive 1-2 weeks after infection

· More reliable for dialysis patients, babies and immunocompromised

· False –ves due to fluctuations in blood depending on stage of infection: repeat within a 3mth period

· Antibody tests: EIA, ELISA

· Symptoms appear 6-7wks after infection ~70% antibody +ve at this stage

· ~90% antibody +ve 3mths after infection

· Confirmatory test = RIBA-recombinant immunoblot assay

· Not reliable for dialysis patients, immunocompromised and babies born to HCV +ve mothers (maternal antibodies may be present)

Ask your tutor for the results of the further tests you would order.
Is Sam infected with hepatitis C?
Maybe?
Tetanus Immunity
Tetanus is caused by the bacterium Clostridium tetani which is found widely distributed in the environment, e.g. dust, soil. It is also found in the mouths and intestinal tracts of many animals, so tetanus may result from animal bites or from extensive exposure to manure. The bacterium is very resistant and can survive for years in the environment. The disease is characterised by generalised muscular spasms and seizures. These develop 3 to 21 days after exposure, depending upon a range of factors including the size of the inoculum – that is, the number of organisms that enter the body. Tetanus has a very high mortality. Immunisation results in almost 100% protection and so there is no excuse for any cases in Australia.
The organism usually enters the body via trauma, e.g. standing on a rusty nail, motor mower or car accidents, etc. Soil and manure can be heavily contaminated with the organism. Clostridium tetani does not like oxygen and so grows in the body when the blood flow is damaged and/or reducing agents are present. If these conditions are met, e.g. at the tip of a rusty nail, the organism multiplies and produces a protein toxin, Tetanus toxin which interferes with neuromuscular function. This toxin causes all the significant disease symptoms. If you can neutralise the action of the toxin then tetanus will not result ‐ even if the organism is still present in the tissues. To teach the body how to quickly neutralise the toxin, tetanus vaccination was developed. Obviously we cannot use toxin as the vaccine, hence the use of toxoid. Toxoid is the purified protein toxin of Clostridium tetani that has been treated with formaldehyde. This destroys the toxic activity, but the ability of the protein to generate an effective anti‐toxin response is retained.
If someone is judged to be in danger of tetanus, they may be injected with tetanus immunoglobulin

that has been purified from the serum of individuals with high concentrations of immunoglobulin to

tetanus toxin. This is called passive immunisation. In the past, human antibodies were unavailable,

and horse "antiserum" ‐ that is, serum that contains appropriate antibodies ‐ was used. It is still used to treat snakebite as there are no non-potent versions of snake venom [and due the large variety of venoms] and hence require the use of horse / sheep antivenom serum.
Questions:
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(b) 10 and 15

[image: image11.png]A 25 year old patient has a clean wound from broken glass, but she received a booster

vaccination seven years earlier. Which of the following statements is correct and provides

the best treatment strategy?

(a)  Exposure to bacterial toxin will activate memory cells, leading to the development
of protective antibodies.

(b)  Asthe wound s relatively minor and clean, and the patient is a young adult with a
complete vaccination history, there is no need for treatment

() Abooster shot of toxoid will fail to provide protective immunity because of the loss
of memory cells after the passage of seven years. Passive immunization s therefore
necessary

(d)  Abooster of shot of toxoid will stimulate long-lived memory cells, which will
generate a protective antibody response.

(e)  Passive immunisation with tetanus immunoglobulin will provide short term
protection, and immunization with toxoid will activate long term protection by the
stimulation of memory B cells.




(c) innate and non-specific

[image: image12.png]Serum sickness is a copdition seen when massive amounts of antigen combine with equally
massive amounts of specific antibody. This results in the formation of more immune
complexes than can be handled by the body’s clearance mechanisms. Serum sickness can be
amajor problem with which of the following procedures:

(a) active immunization against tetanus.
(b)  passive immunization against tetanus using heterologous immunoglobulin.
() passive immunization against tetanus using homologous immunoglobulin.

(d)  none of the above.

(Homologous means made in the same species, in this case - human, while heterologous means made in 2
different species, eg. horse)




 (a)?

