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Learning Objectives

A Historical review of infectious disease related combat
Injuries and deaths will be reviewed.

A WWI and the 1918 Influenza Pandemic. SARS, MERS and
WuhanCoV.

A Dengue and US Marine Forces in Saipan during WWII,
US Forces in Haiti and Somalia.

A Malaria outbreak in US Marines deployed to Monrovia,
Africa.

A Rabies in Afghanistan.

A Leishmaniasignd multidrug resistant bacteria in US
~orces during the Irag War.

A Lessons learned for future deployments will be discussed.




National Academy of Sciences 2002 Report on
NnNProtecting our Forceso

A Infectious agents remain a substantial threat to the operational capacity
of U.S. military forces for three distinct reasons:

A (1) recruits continue to train in groups under crowded conditions,
Increasing the risk of spread of infectious agents;

A (2) deployed warfighters, whether on combat or peacekeeping
missions, continue to come into contact with pathogens with which
they have no prior experience and, therefore, against which they have
no immunity; and

A (3) warfighters, along with others, face an increasing risk of the
=Y Intentional use of weaponized infectious agents. 3



Historical Significance of Infectious Disease Related
Combat Injuries

A Alexander the Great just as he was about to achieve world supremacy
died in 323 BC at the age of 32 from either typhoid or malaria.

A Napoleon the Great in 1798 halted his Egyptian Campaign when his
troops were decimated by an outbreak of plague.

A George Washington in 1777 ordered the mass vaccination of
Congressional Soldiers to stop a smallpox outbreak.

A During the Spanish American War of 1898, US Forces invaded Cuba.
Fewer than 400 American soldiers were killed in combat during the
war. But more than 2,000 contracted yellow fever during the
campaign. 4



History continued

A American combatleathdn World War Itotaled 53,402. But 45,000
AmericanSoldiers diedf influenzaand related pneumonia by the end
of 1918.

A During WWII, malaria and dengue were significant causes of soldier
liness: 80% of soldiers stationed in Australia and 100% of soldiers In
the Solomon Islands became ill from dengue.

A During the Korean War, a new illness was identiflddntaarFever
with Renal Syndrome causing several 1,000 hospitalization and deaths

A The Vietnam War resulted in outbreaks of malaria, dengue, typhoid
fever, andmeliodosis
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History continued

A Conflicts in Haiti and Somalia resulted in large outbreaks of
dengue.

A Irag War resulted in several thousand cases of cutaneous
leishmaniasigaind an outbreak of mwutirugacinetobacter
iInfections.
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Figure 1 Global examples of emerging and re-emerging infectious diseases, some of which are discussed in the main text. Red represents newly emerging diseases;
blue, re-emerging/resurging diseases; black, a 'deliberately emerging' disease. Adapted, with permission, fromref. 23,

The challenge of emerging andemerging infectious diseases. David M. Morens, Gregory
K. Folkers & Anthony S. Fauci, Nature, 2004;430, 242



Box 1
Factors involved in the emergence of infectious diseases

Selected factors contribute to the emergence/re-emergence of
infectious diseases® %, These factors, which frequently differ for
‘newly emerging’, 're-emerding/resurging’ and 'deliberately
emerging’ diseases, include genetic, biological, and social, political
and economic factors.

* Microbial adaptation and change

* Human susceptibility to infection

* Climate and weather

* Changing ecosystems

* Human demogdraphics and behaviour
* Fconomic development and land use
* [nternational travel and commerce

* [echnology and industry

* Breakdown of public health measures
* Poverty and social inequality

« \War and famine

* | ack of political will

* [ntent to harm
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The Forgotten Pandemic: Influenza of 1918

‘1

S - AIn 1918 the world was involved

' In its first global world war. The
United States was training and
sending over a million soldiers
to fight in France.

A CampDevenswas the training
ground of the 12th Infantry
Division and consisted of 45,000
men training in an encampment
build for 35,000.




Teaching Points

A Influenza is a Zoonosis: aquatic birds are the source for all genes
of influenza.

A Human epidemic influenza is caused by type A and B viruses,
both undergo antigenic change in their surface antigens.

