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Infec@ous	  (Communicable)	  Disease:	  	  

Diseases	  caused	  by	  pathogenic	  microorganisms	  (bacteria,	  
viruses,	  parasites,	  fungi,	  prions)	  that	  can	  be	  spread,	  
directly	  or	  indirectly,	  from	  one	  person	  to	  another.	  

	  Zoono5c	  diseases	  are	  infec@ous	  diseases	  of	  animals	  that	  
can	  spread	  and	  cause	  disease	  in	  humans.	  



Infec@ous	  Diseases	  Impacted	  History...	  

430	  BC	  –	  Plague	  of	  Athens	   1348	  –	  	  
The	  Black	  Death	  

1600’s	  –	  Smallpox	  
1918	  –	  Spanish	  Flu	  



…and	  S@ll	  Impact	  Our	  World	  Today	  

Cholera	  in	  Hai@	  -‐2010	  



Beyond	  the	  Headlines	  



40%	  of	  all	  deaths	  
in	  low-‐income	  
countries	  

Beyond	  the	  Headlines	  



Global	  Burden	  of	  Infec@ous	  Disease	  



Other	  Impacts	  of	  Infec@ous	  Disease	  

Agricultural	  Impacts	  
– Plant	  diseases	  
•  Tobacco	  Mosaic	  Virus	  
• Grey	  vs.	  Noble	  rot	  (Botry&s	  cinerea)	  

– Animal	  Diseases	  
• Mad	  Cow	  Disease	  
• Colony	  Collapse	  Disorder?	  



Terminology	  

Pathogen:	  A	  pathogenic	  microorganism	  	  
– Primary	  Pathogen:	  Causes	  disease	  within	  a	  
normal,	  healthy	  host	  

– Opportunis@c	  Pathogen:	  Only	  causes	  disease	  in	  
hosts	  with	  compromised	  immune	  systems	  

Infec@on:	  Growth	  of	  the	  agent	  within	  a	  host	  

Disease:	  Cell/@ssue	  damage	  and	  loss	  of	  health	  	  



Types	  of	  Infec@ous	  Pathogens	  

Bacteria	   Viruses	  

Eukaryo@c	   Other?	  



Bacteria	  (Prokaryotes)	  
•  Single-‐celled,	  free-‐living	  organisms	  

•  0.2	  to	  2.0	  μm	  	  Can	  be	  seen	  in	  a	  microscope	  
•  Can	  be	  intracellular	  (live	  within	  a	  host	  cell)	  or	  
extracellular	  (live	  outside	  a	  host	  cell)	  

•  Circular	  DNA	  genome	  
•  No	  organelles	  (nuclei,	  Golgi,	  etc).	  



Iden@fying	  Bacteria	  -‐	  The	  Gram	  Stain	  

Some	  “non-‐staining”	  bacteria	  –	  Spirochetes	  (Syphillis)	  
and	  Mycobacteria	  (Tuberculosis)	  

Bacillus	  anthracis	  (Anthrax)	  

Escherichia	  coli	  (E.	  coli)	  



Viruses	  
•  RNA	  or	  DNA	  packaged	  in	  a	  protein	  coat.	  
•  Small	  -‐	  20	  to	  300	  nm	  (Cells	  =	  10	  -‐	  100x	  bigger)	  
•  Obligate	  intracellular	  pathogens	  
–  Takes	  over	  the	  machinery	  of	  the	  host	  cell	  

–  Generates	  new	  viruses	  from	  informa@on	  in	  viral	  DNA	  or	  RNA.	  

•  Not	  alive	  -‐	  no	  metabolic	  ac@vity.	  

Generalized	  Virus	  Life	  Cycle:	  

Ly@c	  Cycle:	  	  
Replica@on/Cell	  Death	  

Lysogenic	  Cycle:	  	  
Integra@on/Dormancy	  



Adapted	  from	  website	  of	  FA	  
Murphy,	  School	  of	  Veterinary	  
Medicine,	  UC	  Davis	  

RNA	  	  DNA	  	  
RNA	  

Example:	  HIV	  

DNA	  	  DNA	  

Example:	  
Herpes	  

RNA	  	  RNA	  

Examples:	  
Influenza	  
Hepa@@s	  C	  



Eukaryo@c	  Pathogens	  
•  Single-‐celled	  or	  mul@-‐celled	  

•  Intracellular	  or	  extracellular	  
•  Similar	  to	  our	  cells	  -‐	  have	  a	  nucleus	  and	  other	  
organelles	  (mitochondria,	  etc)	  

Single-‐Cellular	  
(Protozoa)	  	  

Fungi/Yeast	  

Candida	  albicans	   Plasmodium	  
	  (Malaria)	  