[image: image13.png]You see a patient who needs passive immunization for snakebite but the only available
antiserum comes from horses. The following important aspect must be taken into account
before administering the serum:

(a)
(b)
(c)
(d)
(e)

the patient’s blood type.

history of previous passive immunizations.

history of active immunizations.

the snake's blood type.

the antibody half-life which s such that passive immunization should be repeated
every six to eight months if protection is to be maintained.




(c); It stops the toxin, not the bacterium
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(c)

[image: image17.png]Characteristics of Common Dermatophytes.

Wicrozcomic
Species Macroscopic Characteristics amaosone
- Colourof | Reverse cotour
rexture colony of colony.

Wicrosporum caris | Velveyto | Whita/yslow/s | Yelowjorangs | Macroconda:abundant,
Aty roun spindieshaped, curved i,
fstto foldet ascels

hicroconda: spase
pxry Tt vty | Tawbrown | Feddn brown | Wacroconid: are,

(roored) present megutar spindie

snaped

Micrconida: are

Chiamydospores: with

pointad tp:

sizare yphal braning

e P nged | white- Velowran Macroconda: shundan,
foccose: | cmamon spindieshaped, roundedt,
poudery- | Brown 5 clls,thich walled
granuiar Microconda: abundant,

subglobose, onecalled
emooth wsles

Edemopnon | venery, Velowbrown | Colputezz o | Macroconids: Soundant,

foceosum inegusr  |togeensh | yalowbrown | broadlyclvate, i, smocth
racilfolds | yalow wale, broad bases and
and furows round disalend,sngyorin
oxended custers
towards Microconida: sbsent
perphery Chiamydospores numerous

in oidercutres

Trhophyton Foccose Tt | Whtetotn | Colowiessto | Macrocondi:are

mentogrophyces | umbonate yellow-zan Microconda: sbundant,

(downy) cavate,smooth-valled,

subglobose

Trhophyion Fowdery or | Wite g | Tanmyelow o | Macroconda: oundant

mentogrophytes | nelyo buffcinamon | buftan o deep | cavate, smooth-walld,

loramuiar) corsely reddinbroun | many-elied
e Microconda: abundant,
gobose, one celled

Chiamydospores:present
spiral hyphae seen





(b)

Case Studies

( ) 1. Give patient tetanus toxin. 

This will kill a patient as the toxin results in spastic paralysis and lock jaw, leading to lack of ventilation. The toxin produces the full effect of the disease – it is not the same as the toxoid which has no toxicity but maintains antigenicity
( ) 2. Give patient tetanus toxoid.

Provides active immunisation generating an immune response in the patient. Useful for future protection.
( ) 3. Give patient human anti‐tetanus immunoglobulin.
Provides passive immunisation with the Ig helping neutralise any toxin that is circulating in the patient. It is used for acute cases where there is no passive immunisation in the patient in the last 5 years.
( ) 4. Do nothing, and let the patient’s immune system deal with the problem.

Useful for patients who have been immunised in the last 5 years and 10 years for minor wounds.

Dermott Tan:

A 31‐year‐old man, who as a soldier four years before had received all common vaccinations and a complete course of tetanus immunisation, presents himself at your office with a one‐inch laceration of his right forearm caused by a dog bite right through his wool shirt. Fortunately in Australia at present, thanks to the success of quarantine, we do not have rabies (a viral infection). But your real concern is the possibility of other infections, and especially tetanus, since that is the primary life threatening consequence of the event. What are you going to do about it?

Do nothing ( he has been immunised in the last 5 years giving him protection against serious wounds as well. May give tetanus toxoid to stimulate immune response [booster shot]. Human anti-tetanus toxin antiserum would do no harm but would be wasted.

Lief O’Malley:

A 23‐year‐old mountaineer who arrived in town only last week, has just come to your office with a fresh cut to his forehead which occurred when he dived into a shallow, muddy pond. The wound has a lot of dirt in it. He says you are the first doctor he has ever seen in his life. After treating the local wound, what do you do to prevent tetanus?

