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EMERGING INFECTIOUS DISEASES              

T.P. Simon

* Indicates that diseases that have reemerged

BACTERIAL

GRAM- POSITIVE COCCI

Staphylococcus aureus*

	Diseases
	Characteristics
	Habitat & Transmission
	Pathogenesis
	Laboratory Diagnosis
	Treatment
	Prevention

	Abscesses of many organs, endocarditis, gastroenteritis (food poisoning, toxic shock syndrome
	Gram-positive cocci in clusters. Coagulase & Catalase-positive.
	Habitat is the human skin and nose. Transmission is via hands.


	A variety of enzymes and toxins are made. The 2 most important are coagulase and enterotoxin. Coagulase is the best correlate of pathogenicity. Enterotoxins cause food poisoning (one of these,  TSST-1 causes toxic shock syndrome (TSS) by stimulating helper T cells to release large amount of lymphokines especially IL-2).  Predisposing factors are break in the skin, sutures, i.v.drug abuse & tampon use for TSS.


	Gram-stained smear and culture. Yellow or gold colonies on blood agar 


	Penicillin G, nafcillin (for resistant isolates).


	Hand washing.




Streptococcus pyogenes, group A * 

	Diseases
	Characteristics
	Habitat & Transmission
	Pathogenesis
	Laboratory Diagnosis
	Treatment
	Prevention

	Suppurative diseases, e.g., pharyngitis and cellulitis; non supurative dis. (NSD) e.g., rheumatic fever and acute glomerulonephritis.


	Gram-positive cocci in chains. Beta hemolytic. Catalase negative.


	Habitat is the human throat and skin. Transmission is via respiratory droplets..


	For suppurative infections, hyalouronidase (“spreading factor”) mediates subcutaneous spread seen in cellulitis; erythrogenic toxin causes the rash of scarlet fever. For NSD rheumatic fever is caused by immunologic cross-reaction between bacterial antigen and human heart & joint tissue, and acute glomerulonephritis is caused by immune complexes bound to glomeruli.


	Gram-stained smear and culture
	Penicillin G


	Penicillin to prevent  recurrent S. pyogenes pharyngitis (for rh. fev. pts).




GRAM-NEGATIVE COCCI

Naisseria meningitidis ( Meningococcus)

	Diseases
	Characteristics
	Habitat & Transmission
	Pathogenesis
	Laboratory Diagnosis
	Treatment
	Prevention

	Meningitis and meningococcemia
	Gram-negative “kidney bean diplococci.


	Upper respiratory tract; transmission is via respiratory droplets.


	Reaches meninge via the bloodstream. Endotoxin in cell wall causes symptoms of septic shock seen in meningococcemia.


	Gram-stained smear and culture.


	Penicillin G


	Vaccine 




Naisseria gonorrhoeae (gonococcus)*

	Diseases
	Characteristics
	Habitat & Transmission
	Pathogenesis
	Laboratory Diagnosis
	Treatment
	Prevention

	Gonorrhea. Also neonatal conjunctivitis and pelvic inflamatory disease.


	Gram-negative  “kidney-bean diplococci.


	Human genital tract. Transmission in adults is by sexual contact. Transmission to neonates is during birth.


	Organism invades mucous membranes and causes inflamation. Endotoxin present (no exotoxin identified).


	Gram-stained smear and culture. Gonococci do not ferment maltose, whereas meningococci do.


	Ceftriaxone for uncomplicated cases. If resistant, spectinomycin is used. High-level resistance to penicillin in SE Asian strains.


	Condoms. Treat eyes of newborn with erythromycin ointment or silver nitrate to prevent conjunctivitis.   




GRAM-POSITIVE RODS    

1. Bacillus anthracis

2. Clostridium botulinum* 

	Diseases
	Characteristics
	Habitat & Transmission
	Pathogenesis
	Laboratory Diagnosis
	Treatment
	Prevention

	Botulism.
	Anaerobic, gram-positive, spore forming rods.
	Failure to sterilize food during preservation allows spores to survive. Spores germinate in anaerobic environment and produce toxin. The toxin is heat-labile, therefore foods eaten without  proper cooking is usually implicated.
	Exotoxin inhibits the release of cetylholine at the myoneural junction. 
	Presence of toxin in patient’s serum or stool or in the food.
	Antitoxin to types A, B, and E is made in horses. Respiratory support.