Guinea	  Worm	  

Mul5-‐Cellular	  	  
(Worms)	  



Other	  
•  Prions	  	  
– Proteinacous	  infec@ous	  par@cles	  without	  nucleic	  acids	  
•  Malformed	  version	  of	  the	  neural	  protein	  PrP	  
•  Can	  convert	  normal	  protein	  to	  abnormal	  form	  

– Malformed	  proteins	  form	  aggregates	  (“plaques”)	  
– Neuron	  death	  	  Symptoms	  

Examples:	  Mad	  Cow,	  variant	  Creuzfeld-‐Jacob	  Disease	  (vCJD)	  



How	  	  
Pathogens	  	  
Spread	  

Airborne	  

Sexually-‐
Transmiked	  

Bloodborne	  

Foodborne/
Waterborne	  

Insects	  
(Vectors)	  

Bubble	  Boy,	  2001	  



Airborne	  
Pathogens	  spread	  via	  droplets	  in	  the	  air	  

Infec@on	  occurs	  through	  mucous	  membranes	  
	  1)	  Inhala@on	  
	  2)	  Surface-‐to-‐Face	  	  

Examples:	  Influenza,	  Common	  Cold,	  Smallpox,	  
Tuberculosis	  	  



Sexually-‐Transmiked	  

Pathogens	  spread	  	  
during	  sexual	  ac@vity	  
(vaginal,	  oral,	  or	  anal)	  

Some	  also	  considered	  
bloodborne	  (HIV,	  
Hepa55s	  B)	  

Other	  examples:	  
Syphilis,	  Gonorrhea,	  
HPV	  



Bloodborne	  
Pathogens	  spread	  through	  contaminated	  blood	  

Routes	  of	  exposure:	  Shared	  needles,	  transfusions	  
(pre-‐screening),	  open	  wounds/needles@cks	  

Examples:	  
HIV	  

Hepa55s	  B	  
Hepa55s	  C	  



Hepa@@s	  C:	  Screening	  the	  Blood	  Supply	  
Blood	  collec@on	  begins	  in	  the	  1940’s	  in	  USA	  
Large	  demand	  for	  blood	  for	  heart	  surgery	  etc.	  
1970’s:	  Recogni@on	  of	  non-‐A	  non-‐B	  hepa@@s	  (Hepa@@s	  C)	  

Tes@ng	  for	  
Hepa@@s	  C	  

Incidence	  of	  	  
acute	  Hepa@@s	  C	  
USA,	  1982-‐2009	  

Discovery	  of	  
Hepa@@s	  C	  Virus	  



Foodborne/Waterborne	  
Food	  or	  water	  contaminated	  by	  pathogens	  

Generally	  gastrointes@nal	  symptoms	  

Food	  Contaminants	   Water	  Contaminants	  

E.	  Coli	  
Hepa55s	  A	  Virus	  

Salmonella	  

Ghiardia	  
Cholera	  

Hepa55s	  E	  Virus	  

Recent	  Outbreaks:	  
	  -‐	  Oct	  2010:	  Hai@	  (Cholera)	  
	  -‐	  Sept	  2011:	  Cantaloupe	  (Listeria)	  



Insects	  (Vectors)	  
Transmiked	  between	  humans	  or	  from	  a	  reservoir	  
to	  a	  human	  via	  an	  infected	  insect	  (fly,	  mosquito	  etc)	  

Examples:	  Malaria,	  Lyme	  Disease,	  West	  Nile	  Virus	  



Global	  Pakerns	  of	  Disease	  
Infec@ous	  disease	  outbreaks	  are	  dynamic	  

Outbreaks	  of	  disease	  occur	  at	  different	  and	  	  
changing	  frequencies	  
– Endemic:	  A	  common	  infec@on	  in	  a	  given	  region	  (Ex.	  
Malaria	  in	  Tanzania,	  Africa)	  

– Epidemic:	  An	  increase	  in	  the	  number	  of	  cases	  of	  a	  
disease	  over	  that	  rate	  usually	  found.	  A	  rapidly	  
spreading	  new	  disease.	  	  

– Pandemic:	  Worldwide	  epidemic	  

Pathogens	  are	  constantly	  evolving	  
– New	  pathogens	  emerge	  
– Old	  pathogens	  acquire	  resistance	  to	  therapies	  



New	  Pathogens	  are	  Con@nually	  Emerging	  
Total	  Known	  Pathogens	  Infec@ng	  Humans:	  1415	  

48	  have	  been	  discovered	  since	  1975	  

H
CV

	  

Exis@ng	  pathogens	  are	  also	  con@nually	  evolving	  and	  
expanding	  to	  new	  areas	  



“Re-‐emerging”	  Pathogens	  

Whooping	  Cough	  (Pertusis)	  in	  CA	  	  
1950	  –	  2010.	  