Human Anti-tetanus Toxin antiserum & Tetanus toxoid ( the antiserum is essential as he has had no previous vaccination and toxoid alone would generate an immune response too slow to defend against an active infection. However, antibodies will be eliminated in 3 weeks so vaccination is also essential as the patient might mistakenly believe he has been vaccinated with the antiserum and may have future problems. 
Crystal Sharp:

A 5‐day‐old baby has been brought to your office by his mother, a nurse who has just returned from overseas. Mother and baby have flown in from Africa where the baby was born. The mother is concerned because the baby was born in a village where an African friend, following local custom, coated his umbilicus with cow manure. She is concerned about neonatal tetanus. What are you going to do?

Human Anti-tetanus Toxin antiserum ( assuming the mother has received her vaccinations, the baby would have passive immunity due to transplacental transfer of IgG to the baby. However, antiserum will ensure that any immediate danger is addressed. Toxoid would not be necessary as the baby’s immune system is not mature enough to generate an adult immune response. Anti-tetanus antibodies from both the antiserum and transplacental transfer might also mop up any toxoid before the immune system ‘sees’ it and generates a response. Provide the vaccine with normal baby shots.
Rosario de la Cruz:

A 35‐year‐old woman, who is a recent migrant to this country, presents herself at your office with a three‐inch jagged wound to her head after a nasty fall in the bush. A year ago she fell off a tractor while tilling a field and received a six‐inch laceration of her left thigh. At that time she was given horse anti‐tetanus serum because she had never been immunized against tetanus, and because in the remote area of the country where she lived, human antiserum was unavailable. She left town before her local physician could immunize her with tetanus toxoid. What do you do to prevent tetanus in this patient?

Human Anti-tetanus Toxin antiserum & Tetanus toxoid ( Human antiserum negates the possibility of an acute anaphylactic shock due her sensitisation to horse serum proteins causing a massive antibody complex reaction. Following antiserum, she requires tetanus toxoid to gain active immunisation.
Olive Gosford:
Olive is 60 years old and presents at your clinic in autumn asking for the influenza vaccine. She asks if she should also have a tetanus booster. She believes she had all recommended childhood vaccinations, but does not recall any booster shots as an adult. What are you going to do?

Give her a single booster shot of tetanus in a separate syringe and site from the influenza vaccine ( It is not recommended to give tetanus vaccination with other vaccines in the same syringe. Likewise, it is not necessary to do them at separate time – doing them at different sites / syringes is enough. This is done without testing for antibodies as testing for antibodies is more expensive than doing a vaccination. Doing nothing puts her at risk if she is in the 50% of people with too low circulating antibodies. Two courses are not required as she has some immunological memory from childhood despite low antibodies.

Brian Bingham:

A 21‐year‐old man who works in a reptile park presents himself at your office with a double puncture wound in his foot. He reports that he has just been bitten by a snake, which he then produces from his bag. (Fortunately it is already dead!) It is a brown snake. Your patient is in luck, because in your fridge, you just happen to have the crucial antivenom. The antivenom ‐ serum containing anti‐venom antibodies ‐ was raised in a horse. Brian studied Immunology last year at UNSW, and he is worried that he will mount an immune response to the horse proteins. He refuses treatment unless you provide him with human antibodies. You point out that none are available, but he refuses to believe you, insisting that he is being discriminated against as a public patient. Brian dies.

The reason we have antiserum from humans for tetanus is due the large number of people who have been immunised and thus their antibodies can be purified in a blood bank. Human blood doesn’t contain many antivenins for snakes and thus we can’t purify it from blood bank. Even in a second bit, we would still use horse antivenin and despite the possible side effects [anaphylactic shock], the effect of the venom is far worse. 

Diarrhoea and Dysentery
Case 1
The patient aged 44 years, died after several weeks of illness. At autopsy, his bowel showed lesions extending from 3 m proximal to the ileo-caecal valve, through to the ascending colon. The lesions increased in severity down the length of the small intestine. At the proximal end of the affected bowel, the only visible lesions were scattered patches of swollen lymphoid tissue; more extensive involvement with surface sloughing was evident 1.5-2 m from the ileo-caecal valve; while in the last 50 cm of the ileum, the ulcers extended through to the muscularis. The fresh specimen demonstrated submucosal haemorrhages, and one of the ulcers appeared to have been the site of haemorrhage into the bowel. There were also scattered ulcers in the caecum and ascending colon. 