	Observing proper food preservation techniques, cooking all home-canned food, and discarding bulging cans.


3. Clostridium perfringens

4. Corynebacterium diphtheriae*

5. Listeria monocytogene

GRAM NEGATIVE RODS associated primarily with the enteric tract

1.Vibrio cholerae*

	Diseases
	Characteristics
	Habitat & Transmission
	Pathogenesis
	Laboratory Diagnosis
	Treatment
	Prevention

	Cholera
	Comma shaped gram negative rods
	Habitat is human colon. Transmission is by the fecal-oral route.
	Watery diarrhea caused by enterotoxin.
	Gram-stained  smear and culture (during epidemics, culture 

Not necessary!)
	Fluid and electrolyte replacement. Tetracycline for close contacts (prevention)


	Public health measures, e.g., sewage disposal, chlorination of the water supply, stool culture for food handlers and hand-washing prior to food handling.


2. Campylobacter jejuni

3. Helicobacter pylori

4. Pseudomonas aeruginosa

5. Proteus vulgaris

6. Proteus mirabilis

7. Bacteroides fragilis

8. Klebsiella pneumoniae

9. Salmonella typhi*

10. Salmonella enteritidis*

	Diseases
	Characteristics
	Habitat & Transmission
	Pathogenesis
	Laboratory Diagnosis
	Treatment
	Prevention

	Enterocolitis. Sepsis with metastatic abscesses occasionally.
	Facultative gram-negative rods. Non-lactose-fermenting. Motile in contrast with Shigella.
	Habitat is the enteric tract of humans and animals, eg, chickens and domestic livestock. Transmition is by the fecal-oral route.
	Invades the mucosa of the small and large intestines. Can enter the blood causing sepsis.
	Gram-stained smear and culture.
	Antibiotics not recommended for uncomplicated enterocolitis.  Cefriaxon and other drugs for sepsis.
	As in # 2 above


11. Shigella species (eg S.dysenteriae *, S.Sonei) 

	Diseases
	Characteristics
	Habitat & Transmission
	Pathogenesis
	Laboratory Diagnosis
	Treatment
	Prevention

	Enterocolitis (dysentery).
	Facultative gram-negative rods. Non-lactose fermenting


	Habitat is human colon only; unlike Salmonella, there are no animal carriers for Shigella. Transmission is by the fecal-oral route.
	Invades the mucosa of the ileum and colon.
	Gram-stained smear and culture.
	Fluid and electrolyte replacement only ( in most cases). Ampicillin for severe cases.
	Same as for Cholera & S. Enteritidis (#2 & #10).


12. Esherichia coli*

	Diseases
	Characteristics
	Habitat & Transmission
	Pathogenesis
	Laboratory Diagnosis
	Treatment
	Prevention

	Urinary tract infection (UTI), sepsis, neonatal meningitis, and “traveler’s diarrhea” are the most common.
	Facultative gram-negative rods; ferment lactose.
	Habitat is the human colon (vagina & urethra). Acquired during the birth in neonatal meningitis and by the fecal-oral route.
	Endotoxin in cell wall causes septic shock. Two enterotoxins (LT &ST) are produced (= diarrhea). Verotoxin is an eneterotoxin produced by E.Coli strains with the 0157:H7 serotype. It causes bloody diarrhea associated with eating undercooked meat (over 5.000 die in US only every year ; contamination through meat storage containers and unsterile plumbing).
	Gram-stained smear and culture.
	Ampicillin for UTI. Re-hydration.


	Limit urinary catheterization/switch sides of intravenous lines. Eat only (well) cooked food and drink boiled water. Pepto-Bismol may prevent traveler’s diarrhea.


