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Learning Objectives 

ÅHistorical review of infectious disease related combat 
injuries and deaths will be reviewed. 

ÅWWI and the 1918 Influenza Pandemic. SARS, MERS and 
Wuhan CoV. 

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

ÅMalaria outbreak in US Marines deployed to Monrovia, 
Africa. 

ÅRabies in Afghanistan. 

ÅLeishmaniasis and multi-drug resistant bacteria in US 
Forces during the Iraq War.   

ÅLessons learned for future deployments will be discussed. 

 



National Academy of Sciences 2002 Report on 

ñProtecting our Forcesò 

ÅInfectious agents remain a substantial threat to the operational capacity 

of U.S. military forces for three distinct reasons:  

Å(1) recruits continue to train in groups under crowded conditions, 

increasing the risk of spread of infectious agents; 

Å(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  

Å(3) warfighters, along with others, face an increasing risk of the 

intentional use of weaponized infectious agents. 3 



Historical Significance of Infectious Disease Related 

Combat Injuries 

ÅAlexander 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. 

ÅNapoleon the Great in 1798 halted his Egyptian Campaign when his 

troops were decimated by an outbreak of plague. 

ÅGeorge Washington in 1777 ordered the mass vaccination of 

Congressional Soldiers to stop a smallpox outbreak. 

ÅDuring 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 

ÅAmerican combat deaths in World War I totaled 53,402. But 45,000 

American Soldiers died of influenza and related pneumonia by the end 

of 1918. 

ÅDuring WWII, malaria and dengue were significant causes of soldier 

illness: 80% of soldiers stationed in Australia and 100% of soldiers in 

the Solomon Islands became ill from dengue. 

ÅDuring the Korean War, a new illness was identified, Hantaan Fever 

with Renal Syndrome causing several 1,000 hospitalization and deaths. 

ÅThe Vietnam War resulted in outbreaks of malaria, dengue, typhoid 

fever, and meliodosis.  
5 



History continued 

ÅConflicts in Haiti and Somalia resulted in large outbreaks of 

dengue. 

ÅIraq War resulted in several thousand cases of cutaneous 

leishmaniasis and an outbreak of multi-drug acinetobacter 

infections. 

6 



7 The challenge of emerging and re-emerging infectious diseases. David M. Morens, Gregory 

K. Folkers & Anthony S. Fauci, Nature, 2004;430, 242-49. 
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ñAmong animals too, epidemic diseases 

require dense populations, and theyôre 

mainly confined to social animals that 

provide the necessary large populations. 

Hence when we domesticated social 

animals such as cows and pigs, they 

were already afflicted by epidemic 

diseases just waiting to be transferred to 

usò.  



World War I 

10 



The Forgotten Pandemic: Influenza of 1918 

ÅIn 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. 

ÅCamp Devens was the training 
ground of the 12th Infantry 
Division and consisted of 45,000 
men training in an encampment 
build for 35,000. 
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Teaching Points 

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

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

ÅEpidemics are the consequence of antigenic changes- ñantigenic 
driftò. 

ÅPandemic influenza occurs at unpredictable intervals, result of a 
major antigenic- ñantigenic shiftò, only in influenza A. 

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

ÅTwo 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 
H5N1 infection of humans have occurred, with a mortality of 
60%.  
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Camp Devens 1918 
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Spread of Influenza in the United States: 1918 

Before Sept. 14 

Sept. 14 to Sept. 21 

Sept. 21 to Sept. 28 

Sept. 28 to Oct. 5 

After Oct. 5 

Reported Cases 



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 
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Summary 

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

ÅConstant evolution of influenza virus through antigenic 

shift, drift, reassortment and adaptation through a cycle of 

birds, swine and humans. 

ÅFuture pandemics of influenza A is a certainty. 

ÅTroop overcrowding, poor sanitation, and stress of war 

contributed to the large outbreak. 



Protecting Soldiers 

ÅMinimize overcrowding. 

ÅInfluenza vaccine. 

ÅPrompt reporting and isolation from troop barracks. 

20 



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

ÅIn late 2002, several hundred of cases of a severe atypical 

pneumonia were reported in Guangdong Province in the 

Peopleôs Republic of China. 

ÅBy March 2003, outbreaks of a similar disease were reported 

in Hong Kong, Vietnam and Canada.   

ÅIn March 2003, the WHO issued a global alert for the illness, 

called ñsevere acute respiratory syndrome (SARS). 

ÅBy April 2003, over 4300 cases were reported with 250 

deaths in over 25 countries of the world. 



History continued. 

ÅBy March 2003, laboratories in the U.S., Canada, Germany, 

and Hong Kong isolated a coronavirus from the respiratory 

secretions of affected patients, designated SARS-CoV in Vero 

cells. 