This is a specimen of typhoid disease affecting the ileum. What is the name of the causative agent and what is its characteristic morphology?
· Salmonella species: Gram-negative rods (like many GIT pathogens). Salmonella infections have a broad clinical spectrum, some species causing (1) solely intestinal infection (non-typhoid gastroenteritis) and some causing (2) enteric fever (typhoid).

· Enteric Fever: is not associated with acute-diarrhoea (in fact, sometimes you get constipation) and only a small number of organisms can cause typhoid i.e. S. typhi and S. paratyphi. They can enter the lymph and cardiovascular circulatory system.

What is causing the oval elevations?

Hypertrophy and Hyperplasia of Peyer’s patched due to inflammation is causing the oval elevation 

· Pathogenesis:
· Salmonella Invasion: Adhesion factors help Salmonella get taken up by epithelial cells when the bacterium comes into contact with the cells. The Salmonella enters the cell by endocytosis, simultaneously causing actin rearrangement that leads to pronounced membrane ruffling. Once internalised, the bacteria multiply inside vacuoles in the cell before being excreted through the basolateral membrane and triggering an influx of inflammatory cells. The Salmonella multiply in lymphoid follicles and cross the endothelial membrane causing reticulo-endothelial hyperplasia and hypertrophy. Cytokines (IL-8) attract neutrophils, eosinophils, macrophages and monocytes. In non-typhoid gastroenteritis, this is sufficient for the disease to be resolved in 48-72 hours.

What other alimentary complications might occur in this disease?
Necrosis, perforation, ulceration, systemic peritonitis, hemorrhage

Where in the body can this organism sequester? What implication does this have?

· Enteric Fever: is not associated with acute-diarrhoea (in fact, sometimes you get constipation) and only a small number of organisms can cause typhoid i.e. S. typhi and S. paratyphi. They can enter the lymph and cardiovascular circulatory system.

· Pathogenesis: 

· Organism is taken up by M cells or through epithelial cells themselves

· Taken up by macrophages but can survive in them due to virulence factors. This allows them to get into the bloodstream.

· Macrophages go from Peyer’s patches to mesenteric lymph nodes and then into bloodstream. From there the organism may go the spleen or liver and importantly, to the gallbladder (via liver).

· Often bile is toxic enough to kill bacteria but Salmonella species can survive in bile. This is extremely important because the gallbladder becomes a site from which the disease can move back into the small intestines. Even if you’re cured, you could still be carrying and shedding the bacteria in your faeces with bile.

· Bile secretions into your intestines allow the organism to re-enter the intestinal tract however, the body has developed immunity to the S. typhi leading to a marked inflammatory response (typically PMN but also macrophage, cytokines) induced in Peyer’s patches.

· This huge immune response can lead to ulceration (and necrosis), severe bleeding and perforation.

· Complications of S. typhi infection: occur because the organism moves through the bloodstream. They can include: lungs (pneumonia), brain (coma, deafness and meningitis), liver (hepatitis), kidneys (pyelonephritis), bones (osteomyelitis) and lymph nodes (paratotitis). 

Treatment – Rehydration, pain relief, antibiotics to reduce carriers especially in developing countries but get multi-drug resistant strains in Asia.

Case 2

A 19 year-old male student presents to his GP complaining of a three-day history of fever and abdominal pain, and frequent diarrhoeal stools that were initially watery but now contains mucus and some blood. He mentions that over the last two weeks a number of other students in his college have had similar symptoms. The patient recalls no significant travel history. He does not smoke, drink alcohol, or use illicit drugs. 

You are provided with bacterial culture plates and a Gram stain of the organism isolated from a faecal sample collected from this patient. 

Examine these and make notes on the microscopic appearance, and any features on the agar plates that may help you with the identification of the causative organism. Your tutor will then provide you with a bacterial identification key and supplementary material that you may require to identify the bacterium involved. 

Based on this information what is the causative agent?

Microscopic appearance is gram negative rod.

Features on the agar plate show it to have 

· Negative lactose fermentation

· Non fastidious growth 

· Non motile 

· Facultative anaerobe 

Based on this it is Shigella
What are the 3 possible routes of transmission of this bacterium? 

Faecal oral 

Oral-oral

Venereal 

How would you prevent further spread of this pathogen?