GRAM-NEGATIVE RODS associated primarily with the respiratory tract

1. Haemophillus influenzae

	Diseases
	Characteristics
	Habitat & Transmission
	Pathogenesis
	Laboratory Diagnosis
	Treatment
	Prevention

	Meningitis, otitis media, pneumonia.
	Small gram-negative (coccobacillary) rods.
	Habitat is the upper respiratory tract. Transmission is via respiratory droplets.
	About 95% of invasive disease is caused by capsular type b. Meningitis occur in children under 2 years of age, because maternal antibody has waned.
	
	Ceftriaxone is the treatment of choice for meningitis.


	Rifampin can prevent meningitis in close contacts. Vaccine (between 2 and 18 months of age conjugated with diphteria toxoid).


2. Legionella pneumophila*

	Diseases
	Characteristics
	Habitat & Transmission
	Pathogenesis
	Laboratory Diagnosis
	Treatment
	Prevention

	Legionnaires’ disease.
	Gram-negative rods, but stain poorly with standard Gram’s stain.
	Habitat is environmental water source. Transmission is via aerosol.
	Endotoxin. Predisposing factors: 55 years +, smoking, high alcohol intake.
	Microscopy with silver impregnation or fluorescent antibody.
	Erythro-mycin.


	See P above + control of  HVAC/water towers.


3. Bordetella pertussis

GRAM NEGATIVE RODS CAUSING ZOONOSES   

1. Brucella (B.Abortus,B.suis, B. melitensis)

2. Francisella tularensis (tularemia)

3. Pasteurella multocida( wound infection, eg, cellulitis)

4. Yersinia pestis*

	Diseases
	Characteristics
	Habitat & Transmission
	Pathogenesis
	Laboratory Diagnosis
	Treatment
	Prevention

	Plague.
	Small gram-negative rods with bipolar staining.
	Habitat is wild rodents, prairie dog and squirrels. Transmission is by flea bite.
	Dependant on endotoxin, exotoxin, 2 antigens (V & W) + envelope antigen.
	Gram-stained smear.
	Streptomycin (!) alone or in combination with tetracycline. 
	Control rodent population  (World’s Plague epidemics: USA is # 7!)


MYCOBACTERIA 

1. Mycobacterium leprae (Leprosy) 

2. Actinomyces israelii ( Actinomycosis)

3. Mycobacterium tuberculosis*

	Diseases
	Characteristics
	Habitat & Transmission
	Pathogenesis
	Laboratory Diagnosis
	Treatment
	Prevention

	Tuberculosis.
	Aerobic, acid-fast rod. Cannot be cultured in vitro.
	Habitat is human lungs. Transmission is via droplet produced by coughing.
	Granulomas and caseation mediated by cellular immunity.  Immuno suppression increases risk of reactivation
	Acid-fast rods seen with Ziehl-Neelse, ( or Kinyoun) stain.
	Long-term therapy (6-9 months) with isoniazid, rifampin and pyrazinamide. A fourth drug, ethambutol is used in severe cases.  Lately, however, we are facing (multiple drug resistant) MDRTB.


	Isoniazid taken 6-9 months. Vaccine (BCG) used rarely in the USA,  but widely in Europe (Eastern) and Asia. Improvement of socio-economic conditions.  


PARASITES

INTESTINAL PROTOZOA

1.Entamoeba hystolitica*

	Diseases
	Characteristics
	Habitat & Transmission
	Pathogenesis
	Laboratory Diagnosis
	Treatment
	Prevention

	Amoebic dysentery and liver abscess.
	Intestinal protozoa. Life cycle: Humans ingest cysts, which form Trophozoite in small intestine; these pass to colon and multiply.  Cysts form in the colon.
	Fecal-oral transmission of cysts. Occurs

 mainly in tropics, but lately worldwide.
	Trophozoite invade colon epithelium and produce “ teardrop” ulcer.  Can spread to liver and cause abscess
	Trophozoites or cysts visible in stool.
	Metronidaole plus iodoquinol.