 



Unique Features of the Outbreak 

ÅFirst reported outbreak of a human coronavirus 

producing a pneumonia with a high morbidity and 

mortality. 

ÅRapid spread of the virus in the human population.  

ÅLarge 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; 348:1953-1966. 



Structure of Coronavirus Virion 

Holmes, K.V.  SARS-Associated Coronavirus. NEJM 2003; 

348:1948-49 

Spike glycoprotein 

Hemagglutinin-acetylesterase 

glycoprotein 

Membrane glycoprotein 

Nucleocapsid 

phosphoprotein 

Small envelope glycoprotein 

RNA 



Epidemiology of Epidemic 





Poutanen SM, Low DE, Henry B et al. Identification of severe acute respiratory syndrome in Canada. 

NEJM 2003; 348: 1995-2005.  

Course of Disease in One Patient 





SARS Conclusion 

ÅSARS is an example of a disease that is emerging. 

ÅA unique virus that jumped from animal to man. 

ÅA clinical picture that was consistent with other known 

viruses such as influenza. 

ÅRapid spread due to current mobile global society with air 

transportation. 

ÅProduced tremendous economic loss and social disruption. 



Middle Eastern Respiratory Syndrome (MERS Cov) 
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Wuhan CoV (As of 2/4/2020) 
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World War II 
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World War II 
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Dengue Key Facts 

ÅMosquito-borne viral infection (Aedes aegypti), tropical and 

sub-tropical regions, urban areas at high risk. 

ÅGlobal health problem half of the world's population is now 

at risk-390 million dengue infections per year, 96 million 

symptomatic. 

ÅDengue fever is a flu-like illness on 2nd infection can lead to 

severe dengue. 

ÅThere is no specific treatment for dengue/ severe dengue, but 

early detection and access to proper medical care lowers 

fatality rates below 1%. 

ÅVaccines are in clinical trials. 



US Dengue Epidemics 

Å1780 ï 

ïEpidemic in Philadelphia described by Dr. B. Rush 

ïAugust-September febrile exanthem 

ïConfined to persons residing along the Delaware River 

ïThe term ñBreak Bone Feverò becomes popular 

Å1800ôs ï  

ïNumerous US Coastal cities suffer epidemics 

Å1995 -  

ïTexas has 29 cases, 7 locally acquired 

Å2001 ï  

ïHawaiian Islands report 119 cases of DF 

ÅMajority of cases are imported or in returning travelers 



American Soldiers- Philippine Islands,  

1902-1928 

Å Average loss to the  

Army of 7,715 days 

per year 

Dengue 

All Diseases 



Incidence of dengue 

in the US Army 

during WWII in 

different theaters of 

operations  
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ÅDengue appears after 15 June island assault 

ÅBy 11 August Aedes species are numerous (rainy season) 

ÅCombat operations created numerous breeding habitats 
 

 

 

 

 

 

 

 

 

Daily Reported Cases During the Saipan Dengue Epidemic 

September ï October, 1944 



Recent US Military Experience with Dengue 

Å1966 - Long Binh, Viet Nam (Annals 1967; 66 (6): 1129-
1143) 

ï110 Cases of FUO at 93rd Evacuation Hospital 

ïDengue responsible for 31 (28%) 

Å1992 - Somalia  (AJTMH 1995; 53(1):89-94) 

ï289 febrile troops hospitalized 

ï129 (45%) without an identified cause 

ïDengue virus was recovered from 41 (43%) of 96 

ï18 (49%) of 37 culture-negative cases, + IgM ab 

Å1997 - Haiti (JAMA 1997; 277(19)) 

ïFebrile illnesses in 103 (25%) of 406 hospital admissions 

ï30 patients demonstrated to have DF 



Dengue Viruses 
ÅGenus Flavivirus & Family Flaviviridae  

ÅFour serotypes  

ïDEN-1, -2, -3, and -4 

ïAntigenically distinct 

ÅGenetic diversity and phylogenetics 

ï3-5 DEN-1 genotypes 

ï5-6 DEN-2 genotypes 

ï4 DEN-3 genotypes 

ï2 DEN-4 genotypes  

ÅVariations in virus virulence 

ïRNA virus mutations 

ïRecombination events 



Global Distribution of Dengue 

Guzman and Harris Lancet, Vol 385 January 31, 2015  



Mosquito-borne Virus (Arbovirus) 



Dengue Life Cycle 

4-7 Days 

7-21 Days 

Intrinsic 

Extrinsic 



Petechiae on chest wall in child 

with DHF. 

Subcutaneous hemorrhage in 

child with DHF. 



Petechiae on soles of feet 

in child with DHF. 

Showering of petechiae following blood  

pressure cuff inflation in child with DHF. 