Shigella spreads through contaminated food and water…so boiling water and proper food cooking practices, washing hands, better overall hygiene, sanitary living conditions, stop sexual activity, sewerage disposal.

Explain in detail how this pathogen causes diarrhoea

· Pathogenesis
· Overcoming Host Defence Mechanisms: Shigella is able to reach the intestinal tract since Shigella species are resistant to the highly acidic environment of the stomach. Only a low infectious dose (as little as 10-100 organisms) is required.

· Initial Invasion by Shigella species: the intestinal tract is lined by epithelial cells (covered in mucus) and M cells (naturally phagocytic, ‘microfold’ cells) that have the ability to sample antigen by endocytosis from the lumen of the small intestine.                 It  and deliver it to antigen-presenting cells and lymphocytes to Peyer’s patches, aggregates of lymph nodules). Antigen sampling by M cells involves  

· Invasion of Epithelial Cells: Shigella does not multiply in the M cells but the antigen is presented by exocytosis to the lymphoid tissue of underlying Peyer’s patches (aggregates of lymph nodules)

· Shigella Invasion: PMN (polymorphonuclear neutrophils) and macrophages phagocytose Shigella however, virulence factors can cause apoptosis (programmed cell-death) of the macrophages. In addition, approximately 10% of bacteria escape without being phagocytosed.

· Epithelial Cell Invasion: Simultaneously, an immune response takes place including the production of cytokines like IL-1β which causes a pro-inflammatory response and attracts more PMN cells to the site. Meanwhile, the escaped Shigella uses its Ipa protein (invasion protein) to bind to integrin receptors on the basolateral membrane of epithelial cells, stimulating endocytosis in vacuoles. The vacuoles are lysed by haemolysin produced by Shigella and Shigella multiplies in the host cell. This causes changes in the epithelial cell itself (actin rearrangement) that stimulate actin production and the coating of Shigella in actin at one end to form the ‘tail’ of the bacterium.  This tail propels the bacteria through the cytoplasm to form long protrusions into neighbouring cells where they continue to multiply and damage the epithelial layer. 

· Shigella Invasion: Shigella can now penetrate the disturbed epithelium however the up regulation of inflammation leads to an increase in PMN cells so that infection rarely becomes systemic.

How would you treat this young man?

Opioids for pain relief

Anti-cholinergic as it reduces bowel movements 

Water for rehydration; Electrolytes

Antibiotics if severe and to reduce transmission
Skin Infections

Case 1

A 2 year old child with a cluster of superficial weeping vesicles spreading from the edge of the nostril is taken to the GP by her father.  Some of the vesicles have become purulent and others have broken and formed a yellow crust.
1. What is the likely diagnosis?

Impetigo 

· Affects the epidermis

· Crusty lesions

· Exudate filled vesicles surrounded by a red border 

2. What are the most likely causative agents? 

Strep pyogenes or

Staph aureus 

(they can occur together or alone) 

3. Ask your tutor for results of lab tests that would establish the identity of the causative agent(s). 

Microscope of the exudate shows gram-positive (purple stain) cocci in chains alongside inflammatory cells - neutrophils (pus and lesions)

The organism is beta haemolytic (HBA) and sensitive to bacitracin (antibiotic sensitivity testing) 

The final step in proving that it is Strep pyogenes is proving that it is catalase negative 

4. What advice would you give to the child’s parents? 

Stay at home, don’t pass the organism onto other children 

Small number of lesions ( bathe gently to sponge crust off with saline, soap and water, aluminium acetate or potassium permanganate and mupiricin (topical)

Because this child’s case is more severe, he needs dicloxacillin to cover for both strep and staph (we use this antibiotic because it is better absorbed in the gut, has less side effects, and the bacteria may be resistant to penicillin) 

5. What other skin infections can the aetiological agent(s) cause?

Erysipelas = localised superficial cellulitis, erythema, oedema, raised definite margin, generally occurring on face 

Cellulitis = affects subcutaneous tissues (usually fat), rapid spread of minor infection to septicaemia in 24-48 hours, ill defined margins, no pus 

Necrotising fasciitis 

Synergistic gangrene (has to be a mixed infection for this to occur)

Case 2
Howard, a 10 year old boy, is referred to the dermatology outpatients because of skin lesions on his arm which have been present for 3-4 months.  He has never previously been seriously ill, is on no medications and there is no family history of eczema or any other skin disorder.  On examination, he is seen to be a fit and active child, and the lesions are scaly, with raised margins. 

