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Infectious Diseases - Historical Perspective
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Painting showing the plague in Constantinople. (Credit: Walters Art Museum)

Plag ue Of \] UStI n Ian 541 A D - 1OOM Scene of the plague in Florence. (Credit: DeAgostini/Getty Images)
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The Origins of Emerging Infections

A Domestication of livestock (10,000-15,000 years ago)
I Faclilitated cross-species transmission (zoonotic)
I Encouraged settlement living

A Settlements became cities
I Packed w/ susceptible people
I Required civil services

Christopher Columbus

A Migration, trade, exploration, conquest
I Transported pathogens
I Introduced pathogens to new susceptible people




Advancing Our Understanding

A 19th- 20t century advances reduced infection risk
I Sanitation / Food handling / Pasteurization
I Germ theory / Penicillin / Vaccines

Robert Koch

AVision of the 6éeradicationi
I Natural selection drives decline in organism virulence
I Paradigm of commensalism and equilibrium w/ host




Advancing Our Confidence

1948: George Marshall (US SECSTATE)
- world has the means to eradicate infectious
diseases

1955: Paul Russell (Rockefeller Foundation)
I Manos Master

1969: William Stewart (US Surgeon General)
60cl ose the book on i |



http://en.wikipedia.org/wiki/File:William_H._Stewart,_photo_portrait_as_surgeon_general.jpg

HIV Required Us to Re-Focus

A 1981: HIV/AIDS recognized as new disease entity
A 1983: Peter Piot warns AIDS in Africa is heterosexual dz.

A1988: US Surgeon General 6s

Understanding
AIDS

A Message From The Surgeon General

his brochure has been sent to you by the Government of the
United States. In preparing it, we have consulted with the top
health experts in the country.

I feel it 1s important that you have the best information now
available for fighting the AIDS virus, a health problem that the
President has called *Public Enemy Number One.”

Stopping AIDS is up to you, vour family and your
loved ones.
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Interest In Infectious Diseases Returns

A 1992: National Academy of Sciences Institute of Medicine
I Emerging Infections: Microbial Threats to Health

A 1994: US Centers for Disease Control and Prevention
I Founded Emerging Infectious Diseases journal

A 1996: US President Bill Clinton

io[fi nfectious diseases] one
and security challengesf aci ng t he gl o




Ebola Outbreak 1 1995 - Kikwit

Released
10/1995

§UT38EAS
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Look to the Past to Understand the Future

Joshua Lederberg, PhD

O[] communicabl e
the major cause of death
worldwide and will not be
conquered during our lifetimes .
.. We can also be confident that
new diseases will emerge,
although it is impossible to predict
their individual emergence in time
and pl acebo




NATIONAL SECURITY
STRATEGY

of the United States of America

DECEMBER 2017
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DETECT AND CONTAIN
BIOTHREATS AT THEIR SOURCE:

A We will work with other countries to
detect and mitigate outbreaks early
to prevent the spread of disease.

A We will encourage other countries

to invest in basic health care

systems and to strengthen global
health security across the
intersection of human and animal
health to prevent infectious disease
outbreaks.

And we will work with partners to

ensure that laboratories that handle

dangerous pathogens have in place
safety and security measures.




What is the Global ID Threat Today

Global Examples of Emerging and
Re-Emerging Infectious Diseases

Antimicrobial- West Nile virus Cryptosporidiosis Ebola virus disease Diphtheria _ MERS-CoV
resistant threats : j g

- CRE Enterovirus D68 P°a?3:ay \oﬁ-oﬁ"a A / Drug-resistant malaria/ Akhmeta virus

- MRSA Heartland / - \ VAV Rift Valley fever

- C. difficile s " i e N ,’ Typhoid fever

N. h > EL e
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Cyclosporiasis Q»& ' : E. coli
E. coli 0157:H7 —/4A———2 Q80— 0157:H7

- » / . “
Measles ’? sa*ie Y . i
Human q ’ 7 (A8 influenza
monkeypox : L N H7N9
Listeriosis A B
? influenza
74y #:

Bourbon
virus / H5N1
2009 H1N1 )
influenza B
Adenovirus 14 /
Anthrax ’
-

virus

Hendra
virus

Enterovirus 71
Human monkeypox

influenza
bioterrorism (

SARS
Nipah
Chikungunya
Hantavirus

Dengue
pulmonary : A
syndrome Zika virus y A = Ebola virus disease
Yellow fever / \ \ // Marburg  MDR/XDR tuberculosis Zika virus
Human African trypanosomiasis” Cholera hemorrhagic fever Plague

O Newly emerging O Re-emerging/resurging @ “Deliberately emerging”| . .
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SARS-CoV-2 and COVID

COVID-19 Dashboard by the Center for Systems Science and Engineering (CSSE) at Johns Hopkins University (JHU)
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What is Driving
the ID Threat

Organization

@ World Health

Emerging infections: a perpetual challenge

David M Morens, Gregory K Folkers, Anthony S Fauci

www.thelancet.com/infection Vol 8 November 2008
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Panel: Factors involved in infectious disease emergence**®

Often differing for newly emerging, re-emerging, and
deliberately emerging diseases, these selected factors include
genetic, biological, social, political, and economic
determinants

1

¥ B o o T I o L T QR O W S

International trade and commerce
Human demographics and behaviour
Human susceptibility to infection
Poverty and social inequality

War and famine

Breakdown of public-health measures
Technology and industry

Changing ecosystems

Climate and weather

10 Intentto harm

11 Lack of political will

12 Microbial adaptation and change

13 Economic development and land use
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Infectious Diseases and the US Military

MAJ Walter Reed
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The U.S. Department of

Defense and Global Health: &
Infectious Disease Efforts Yellow fever

October 2013

BOX 2. DOD EFFORTS RELATED TO GLOBAL HEALTH ADDRESS A RANGE OF INFECTIOUS DISEASES™

Bacterial Infections Viral Infections
Campylobacter jejuni Chikungunya
Cholera Dengue
Enterotoxigenic Escherichia coli (ETEC) Hepatitis A & E (Viral Hepatitis)
Leptospirosis HIV/AIDS
Murine typhus Influenza
Q Fever Japanese encephalitis
Salmonella Noroviruses
Scrub typhus Yellow Fever
Shigella
Tuberculosis The broader classes of:
Antimicrobial resistant organisms
Parasitic Infections Enteric diseases (diarrheal diseases,
Cryptosporidia gastrointestinal infections)
Cyclospora Febrile and vector-borne infections
Leishmaniasis Respiratory infections
Malaria Rickettsial diseases

Sexually-transmitted infections

NOTES: Some of these groupings overlap.

Enteric diseases
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Mortality Surveillance for Infectious Diseases in the U.S.
Department of Defense (1998-2013)

TABLE I. Deaths Resulting From Infectious Agents, Active Duty U.S. Military Personnel, 1998-2013

Disease Category Total Deaths Agent Found (%) Primary Cause of Death, Agent Found (Number of Cases)

Respiratory 64 38 (59.4) Pneumonia (36), Other (2) (Table III)

Acute Respiratory Distress Syndrome (ARDS) 3 0 (0.0) Diffuse Alveolar Damage (ARDS)

Myocarditis/Pericarditis 39 2 (5.1) Adenovirus (1), Fungal (1)

Blood Borne 33 33 (100.0) Hepatitis C (15) and B (11), HIV (6), Herpes Simplex Virus (1)

Central Nervous System (CNS) Disease 28 21 (75.0) Meningitis (13), Encephalitis (6), Rabies (2) (Table IV)

Septicemia 27 24 (88.9) Sepsis (20), Toxic Shock Syndrome (4)

Vector Borne 8 8 (100.0) Hantavirus (3), Ehrlichia (2), Malaria (2), Crimean-Congo
Hemorrhagic Fever (1)

Other Infections 15 14 (93.3) Brain Abscess (4), Epstein-Barr Virus (4), Coccidioides immitis (3),
Taenia solium (2), Aortic Abscess (1)

Total 217 140 (64.5)

HIV, human immunodeficiency virus.