A Epidemics are the consequence of antigenic chafigasn t i g e n i
dri fto.

A Pandemic influenza occurs at unpredictable intervals, result of a
major antigenichant i geni ¢ shifto, only

A Antigenic shift is the evolution of a new human influenza A virus
by acquiring a new hemagglutinin gene encoding a different
subtype.

A Two subtypes of avian influenza, H5 and H7, can cause severe
Infections into domestic poultry. Avian influenza viruses do not
readily infect humans. In the past 3 years, more than 250 cases of
HS5N1 infection of humans have occurred, with a mortality of
60%.
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MNatural Course of Influenza
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Spread of Influenza in the United States: 1918
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Influenza in the Allied Expeditionary Force: France 1918

Influenza Pneumonia
Admission Admissions Deaths Mortality %

Americans
September 37,935 3,560 2,500 6.0
October 38,655 7,008 5,092 11.2
November 22,066 2,621 1,552 6.3
British
October 14,000 0 316 2.3
November 48,683 0 3,340 6.9
French
September 24,280 0 2,195 9.1
October 75,719 0 5,917 7.8

November 32,508 0 2,046 6.3




Summary

A Influenza A is a zoonosis with a primary reservoir in birds.

A Constant evolution of influenza virus through antigenic
shift, drift, reassortmerdnd adaptation through a cycle of
birds, swine and humans.

A Future pandemics of influenza A is a certainty.

A Troop overcrowding, poor sanitation, and stress of war
contributed to the large outbreak.
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Protecting Soldiers

A Minimize overcrowding.
A Influenza vaccine.
A Prompt reporting and isolation from troop barracks.

20



Emerging Respiratory Threats to the Warfighter
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Severe Acute Respiratory Syndrome (SARS)

AIn late 2002, several hundred of cases of a severe atypical
pneumonia were reported in Guangdong Province in the
Peopl edbs Republic of Chi na.

A By March 2003, outbreaks of a similar disease were reported
iIn Hong Kong, Vietnam and Canada.

A In March 2003, the WHO issued a global alert for the illness,
call ed nNnsevere acute respilre

A By April 2003, over 4300 cases were reported with 250
(472 deaths in over 25 countries of the world.




History continued.

A By March 2003, laboratories in the U.S., Canada, Germany,
and Hong Kong isolated a coronavirus from the respiratory
secretions of affected patients, designated S&RSE in Vero
cells.




Unique Features of the Outbreak

A First reported outbreak of a human coronavirus
producing a pneumonia with a high morbidity and
mortality.

A Rapid spread of the virus in the human population.
A Large secondary attack rate in health care providers.




Ksiazek T.G., Erdman D., Goldsmith C.S et al, A novel coronavirus associated with severe acute
respiratory syndrome, NEJM, 2003; 348:195356.




Structure of Coronavirus Virion

Spike glycoprotein
Hemagglutinin-acetylesterase | A —~

glycoprotein \ \ ,' A

Nucleocapsid
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RNA -
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Small envelope glycoprotein
Holmes, K.V. SAR&Associated Coronavirus. NEJM 2003;
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Epidemiology of Epidemic

SARS : Number of Current Probable Cases as of 14 May 2003, 17:00 GMT+2
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Probable cases of SARS by date of report
Worldwide* (n=4,864)
1 January - 2 May 2003
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Course of Disease In One Patient

Poutanen SM, Low DE, Henry B et al. Identification of severe acute respiratory syndrome in Canada.
NEJM 2003; 348: 1992005.




Figure 2: Chest radiographs and high-resolution CT scans from two SARS patients

A Man aged 34 years admitted for high fever and cough. A: Consolidation seen in left upper and middle zones, which progressed maximally at day 7. B: At
day 20, resolution of consolidation in the left upper and middle zones but new widespread air-space opacities noted: those in left lung base were
confluent. Man aged 32 years, presented with fever, chills, rigors and myalgia. with clear chest radiograph at admission. C: High-resolution CT of thorax
shows peripheral subpleural consolidation in medial basal segment of left lower lobe. D: Resolution of original left lower-lobe consolidation at day 18. E:

Disease complicated by spontaneous pneumomediastinum.