Known	  pathogens	  turning	  up	  in	  increased	  frequency	  
despite	  previously	  successful	  control	  



Reasons	  Behind	  Emerging	  and	  
Re-‐emerging	  Pathogens	  

•  Animal	  reservoirs	  
•  Climate	  change	  

•  Microbial	  resistance	  and	  host	  suscep@bility	  

•  Human	  behavior	  and	  migra@on	  	  



Animal	  Reservoirs	  

Animals	  can	  also	  serve	  as	  “mixing	  vessels”	  between	  
strains	  of	  a	  pathogen	  	  Generates	  new	  strains	  of	  

exis@ng	  pathogens	  

Zoono5c	  diseases	  are	  infec@ous	  diseases	  of	  animals	  
that	  can	  spread	  and	  cause	  disease	  in	  humans.	  



Hantavirus	  Spread	  by	  Deer	  Mice	  

Korean	  War:	  
Hemorrhagic	  

Fever	  with	  Renal	  
Syndrome	  (HFRS)	  

1993	  Four	  Corners:	  
Hantavirus	  
Pulmonary	  

Syndrome	  (HPS)	  

RNA	  Virus	  	  
Cannot	  be	  spread	  between	  humans	  



Birds,	  Pigs,	  Influenza,	  Oh	  My!	  
Influenza	  A	  

RNA	  Virus	  -‐	  7	  genomic	  segments	  

Recombina@on	  of	  segments	  
between	  viruses	  leads	  	  

to	  new	  strains	  

Pigs	  can	  carry	  Swine	  
Influenza	  (H1N1),	  
Bird	  Influenza	  

(H5N1),	  and	  Human	  
Influenza	  viruses	  



2009	  Swine	  Flu	  Pandemic	  
Trifonov	  et	  al.	  NEJM.	  2009	  

April	  2009:	  
New	  human	  H1N1	  
Influenza	  found	  	  

in	  Mexico	  

Combina@on	  of	  NA	  
and	  Eurasian	  swine	  

influenzas	  

Likely	  circulated	  for	  
years	  in	  domes@c	  pigs	  
being	  transported	  
between	  con@nents	  



Nipah	  Virus	  (RNA	  Virus,	  Paramyovirus	  family)	  
	  -‐	  Discovered	  in	  1999	  	  Only	  13	  documented	  outbreaks	  
	  -‐	  Animal-‐to-‐human	  and	  (rarer)	  human-‐to-‐human	  transmission	  
	  -‐	  Effects	  range	  from	  asymptoma@c	  infec@on	  to	  fatal	  encephali@s	  

Contagion	  Pandemic	  –	  A	  Real	  Virus!	  

Known	  
Natural	  
Hosts	  



Climate	  Change	  and	  Vector	  Range	  

Hales	  et	  al.	  2002	  

1990	  

2085	  

Dengue	  Fever	  
• 	  RNA	  Virus	  
• 	  Fever,	  headache,	  rash	  
• 	  Subsequent	  infec@ons	  	  	  
	  	  oqen	  more	  serious	  

Spread	  by	  Aedes	  
mosquitoes	  in	  tropical	  
areas	  

Global	  warming	  	  Expanded	  tropical	  
climates	  	  Expanded	  mosquito	  range	  



1999	   2001	  

2002	   2004	  

West	  Nile	  Virus	  Expansion	  in	  USA	  
Primarily	  a	  bird	  disease	  but	  can	  infect	  humans	  

Spread	  by	  mosquitoes	  



Microbial	  Resistance	  vs.	  	  
Human	  Suscep@bility	  

Microbial	  Evolu@on	  

Drug	  resistance	  makes	  
pathogens	  more	  virulent	  

Compromised	  immunity	  
increases	  infec@on	  risk	  

Human	  Immune	  System	  



Opportunis@c	  Infec@ons	  in	  HIV/AIDS	  
HIV	  infec@on	  causes	  a	  decline	  in	  CD4+	  T	  cells	  	  	  

Main	  “director”	  cell	  of	  the	  immune	  system	  

Deple@on	  leads	  to	  opportunis@c	  infec@ons	  and	  death	  

AIDS	  Stage	   Opportunis5c	  Infec5on	  

Pre-‐AIDS	   Candida	  (Yeast)	  
Shingles	  (Virus)	  

AIDS	  
	  	  	  	  	  	  CD4+	  <	  200	  cells/ul	  blood	  

Tuberculosis	  (Bacteria)	  
Pneumocys@s	  (Yeast)	  

	  	  	  	  	  	  CD4+	  <	  100	  cells/	  ul	  blood	   CMV	  Infec@on	  (Virus)	  
Dimorphic	  fungi	  infec@on	  