MILITARY MEDICINE, 182, 3/4:e1713, 2017
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Specific Threats to the Force T Enterics

U.S. Army 1st Lt. Robert Wolfe, security force platoon leader for Provincial Reconstruction Team Farah, provides rooftop
security during a key leader engagement in Farah City, Afghanistan. (Lt. j.g. Matthew Stroup/U.S. Navy)




Update: Incidence of Acute Gastrointestinal Infections and

Diarrhea, Active Component, U.S. Armed Forces, 2010-
2019

FIGURE 1. Crude annual incidence rates of Gl infections, by type of infection, active component, U.S. Armed Forces, 2010-2019
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A Multisite Network Assessment of the Epidemiology and Etiology of Acquired Diarrhea among

U.S. Military and Western Travelers (Global Travelers’ Diarrhea Study): A Principal Role of
Norovirus among Travelers with Gastrointestinal lliness

Pathogen results by country and geographic region and country

Asia-Pacific, n (%) South/Central America, n (%) Middle East, n (%)
Pathogen Nepal Thailand Honduras Peru Egypt Total by pathogen, n (%)
/ Norovirus \

Positive 53 (32) 7 (44) 9 (20) 28 (16) 1(7) 98 (24)

Genogroup | 18 (34) 2 (29) 2(22) 3(11) 0(0) -

Genogroup Il 28 (53) 5(71) 7(78) 25 (89) 1(100) -

Genogroups | and II 7(13) 0(0) 0(0) 0 (0) 0(0) -

Negative 112 (68) 9 (56) 35 (80) 143 (84) 13 (93) 312 (76)
Campylobacter jejuni

Positive 30 (18) 5(31) 5(11) 16 (9) 1(7) 57 (14)

K Negative 135 (82) 11 (69) 39 (89) 155 (91) 13 (93) 353 (86) /

Shigella—enteroinvasive E. coli

Positive 16 (10) 0(0) 4(9) 16 (9) 4(29) 40 (10)

Negative 149 (90) 16 (100) 40 (91) 155 (91) 10(71) 370 (90)
Salmonella

Positive 3(2) 3(19) 0(0) 0(0) 0(0) 6(1)

Negative 162 (98) 13 (81) 44 (100) 171 (100) 14 (100) 404 (99)
Enteropathogenic E. coli

Positive 16 (10) 5(31) 0(0) 10 (6) 1(7) 32 (8)

Negative 149 (90) 11 (69) 44 (100) 161 (94) 13 (93) 378 (92)
Shiga toxin—producing E. coli

Positive 2(1) 0(0) 0(0) 1(1) 0(0) 3(1)

Negative 163 (99) 16 (100) 44 (100) 170 (99) 14 (100) 407 (99)
Enteroaggregative E. coli

Positive 18 (11) 1(6) 2(5) 5(@) 1(7) 27 (7)

Negative 147 (89) 15 (94) 42 (95) 166 (97) 13 (93) 383 (93)
Enterotoxigenic E. coli

Positive 35 (21) 1(6) 6(14) 16 (9) 6 (43) 64 (16)

Negative 130 (79) 15 (94) 38 (86) 155 (91) 8 (57) 346 (84)
Pathogen combinations

Single pathogen 74 (45) 10 (63) 17 (39) 69 (40) 7 (50) 177 (43)

Multiple pathogen 42 (25) 5(31) 4(9) 10 (6) 3(21) 64 (16)

None detected” 49 (30) 1(6) 23 (52) 92 (54) 4(29) 169 (41)

E. coli = Escherichia coli.
* Limited to observations with all pathogen reports of “0"; “missing,” or “pending” observations were excluded.