	Proper disposal of human waste. Water purification. Hand washing 


2. Cryptosporidium*

	Diseases
	Characteristics
	Habitat & Transmission
	Pathogenesis
	Laboratory Diagnosis
	Treatment
	Prevention

	Cryptosporidiosis {(the main symptom is diarrhea, most severe in immuno-compromised patients, eg, those with AIDS)}
	Cryptosporidium parvum causes cryptosporiodosis (life cycle: Oocysts releases sporozoites, which form trophozoites. Several stages ensue (schizonts & merozoites).Eventually microgametes and macrogametes form. The last two unite=zygotes, which differentiate into an oocyst.  Cryptosporidium is in the subclass Coccidia
	Habitat is the small intestine & jejunum. The organism is acquired by fecal-oral transmission of oocysts from either human or animal sources. 
	Cryptosporidium cause diarrhea worldwide. Large outbreaks of diarrhea in several cities in the USA are attributed to inadequate purification of drinking water. The disease in immuno-compromised patients presents primarily as a watery, non-bloody diarrhea causing large fluid loss.
	Diagnosis is made by finding oocysts in fecal smears using a Modified Kinyoun acid-fast stain..
	There is no effective drug therapy.
	Purification of the water supply (including filtration to remove the cysts, which are resistant to chlorine)


BLOOD AND TISSUE  PROTOZOA

1. PLASSMODIUM SPECIES ( P. vivax, P. ovale, P.malariae, & P. falciparum)

	Diseases
	Characteristics
	Habitat & Transmission
	Pathogenesis
	Laboratory Diagnosis
	Treatment
	Prevention

	Malaria *.
	Blood and tissue protozoa. Life cycle: Gametogony in humans, sporogony in mosquitoes (=sexual cycle); schizogony in humans          (=asexual cycle). Sporozoites in saliva of female Anopheles mosquitoes enter the human bloodstream and rapidly invade hepatocytes (exoerytrocytic phase). There they multiply and form merozoites ( Pl. Vivax and Pl.Ovale also form hypnozoites, a latent form). Merozoites leave the hepatocytes  and infect red cells (erythrocytic phase). There they form schizonts that release more merozoites, which infect other red cells in a synchronous pattern!  Some merozoites become male and female gametocytes, which, when ingested by female Anopheles release male and female gamets.   These unite to produce a zygote, which forms an oocyst containing many sporozoites. These are released and migrate to salivary glands.
	Transmitted by female Anophelles mosquitoes. Occurs primarily in the tropical areas of Asia, Africa, Latin America. However, lately, due to worldwide travel/migration, we have it everywhere (“Airport malaria”). To my recollection, British Airways is the only wise airline that is spraying its planes before they live the endemic areas.  
	Merozoites destroys red cells.  Cyclic fever pattern is due to periodic release of merozoites.  Plasmodium falciparum can infect red cells of all ages and cause  aggregates of red cells that occlude capillaries. This can cause tissue anoxia, especially in the brain (cerebral malaria) and the kidney (blackwater fever).   Hypnozoites (se above) can cause relapse.


	Organism visible in blood smear.
	Chloroquine is sensitive. If chloroquine-resistant use mefloquin, or Fansidar (Pl. falciparum). Use primaquine for hypnozoites of Pl.V&O.
	All from T (above)+ protection from bites, control mosquito by draining water


2. LEISCHMANIA* (the genus Leischmania includes 4 major pathogens: L.donovani, L.tropica, L.mexicana & L.brazilensis)

	Diseases
	Characteristics
	Habitat & Transmission
	Pathogenesis
	Laboratory Diagnosis
	Treatment
	Prevention

	Kala-azar 

(L.donovani)
	Blood and tissue protozoa. The life cycle includes  the sandfly as the vector, and a variety of mammals such as dogs, foxes and rodents as reservoirs. Only female flies are vectors because only they take blood meals. The sandflies ingests macrophages containing amastigotes.  They differentiate into promastigotes in the gut, multiply and  then migrate to the pharynx where they can be transmitted during the next bite.
	The organs of  the reticuloendothelial system ( liver spleen, and bone marrow) are the most severely affected. Mediterranean basin,  Middle East, southern Russia and China= # 1 pattern :  the reservoir hosts are Primarily dogs and foxes; In sub-Saharan Africa = #2 pattern: reservoirs are rats and small carnivores; in India (and Kenya) = pattern # 3:  the humans appear to be the only reservoirs.
	Symptoms: intermittent fever, weakness and weight loss. Massive Enlargement of the spleen + hyper-pigmentation of the skin (“ black sickness”). The course of the disease runs for months and years Untreated=fatal ( mainly as a result of secondary infections).
	Diagnosis is usually made by detecting amastigotesn I a bone marrow, Spleen, or lymph node biopsy.