1. What is the likely diagnosis?

Tinea corporis 

Due to M. canis: 

· Typical spindle shaped

· Thick walled macroconidia (conidia = spores)

· Often with a terminal knob

· A few pyriform to clavate microconidia 

2. a) How would you confirm your diagnosis? 

M. canis:

· Must collect skin flakes (keratinised area) 

· Can’t just use swab 

· Must put skin directly on plate so that spores will grow

· Culture on seborrhoic medium agar allows growth of fungi 

b) Ask your tutor for results of any tests you may require 

Wood’s Light Test ( shine UV light onto scalp, observe if person is losing hair (may indicate fungal infection), then put them in a dark room and fungi will shine a fluorescent light 

You don’t need to send this case to the lab

3. What other questions might Howard or his parents be asked? 

Have you been in contact with animals, pets etc?

Do other siblings or family members have the infection?

Do any children they mix with have the infection? 

You must get to the root of the problem to avoid reinfection

4. How do you treat this infection?

Antifungal creams (the types of antifungals available are limited because humans, like fungi, are also eukaryotes so it is hard to find drugs that are not toxic to humans) 

Topical antibiotics 

Azoles – cream used for superficial infections 

Oral antifungal (e.g. terbauifine) – use it if patient is not responding to topical treatments 

5. In conditions caused by this group of agents, treatment is not always successful. Suggest some reasons for treatment failure. 

Spores can cause longterm infection because patient may keep picking it up from their environment if it is not properly eliminated. 

E.g. with tinea pedis – patients keep picking it up and they need other precautions other than just creams, they should use antifungal powders to keep their feet dry, wear cotton (not nylon) socks because it allows them to sweat more 

Those with diabetes are at higher risk of reinfection because yeast like high sugar levels present in their blood 
Case 3

Sandy a 4-year old girl is playing in the garden when she feels something move on the back of her hand. As she brushed her hand she feels a sharp sting and sees a partially crushed bee. Her hand quickly becomes red and swollen and by that evening the inflammation on the back of her hand has increased. The next morning Sandy’s mother notices that Sandy’s hand is still very red and swollen and that there is a red streak forming on the underside of her daughter’s left forearm.  She immediately takes her to the local GP where she is told that Sandy has an infection. The GP collects a sample of exudate and gives Sandy’s mother a prescription and tells her to take Sandy home where she must rest and keep her arm elevated. 

1. What is your diagnosis? 

Cellulitis 

· Characterised by indurations – skin is erythematous, inflamed, thickened, swollen and tender 

2. What is/are the most common causative agents involved? 

Staph aureus (however step pyogenes is the main causative agent in 90% of cases) 

3. Examine the Gram stain and culture plate of the exudates. Describe the morphology of the causative agent and any specific features present on the plates that may help you identify the organism. 

Gram positive cocci 

Mannitol: positive 

Facultative anaerobe

Catalase positive ( staph 

Coagulase positive ( aureus 

4. Ask your tutor for any further test you may require to identify the causative agent 

Blood culture is necessary is patient has a fever due to risk of septicaemia 

5. What other symptoms might you have expected in this child? 

Lymphangitis, lymphandenopathy 

Systemic - Fever, chills, malaise 
Case 4

A teenage boy presents to his GP and complains that he has strange growths on his hand. The GP examines the boy’s hand and tells him that he has warts. 

1. What is the likely causative agent of the warts? 

Papilloma virus 

2. Examine the photographs labelled A-E and identify the most likely causative agent.

E

(electron microscopy classification of viruses) 

3. How long does it take for warts to occur following initial infection? 

1-6 months 

The virus goes to the basal layer first and lies there (basal cells differentiate and move to the surface)

Skin cells have a slow replication rate, so it takes time for the virus to undergo cell differentiation (from basal cuboidal to surface squamous) 

4. Does this boy require any specific treatment?  If so what would you recommend? 

Salicylic acid (15-25%) painted onto the warts. It is cheap and available over the counter 

Cryotherapy (if the acid doesn’t work) 
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