Am. J. Trop. Med. Hyg., 103(5), 2020, pp. 1855-1863

doi:10.4269/ajtmh.20-0053
Copyright @ 2020 by The American Society of Tropical Medicine and Hygiene
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Surveillance Snapshot: Norovirus Outhreaks in Military Forces, 2015-2019

TABLE. Reported NoV outbreaks in military forces, 2015-2019

Month and year
of outbreak onset
April 2015

August 2015

October 2015
January 2016

January 2016

February 2016
November 2016

January 2017
December 2017

May 2018

Setting
Army base, Portugal
Military camp, Singapore

Army base, Portugal

Army base, Azores (Portugal)
Deployed French armed

forces, Central African Republic
Military unit, France

Army base, Portugal

Army military exercise, Portugal
Muitiple Army units, Lisbon,
Portugal

U.S. military, Camp Arifjan,
Kuwait

) Health.mil

The official website of the Military Health System

Estimated attack rate (%) [no. of
NoV cases out of total personnel]
4.9% [46 cases out of 938]

3.0% [150 out of 5,000]

40.0% [36 cases out of 90]
40.0% [20 cases out of 50]

22.2% [200 cases out of 900]

34.3% [103 cases out of 300]
7.4% [29 cases out of 394]
20.0% [17 cases out of 84]

3.5% [31 out of 874 in 3 Army
units]

No attack rate reported; 91 cases
(8 confirmed, 83 suspected)

0 ioti
7 specimens positive for NoV G1.9

New emerging strains of caliciviruses [sapovirus (Gll.3) and NoV(GI.7 and
GIl1.17)] identified as causative agents

1 specimen tested positive for NoV GII.17; 22 cases hospitalized

5 specimens positive for NoV Gll.Pe-Gll.4 Sydney; likely spread by food worker

6 specimens positive for NoV GlI; foodborne outbreak likely due to local food
handlers

1 specimen positive for NoV Gl1.17; likely spread by food worker
11 specimens positive for NoV GII.P2-Gll.2
3 specimens positive for NoV GII.P16-GlI.2

11 samples positive for NoV GlI.P16-Gll .4 Sydney

8 specimens positive via BioFire FilmArray; genotype unspecified




Risk: [ ] Low<8% [ |Intermediate 8-20% [ High 20-50% [l Very high >50%
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J o Journal of Travel Medicine, 2017, Vol 24, Suppl 1, S63-580
OURNAL International Society of Travel Medicine doi: 10.1093/jtm/tax026
of TRAVEL necicine

- - Promoting healthy travel worldwide Original Article
EDICINE

Original Article

Guidelines for the prevention and treatment of
travelers’ diarrhea: a graded expert panel report

Prophylaxis

1. Antimicrobial prophylaxis should not be used routinely
in travelers (Strong recommendation, low/very low level
of evidence).

2. Antimicrobial prophylaxis should be considered for
travelers at high risk of health-related complications of
travelers’ diarrhea (Strong recommendation, low/very low
level of evidence).

3. Bismuth subsalicylate (BSS) may be considered for any
traveler to prevent travelers’ diarrhea (Strong recommen-
dation, high level of evidence).

4. When antibiotic prophylaxis is indicated, rifaximin is
recommended (Strong recommendation, moderate level
of evidence).

5. Fluoroquinolones are not recommended for prophy-
laxis of travelers’ diarrhea (Strong recommendation, low/
very low level of evidence).
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Journal of Travel Medicine, 2017, Vol. 24, Suppl 1

Providers should consider the following in counseling the traveler:
- (1) Definitions of travelers’” diarrhea and severity classification
S (2) Importance of oral rehydration through fluid and salt intake for all travelers’ diarrhea
g (3) Information on effectiveness of treatments for travelers’ diarrhea and the risk of travel, travelers’
E diarrhea, and antibiotic use with the acquisition of multi-drug resistance bacteria.
(4) Provision of empiric treatment medications as indicated by itinerary and provider-traveler determination
(5) Intra- and post-travel illness follow-up recommendations
Self-determination
Mild
> Diarrhea that is tolerable, is not
E distressing. and does not interfere
l:o with planned activities
=
é May use loperamide alone May use
May use loperamide or bismuth or loperamide as
subsalicylates as an adjunct to antibiotics adjunct to
antibiotics
- - +
May use antibiotic (Table 2) Should use antibiotic (Table 2)
2 7
—_— T
“é [ Acute travelers’ diarrhea should be treated empirically as above. |
O Microbiologic testing is recommended in retuming travelers with severe or persistent symptoms
g or in those who fail empiric therapy
l Multiplex molecular diagnostics are preferred in patients with persistent or chronic symptoms ]