.
	The treatment is sodium stibogluconate (a pentavalent antimony compound). With proper therapy mortality rate is near 5%. Recovery Results in permanent immunity
	Protection from sandfly bites (use of netting, protective clothing and Insect repellents + insecticide spraying)


VIRUSES

DNA  ENVELOPED VIRUSES

· Herpes Simplex Virus Type 1 (herpes labialis),

· Herpes Simplex Virus Type 2 (herpes genitalis),

· Hepatitis B virus,

· Smallpox Virus +.

DNA NONENVELOPED VIRUSES

· Parvovirus B19

RNA ENVELOPED VIRUSES         

· Influenza Virus,

· Measles  Virus,

· Mumps Virus,

· Rubella Virus,

· Parainfluenza Virus ( Bronchiolitis in infants, croup in young children, common cold in adults).

· Rabies Virus

· HIV
· Hepatitis C Virus
· Respiratory Syncytial virus
· Hepatitis D virus

· Ebola/Marburg ( filovirus family) h.f. viruses

· Lassa  Fever Virus (arenavirus family) h.f

· Coronaviruses

· Hantaviruse {(Hantavirus Pulmonary Syndrome (1993 in the Western US: influenza like symptoms + respiratory failure due to inhalation of aerosols of the rodent’s urine and feces)}

· Japanese encephalitis virus

RNA NONENVELOPED VIRUSES

· Poliovirus

· Coxsackie viruses

· Hepatitis A Virus

· Reoviruses

· Astroviruses

1. Influenza virus *

	Diseases
	Characteristics
	Habitat & Transmission
	Pathogenesis
	Laboratory Diagnosis
	Treatment
	Prevention

	Influenza.
	The virus has many serotype because of antigenic shifts (reassortments of RNA segments, which accounts for the epidemics of influenza) and drifts (due to mutations). The antigenicity of the internal capsid protein determines whether the virus is an A, B, or C influenza virus.
	Respiratory droplets.
	Infection is limited primarily to the epithelium of the respiratory tract.
	Virus grows in cell culture. Antibody titer rise in convalescent phase serum is diagnostic.
	Symptomatic + fluids + rest.


	Vaccine


2. Human Immunodeficiency Virus  (HIV)

	Diseases
	Characteristics
	Habitat & Transmission
	Pathogenesis
	Laboratory Diagnosis
	Treatment
	Prevention

	Acquired immunodeficiency syndrome  (AIDS).
	Enveloped virus  with two copies (diploid) of a single-stranded, positive-polarity genome. RNA- dependant polymerase makes a DNA copy of the genome which integrates into host cell DNA. It is a type D retrovirus (lentivirus). There are many serotypes {(due to the rapid change in the antigenicity of the protein (gp120)}.
	Transfer of body fluids (blood, semen). Also transplancental
	Receptor is CD4 protein found primarily on helper T cells. Infects and kills helper T cells, which predisposes to opportunistic infections.
	Diagnosis is usually made by detecting antibodies with ELISA as screening test and Western blot as confirmatory test.
	AZT etc. Treatment of the opportunistic infections.
	HEALTH EDUCATION. “Safe sex” including the use of condoms.  Screening of blood prior to transfusion (only between 5-10% in most  developing countries!). 

Africa= a disaster zone. 

Asia= the  next  disaster zone.



ARBOVIRUSES

The term  “arbovirus “ is acronym for arthropode-borne virus (over 400 at last count).

Arboviruses that cause disease in the USA:
· Eastern Equine Encephalitis virus

· Western Equine Encephalitis virus

· St. Louis Encephalitis Virus

· California Encephalitis Virus

· Colorado Tick Fever Virus

Arboviruses that cause disease outside the USA 

· Yellow Fever Virus

· Dengue Virus 

· Dengue is not endemic in the USA but tourists to the Caribbean and other tropical areas return with this disease. 