	  	  	  	  	  	  CD4+	  <	  50	  cells/ul	  blood	   MAC	  (Bacteria)	  
Toxoplasmosis	  (Parasite)	  



Drug	  Resistance	  

Secondary	  (Acquired)	  
Stable	  (muta@on)	  or	  
Transient	  (plasmids)	  

Primary	  (Intrinsic)	  	  
Characteris@c	  of	  	  
the	  pathogen	  	  

Drugs	  DO	  NOT	  cause	  resistance	  muta@ons	  –	  	  
they	  select	  already	  resistant	  strains	  for	  survival	  

Gram	  (+)	   Gram	  (-‐)	  

Penicillin	  akacks	  bacterial	  cell	  wall	  
synthesis	  –	  gram	  (-‐)	  less	  suscep@ble	  

HIV	  
Diversity	   HIV	  rapidly	  

mutates	  

Drug	  no	  longer	  
recognizes	  target	  



Prac@ces	  That	  Promote	  Resistance	  
Drugs	  in	  animal	  feed	  for	  growth	  and	  disease	  preven@on	  

	  -‐	  70%	  of	  an@bio@cs	  are	  used	  in	  animals	  

Failure	  to	  complete	  full	  treatment	  
	  -‐	  Side	  effects	  	  Tuberculosis,	  Hepa@@s	  C	  
	  -‐	  Because	  pa@ent	  “feels	  beker”	  	  

Inappropriate	  use	  of	  drugs	  
	  -‐	  An@bio@c	  for	  cold	  or	  influenza	  viruses	  

Hospital	  transmission	  (MRSA)	  

Over	  the	  counter	  use	  in	  developing	  countries	  	  

Interna@onal	  travel	  



Human	  Behavior	  and	  Migra@on	  

Interna@onal	  Travel	  

Social	  factors	  greatly	  impact	  pathogen	  spread/emergence	  

War	  

Poverty	  
Misinforma@on
&	  Fear	  



Natural	  Disasters	  Also	  Lead	  to	  
Breakdown	  of	  Public	  Health	  Resources	  

Lack	  of	  available	  resources	  (medicine,	  trained	  personnel,	  
emergency	  plans,	  proper	  sanita@on,	  etc)	  make	  figh@ng	  

epidemic	  disease	  that	  much	  harder	  	  	  

Famine	  –	  
Somalia,	  2011	  

Earthquake	  –	  
Hai@,	  2010	  

Hurricane	  Katrina	  –	  
New	  Orleans,	  2005	  



Comba@ng	  Infec@ous	  Disease	  
Major	  advances	  over	  the	  past	  100	  years	  help	  control	  the	  

impact	  of	  pathogens	  worldwide	  

Drugs	  
	  -‐	  Penicillin	  	  First	  an@bio@c,	  mass-‐produced	  in	  1944	  

Vaccines	  
	  -‐	  First	  vaccine:	  Smallpox	  	  Edward	  Jenner,	  1796	  (Eradicated	  	  	  	  
	  	  	  1979)	  
	  -‐	  Salk	  (1955)	  and	  Sabin	  (1962)	  Polio	  vaccines	  

Non-‐medicinal	  interven@ons	  
	  -‐	  Bednets	  for	  malaria	  preven@on	  
	  -‐	  Promo@on	  of	  condom	  use	  in	  areas	  of	  high	  HIV/AIDS	  	  
	  -‐	  Municipal	  water	  chlorina@on	  

Surveillance	  



Monitoring	  Increases	  the	  Chance	  of	  Early	  
Outbreak	  Detec@on	  and	  Interven@on	  

Na@onal	  

Incidence:	  Number	  of	  new	  cases	  	  
of	  a	  disease	  
Prevalence:	  Total	  number	  of	  cases	  	  
of	  a	  disease	  

Morbidity:	  Illness/Disability	  
Mortality:	  Death	  
DALY:	  Disability	  Adjusted	  Life	  Years	  -‐	  
measure	  of	  total	  morbidity	  and	  	  
mortality	  for	  a	  disease	  

Global	  

Local	  





Full	  2009	  Report:	  hkp://www.doh.wa.gov/no@fy/annlrpt/cdr2009.pdf	  



ProMed	  Alerts	  

Interna@onal	  
Society	  for	  
Infec@ous	  
Diseases	  

(www.isid.org)	  

Daily	  tracking	  
of	  current	  
outbreaks	  
worldwide	  



Global	  Incident	  Map	  
(For	  those	  who	  enjoy	  paranoia!)	  

hkp://outbreaks.globalincidentmap.com/home.php	  





Ques@ons?	  
jlb42@uw.edu	  