Figure 1. Travelers’ diarrhea management algorithm
Footnote: *All Dysentery is considered severe




Tr av el

Table 2. Acute diarrhea antibiotic treatment recommendations

er os

] 27
DI arr he

Antibiotic® Dose Treatment duration
Azithromycin® 4 1000 mg by mouth or Single or 1-day divided®
500 mg by mouth 3 day course
Levofloxacin 500 mg by mouth Single dose® or 3 day course
Ciprofloxacin 750 mg by mouth or Single dose®
500 mg by mouth 3 day course
Ofloxacin 400 mg by mouth Single dose® or 3 day course
Rifaximin® 200 mg by mouth three times daily 3 days

*Antibiotic regimens may be combined with loperamide, 4 mg first dose, then 2 mg dose after each loose stool, not to exceed 16 mg in a 24 hour period.

PIf symptoms are not resolved after 24 hours, continue daily dosing for up to 3 days.

“Use empirically as first line in Southeast Asia and India to cover fluoroquinolone resistant Campylobacter or in other geographical areas if Campylobacter or resistant ETEC are

suspected.

dpreferred regimen for dysentery or febrile diarrhea.

“Do not use if clinical suspicion for Campylobacter, Salmonella, Shigella or other causes of invasive diarrhea.




Specific Threats to the Force - Influenza

Soldiers at Camp Funston, Kansas, are quarantined while recovering from the Spanish flu in 1918

Photo by National Guard Bureau




Summary of the 2018-2019 Influenza Season Among
Department of Defense Service Members and Other
Beneficiaries

FIGURE 1a. Numbers of laboratory-confirmed influenza specimens by serotype and percentages of respiratory specimens positive for influenza
by surveillance week, service members, U.S. Armed Forces, 2018-2019 influenza season
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US Influenza Activity (2019-2020)

Percentage of Visits for Influenza-like lliness (ILI) Reported by
the U.S. Outpatient Influenza-like Iliness Surveillance Network (ILINet),
Weekly National Summary, 2020-2021 and Selected Previous Seasons
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RESEARCH ARTICLE

Influenza Seasonality in the Tropics and
Subtropics — When to Vaccinate?

Legend

| AprJun [27]

B Jul-Sep [14]

] Oct-Dec [18]

Bl Jan-Mar [9]

B Yr-round [2]

[ ] No data / NA [154]

Fig 3. Start of the primary main influenza season. The number in parenthesis in legend indicate number of countries.

doi:10.1371/journal.pone.0153003.9003
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Specific Threats to the Force - Malaria

COVERED! USE REPELLENT!




Malaria incidence, 2018
o

<0.1

0.1to <1

1t0 10
B >10 to 50
Il >50 to0 100
Il >100 to 250
I >250
[ No malaria
B Not applicable

WORLD
MALARIA
REPORT

2019

Yy, World Health
Organlzatlon
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Update: Malaria, U.S. Armed Forces, 2019

FIGURE 2. Annual numbers of malana cases, by location of acquisition, U.S. Armed Forces,
2010-2019

FIGURE 1. Numbers of malaria cases, by Plasmodium species and calendar year of diagnosis
or report, active and reserve components, U.S. Armed Forces, 2010-2019 1401 BAfrica

130 1 126 mAfghanistan
mUnspecified/other
mKorea
OSouth/Central America

ok | o P. falciparum

130 + 126 oUnspecified/other
BP. vivax 110 +
o Other Plasmodium spp.

120 +

100 +

No. of cases
No. of cases

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
No., number.