· Classic dengue, or “break bone fever” begins with influenza like syndrome (fever, malaise, cough and headache with severe pain in muscles and joints (break bone). But is rarely fatal.

· Dengue hemorrhagic fever is much more severe and fatality rate is about 10% (In Asia much higher)

· Ebola Virus- member of the FILOVIRUS family 

· (Ebola hemorrhagic fever, Zaire, 1976)

· Handovers (member of BUNYAVIRUS family 

· (Korean hemorrhagic fever), 

· Lassa Fever Virus, member of ARENAVIRUS family 

· (Lassa hemorrhagic fever, Nigeria 1969), 

· Marburg Virus- member of FILOVIRUS family 

· (Marburg hemorrhagic fever, Marburg, Germany 1967), 

· Tacaribe Complex of Viruses-member of ARENAVIRUS family 

· (Sabi, virus in Brazil, Junin  Virus in Argentina and Machupo Virus in Bolivia, all of which cause hemorrhagic fever) are deadliest of them all.

SPIROCHETES

1. Treponema  (syphilis),

2. Leptospira ( leptospirosis, and

3. Borelia

i. Borelia recurentis & Borelia hermsii (relapsing fever), and
ii. Borelia  burgorferi (Lyme disease)

	Diseases
	Characteristics
	Habitat & Transmission
	Pathogenesis
	Laboratory Diagnosis
	Treatment
	Prevention

	Lyme disease (named after a town  Connecticut). Also known as Lyme boreliosis.
	Motile spirochete that can be visualized by dark field microscopy  and by Giemsa’s and silver stains.
	B.burgdorferi is transmitted by tick bite. The tick Ixodes dammini (Ix.scapularis) is the vector on the East  Coast and in the Midwest (35-50%); Ixodes pacificus is on the West Coast (only 2%= lower incidence on the West Coast). The main reservoir consist of small Large mammals especially deer are an obligatory host. The Nymphal stages of the tick transmit the disease more often (primarily in the summer).
	The tick must feed 24-48 hours to transmit an infectious dose (spread of the organism is via blood to heart, joints, central nervous system etc. Stage #1: erythema chronicum migrans, a spreading circular red rush with a clear center + “flulike” symptoms. Stage #2 (months later): cardiac and neurological involvement (myocarditis, cranial neuropathies, meningitis. Stage # 3: arthritis of the large joints.
	The diagnosis is typically made serologically by detecting either IgM or IgG antibodies with ELISA.
	Amoxicillin (stage 1), penicillin G (late-stage).
	Protective clothing + repellents.


SCHISTOSOMA*

	Diseases
	Characteristics
	Habitat & Transmission
	Pathogenesis
	Laboratory Diagnosis
	Treatment
	Prevention

	Schistosoma {(Trematoda (flukes)}
	Schistosoma {(Trematoda (flukes)} causes schistosomiasis . Adult schistosomes exist as separate sexes but leave attached to each other. S. mansoni  lives in mesenteric veines (“blood flukes”). The eggs of S. haematobium  in the wall of the bladder induce granuloma and fibrosis, which can lead to carcinoma of the bladder.


	Humans are infected when the free-swimming cercariae penetrates the skin. They differentiate to larvae schistosomula), enter the blood and pass into the portal circulation; and reach the liver where they mature into adult flukes.
	Most of pathologic findings are due to the presence in the liver, spleen, or wall of the gut or bludder. Eggs in the liver induce granulomas, which leads to fibrosis, hepatomegaliy and portal hypertension (which leads to splenomegaly)
Acute stage symptoms:  itching fever, chills, diarrhea, lymphadenopathy, hepatosplenomegaly Chronic stage: massive hepatosplenomegaly, g.i.hemorrhages, hematuria. The most common cause of death: ruptured esophageal varices.
	Diagnosis depends on finding ova in feces and urine


	Praziquantel
	Proper disposal of human wastes and eradication of the snail host. Swimming in endemic areas should be avoided                                         