SARS Conclusion

A SARS is an example of a disease that is emerging.
A A unique virus that jumped from animal to man.

A A clinical picture that was consistent with other known
viruses such as influenza.

A Rapid spread due to current mobile global society with air
transportation.

A Produced tremendous economic loss and social disruption.




Middle Eastern Respiratory Syndrome (MERSV)
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WuhanCoV (As of 2/4/2020

Coronavirus cases
There are 20,571 confirmed cases of the new coronavirus as of Monday.

China
Deaths I 425

Cases N 20353

Other regions
Deaths | 1 (Philippines)
Cases | 188
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Confirmed cases in North America
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Ding Xiang Yuan, Johns Hopkins University Los Angeles Times
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Dengue Key Facts

A Mosquitoborne viral infection Aedes aegypti tropical and
subtropical regions, urban areas at high risk.

A Global health problem half of the world's population is now
at risk390 million dengue infections per year, 96 million
symptomatic.

A Dengue fever is a fHike illness on 29 infection can lead to
severe dengue.

A There is no specific treatment for dengue/ severe dengue, but
early detection and access to proper medical care lowers
fatality rates below 1%.

A Vaccines are in clinical trials.



US Dengue Epidemics

A 17801
I Epidemic in Philadelphia described by Dr. B. Rush
I AugustSeptember febrilexanthem
I Confined to persons residing along the Delaware River
iThe term ABreak Bone Fever o |
A180D0DO06s
I Numerous US Coastal cities suffer epidemics
A 1995-
I Texas has 29 cases, 7 locally acquired
A 2001i
I Hawailan Islands report 119 cases of DF
A Majority of cases are imported or in returning travelers




American Soldiers- Philippine Islands,
1902-1928

AAverage loss to the
Army of 7,715 days
per year
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1942-45 1942 1943 1044 1945
Theater or arca I o k. R
Number | Rate || Number | Rate | Number | Rate | Number | Rate | Number Rate
Continental United States_ ___.. 75 1 0.01 6 0.00 25 1 0.00 19 | 0.00 25 | 0.01
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Daily Reported Cases During the Saipan Dengue Epidemic
September i October, 1944
A Dengue appears after 15 June island assault
A By 11 AugustAedesspecies are numerous (rainy season)
A Combat operations created numerous breeding habitats
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Recent US Military Experience with Dengue

A 1966- Long Binh, Viet Nam @nnals1967; 66 (6): 1129
1143)

i 110 Cases of FUO at 9Evacuation Hospital
I Dengue responsible for 31 (28%)
A 1992- Somalia AJTMH1995; 53(1):894)
I 289 febrile troops hospitalized
I 129 (45%) without an identified cause
I Dengue virus was recovered from 41 (43%) of 96
I 18 (49%) of 37 culturmegative cases, + IgM ab
A 1997- Haiti (JAMA1997; 277(19))
I Febrile illnesses in 103 (25%) of 406 hospital admissions
I 30 patients demonstrated to have DF



Dengue Viruses
A GenusFlavivirus & Family Flaviviridae
A Four serotypes
I DEN-1,-2,-3, and-4
I Antigenically distinct
A Genetic diversity and phylogenetics
I 3-5 DEN-1 genotypes
I 5-6 DEN-2 genotypes
I 4 DEN-3 genotypes
I 2 DEN-4 genotypes
A Variations in virus virulence
I RNA virus mutations
I Recombination events




Global Distribution of Dengue
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Mosquitaborne Virus (Arbovirus)

Aedes albopictus




Dengue Life Cycle

xtrinsic

7-21 Days

edes mosquito




Petechiae on chest wall in child  Subcutaneous hemorrhage in
with DHF. child with DHF.




Petechiae on soles of feeBhowering ofpetechiadollowing blood
In child with DHF-. pressure cuff inflation in child with DHF.