Health.mil

The official website of the Military Health System
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Clinical Suspicion = Prompt Diagnosis

A Travel to area with malaria and any symptom

I Malaria until proven otherwise
A Within 1 month of return be highly concerned
A >1 month since return, p. falciparum less likely

TABLE 276-1 Diagnostic Features of Severe Malaria

Cerebral malaria (diminished consciousness, seizures)
Respiratory distress

Malaria Symptoms Prostration

Hyperparasitemia

Severe anemia

A Fever, Chills, Sweats N —
A Headaches, Nausea and vomiting Jaundice/i:rterus
: Renal i i
A Body aches, General malaise SAELIASSEESy

Hemoglobinuria

Shock

Cessation of eating and drinking
Repetitive vomiting
Hyperpyrexia
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Fever and history of travel to malaria-endemic
area, or clinical suspicion of malaria .
|:| Evaluation

4 Disposition

Perform thick and thin blood smears I:]
and read on the same day** —

D Medication

A Malaria Treatment

Repeat blood smears every
12-24 hours
(total of 3 times)

From smear: calculate parasite density
and determine species

| Evaluate clinial status and III B e S u S p i C i O u S

disease severity

vy
Consider alternate i

diagnosis
1ag unc,om'pll!:ated Severe malaria and/or patient
LI unable to tolerate oral
¢ ¢ i i medication, regardless of speciest e M I t I

P. falciparum, P. knowlesi, P. ovale or P. vivax acquired in P. vivax
f or species not yet . P. malariae area without chloroguine acquired in area Admit to intensive care unit
identifiedt resistance with Call cDC - .
: i l s ; jagnosis

resistance

Admit to hospital and monitor | -
for disease progression " Chloroquine or . P"hﬂ:lu'“! . Intravenous artesunate
i ! b - J e If needed, interim treatment:
P. falciparum or species v Artemether-lumefantrine
not yet identifiedt or
Y Art +h I r A il
Al Lkl - 3
P. knowlesi or or
Atovaquone-proguanil Quinine - . .
or
N _ o 1o i e | ASSess clinica
lus tet I .
Chloroquine or CU-I";I:I: &;Iljydi ;:'-';: UL Mefloguine
Hydroxychlorogquine* clindamycin .
or, if no other options, S eve r I t
\ 2 v ¥ Mefloquine - oy
P. e
“quir{:mmwim P. falciparum acquired P. falciparum every 12-24 hours
no chk e in area with acquired in area with
e, chloroquine | PLUS
¢ L A 4 A 4
h 4 Ar her-lumefantrine | | Ar her-lumefantrine If not GEPD deficient by Administer follow on treatment
Chloroquine or (preferred) (preferred) quantitative testing: after intravenous artesunate: .
Hydroxychloroguine* . or - N or . Primaquine (any prior regimen Artemether lumefantrine I O O S e t e ra
1 el Sodiliol proguanil for acute infection) or o
=l or Tafenoquine (only if Atovaquone-proguanil
Quinine plus tetracycline | | Quinine plus tetracycline chloroquine used for acute <
or df:wiclin_e or or doxycycline or infection; not for children <16 Quinine and doxycycline (or
clindamycin clindamycin years old) clindamycin)
or, if no other options, or, if no other options,
Mefloguine Mefloquine
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FDA NEWS RELEASE

FDA Approves Only Drug in U.S. to Treat Severe
Malaria

f share in Linkedin | & Email = & Print

For Inmediate Release:  May 26, 2020

Today, the U.S. Food and Drug Administration approved artesunate for injection to treat
severe malaria in adult and pediatric patients. Treatment of severe malaria with
intravenous (IV) artesunate should always be followed by a complete treatment course of
an appropriate oral antimalarial regimen.

CDC Malaria Hotline: (770) 488-7788 or (855) 856-4713 (toll free) Monday to Friday 9am-5pm EST — (770) 488-7100 after hours, weekends, and holidays.




Specific Threats to the Force - Rabies

0
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A woodcut from the Middle Ages showing a rabid dog / Scanned from Dobson, Mary
J. (2008) Disease, Englewood Cliffs, N.J: Quercus, p. 157, Wikimedia Commons
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https://en.wikipedia.org/wiki/File:Middle_Ages_rabid_dog.jpg
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Global Rabies Distribution