Gastric Bleeding




Shock Syndrome

A Shock syndrome is the severe form of viral hemorrhagic fever
and results from:

I Intravascular volume depletion from plasma leakage into the third
space and/or blood loss.

| cardiovascular collapse.




Protecting Your Soldiers From Dengue

A There is no vaccine or therapeutic.
A Personal Protective Measures:
U Insect repellent (DEERIcaridin
U Long sleeves and pants.
U Screens on windows.

U Eliminating water sources in and around haakower
pots, beer bottles, used tires.

U Eliminate mosquitoes in the home using insecticide.

U Maximize protection during daytime (feeding time for
Aedes aegypti




Korean War
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Military Significance
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Korean War in
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physicians
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occurrence of a
hemorrhagic
fever in United
Nations forces.



A United Nations forces were under extreme stress from
Intense combat, combat injuries and environmental
conditions. Norbattle injuries included a new type of
hemorrhagic fever.




On 22 December 1951, a symposium was held on epidemic
hemorrhagic fever in the Far East Command convened by BG
Willlam E. ShamboraChief Surgeon, Far East Command.

COL Joseph HMcNinch, Chief, Preventive Medicine Division,
Office of Chief Surgeon, Far East Command, introduced the
symposium and writes,

NToday we have before us for di scus:
Intense interest among both medical and lay personnel in the Far East
Command. During the month of June 1951 there were admitted to the

United States medical installations in Korea several patients with an acute
febrile disease presenting a combination of symptoms and signs not

previously encountered among United Nations personnel in Korea. The
symptoms included malaise, weakness, chills, fever, headache, (especially
retrobulbarache), blurred vision, nausea, and vomiting. These symptoms

were associated with manifestations of hemorrhagic diathesis: petechial rash,
mar ked I njection of the conjunctiva




Epidemic Hemorrhagic Fever, United Nations
Forces in Korea, 195%2.
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A The Korean War resulted in over 3,000 United Nation soldiers
developing hemorrhagic disease with renal failure, shock and death in
10-15% of cases.

A The etiologic agent of this disease in Korea was isolated in 1967 from
the rodenApodemusgrariusand namedHantaarvirus after the
HantaarRiver.




Hemorrhagic Fever with Renal Syndrome (HFRS)

A HFRS is produced by virus@sthe family Bunyaviridae, genus
Hantavirus

A Specific viruses in the gent#antavirusare Hantaan, Puumala, Seoul,
Dobrava Belgrade and Saarema viruses.

A All have a specific geographic location as determined by its rodent
host.

A Hantaan virus occurs in Eastern Asia, Puumala virus in Northern and
Eastern Europe, Seoul virus in Asia and Dobrava Belgrade and
Saarema virus in Central Europe




Clinical Course

A Characterized by an abrupt onset of fever with severe headache,
myalgia and back and abdominal pain.

A Onset of hemorrhage, elevation of liver enzymes and acute renal
failure (oliguric followed by a polyuric phase).

A Renal biopsy revealed acute tubular necrosis with interstitial cell
infiltration and edema.

A Common cause of death is shock, respiratory failure and pulmonary
hemorrhage with a cadatality between 5%1.5%




Summary

A HFRS was a significant military disease during the Korean War.
A Between 510 U.S. soldiers in Korea develop HFRS every year.

A Military scientists contributed to the understanding of the
epidemiology, risk factors, transmission and pathogenesis of this
disease.

A ldentified an active antiviral drug and are developing a vaccine against
these viruses.




Other Viral Hemorrhagic
Fever Viruses




Geographic distribution of Crimean-Congo Haemorrhagic Fever
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Geographic distribution of Ebola haemorrhagic fever outbreaks and fruit bats of Pteropodidae Family
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Geographic distribution of Rift Valley fever outbreaks
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Areas at risk of Yellow Fever transmission

Countrictfareas where there Is 3 risk of
yellow fever wansmisson®

* Ehver yolkow fever Mos Deen repored o the presence of vectors and onmal
reservoirs Grootes o patential nisk of infecticn (considered to Be endomic arecy).
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Yellow Fever epidemiology in America at country level, 1950- 2004 _
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Yellow Fever epidemiology in Africa at country level, 1950- 2004
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lIraq War
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A 22 year old black male SFC, US Army, in otherwise good health,
was deployed In Iraq, north of Baghdad for 6 months.

A No acute illness while in Irag, noted numerous insect bites, was
withoutbednetr DEET for the past 3 months.

A 2 months noted these papules which turned into an ulcer without
healing.

A Denies pain, tenderness or fevers associated with the ulcers.













US Army special forces soldier
Presents to O0TMCo I n Bagr am,
2 week history of expanding ulcer on back of leg

20 July 2005 74




3 Major Clinical Syndromes

Vlsceral Cutaneous
Leishmaniasis Leishmaniasis

Mucosal
Leishmaniasis
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Geographical distribution of visceral
leishmaniasis in the Old and New World




Geographical distribution of cutaneous and
mucocutaneous leishmaniasis in the New World
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http: Amww. who. intemcHiseasesleishieisgeol. html
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Leishmaniasi|s a Military Threat

A WWII - Karumriver valley (Iraq)
I 630 cases of CL in US forces in 3 months
A 1967- Israeli Defense Force near Jericho
| Scores of cases, 50% attack rate
A 1984- Puerto Rican NG at JOTC, Panama
I 14/ 64 (22%) cases of CL
A 1986- 484 cases in Guatemalan Army
I 1-2% of force, morale problem
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Leishmaniasi|s a Military Threat

A 1990- Multinational force in the Sinai
I 113 cases of CL per 1,000 peace keepers
A 1990- Canadian paratroopers in Guyana
I 17 /27 (63%) cases of CL in 6 hours!
A 1992- Colombian Army
I 3,000 cases of CL reported

A 1992- Jungle training in French Guiana
I 6/12 (50%) cases of CL in USMC in 2 weeks

87



Leishmaniasi|s a Military Threat

A 1992- ODS

I 12 cases ofiscerotropideishmaniasigaused by
L. tropica

I 20 cases of CL

A 1980s to present

I Thousands of cases of CL in Iranian and Iraq|
forces during border war

I Approximately 1,000 cases treated in US Soldiers
during the Irag War.

88



CL Epidemic Curve from OIF1

Clin Infect Disease 2004 39:1764
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Summary of OIF1:Sep 20GMay 2004

A Cutaneous Disease
I 1,178 cases confirmed from OIF1
I Virtually all from Iraq,redominanthl.. major
| Estimated 20,000 lost duty days and a cost of >$10
million
A Visceral Disease
I 4 cases (2 Afghanistan, 2 Iraq)

Al case presented 14 months after leaving
Afghanistan

Al Irag case from the Green Zone
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Protecting Soldiers

A Permethrin impregnatdabdnetsand uniforms are of benefit.
A DEET
A Long sleeves and pants tucked into boots.
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War in Afghanistan
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A 27 y/o white male, US Army soldier on his way back
from a forward operating base in Afghanistan.

A On his trip back he developed tingling sensation and
pain in his right hand. He presented to the E.R. and
diagnosed with a tendonitis and given NSAIDs.

A In the next 48 hours he developed fever, headache and
neck stiffness and presented to the E.R. where a
clinical diagnosis was made.

A His history is notable for a dog bite he had in his right
hand in Afghanistan 7 months ago. There was no
documentation that he was given RIG or rabies
vaccine and he had no rabies vaccine prior to his
deployment.



Course of lllness

HD 1: Admitted with hydrophobia and aerophobia.

HD 2: Bx of nape of neck agosfor rabies, CSF and
saliva PCR positive for rabies virus.

HD 3: Cerebral edema from rabies encephalitis, received
EVD and ICP monitor. Started on Milwaukee
Protocol.

HD 4. Respiratory failure, ARDS.

HD 5: Severe bradycardia requiritrgnsvenous
pacemaker placement.

HD 6: Diabetes insipidus.

HD 7: Hypernatremia. Coagulopathy, anticoagulated for
ECMO.

HD 8: Partial herniation from cerebral edema.
HD 12: Intracranial hemorrhage, patient expired.