Melena 
Gastric Bleeding 



Shock Syndrome 

ÅShock syndrome is the severe form of viral hemorrhagic fever 

and results from: 

ïintravascular volume depletion from plasma leakage into the third 

space and/or blood loss. 

ïcardiovascular collapse. 



Protecting Your Soldiers From Dengue 

ÅThere is no vaccine or therapeutic. 

ÅPersonal Protective Measures: 

üInsect repellent (DEET, Picaridin 

üLong sleeves and pants. 

üScreens on windows. 

üEliminating water sources in and around home ie flower 

pots, beer bottles, used tires. 

üEliminate mosquitoes in the home using insecticide. 

üMaximize protection during daytime (feeding time for 

Aedes aegypti). 



Korean War 
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Military Significance 

 During the 

Korean War in 

1951, military 

physicians 

observed the 

occurrence of a 

hemorrhagic 

fever in United 

Nations forces. 



ÅUnited Nations forces were under extreme stress from 

intense combat, combat injuries and environmental 

conditions. Non-battle 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 

William E. Shambora, Chief Surgeon, Far East Command.   

 
COL Joseph H. McNinch, Chief, Preventive Medicine Division, 

Office of Chief Surgeon, Far East Command, introduced the 
symposium and writes,  

    ñToday we have before us for discussion a disease entity which has created 
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 
retrobulbar ache), blurred vision, nausea, and vomiting.  These symptoms 
were associated with manifestations of hemorrhagic diathesis: petechial rash, 
marked injection of the conjunctiva, hematuria, and hematemesis.ò 

 

 



Epidemic Hemorrhagic Fever, United Nations 

Forces in Korea, 1951-52. 



ÅThe Korean War resulted in over 3,000 United Nation soldiers 

developing hemorrhagic disease with renal failure, shock and death in 

10-15% of cases.  

ÅThe etiologic agent of this disease in Korea was isolated in 1967 from 

the rodent Apodemus agrarius and named Hantaan virus after the 

Hantaan River.  



Hemorrhagic Fever with Renal Syndrome (HFRS) 

ÅHFRS is produced by viruses in the family Bunyaviridae, genus 
Hantavirus.  

ÅSpecific viruses in the genus Hantavirus are Hantaan, Puumala, Seoul, 
Dobrava Belgrade and Saarema viruses.   

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

ÅHantaan 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 

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

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

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

ÅCommon cause of death is shock, respiratory failure and pulmonary 
hemorrhage with a case-fatality between 5%-15% 



Summary 

ÅHFRS was a significant military disease during the Korean War. 

ÅBetween 5-10 U.S. soldiers in Korea develop HFRS every year. 

ÅMilitary scientists contributed to the understanding of the 

epidemiology, risk factors, transmission and pathogenesis of this 

disease. 

ÅIdentified an active antiviral drug and are developing a vaccine against 

these viruses. 
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Other Viral Hemorrhagic 

Fever Viruses  
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Iraq War 
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Å22 year old black male SFC, US Army, in otherwise good health, 

was deployed in Iraq, north of Baghdad for 6 months. 

ÅNo acute illness while in Iraq, noted numerous insect bites, was 

without bednets or DEET for the past 3 months. 

Å2 months noted these papules which turned into an ulcer without 

healing. 

ÅDenies pain, tenderness or fevers associated with the ulcers. 
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20 July 2005 74 

US Army special forces soldier 

Presents to óTMCò in Bagram, Afghanistan Feb 02  

2 week history of expanding ulcer on back of leg 
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3 Major Clinical Syndromes 

Visceral  
Leishmaniasis 

Cutaneous  
Leishmaniasis 

Mucosal  
Leishmaniasis 
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Geographical distribution of visceral 

leishmaniasis in the Old and New World  
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Geographical distribution of cutaneous and 

mucocutaneous leishmaniasis in the New World  
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http://www.who.int/emc/diseases/leish/leisgeo1.html  
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Leishmaniasis as a Military Threat 

ÅWWII - Karum river valley (Iraq) 

ï630 cases of CL in US forces in 3 months 

Å1967 - Israeli Defense Force near Jericho 

ïScores of cases, 50% attack rate 

Å1984 - Puerto Rican NG at JOTC, Panama 

ï14 / 64 (22%) cases of CL  

Å1986 - 484 cases in Guatemalan Army 

ï1-2% of force, morale problem 
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Leishmaniasis as a Military Threat 

Å1990 - Multinational force in the Sinai 

ï113 cases of CL per 1,000 peace keepers 

Å1990 - Canadian paratroopers in Guyana 

ï17 / 27 (63%) cases of CL in 6 hours! 

Å1992 - Colombian Army 

ï3,000 cases of CL reported 

Å1992 - Jungle training in French Guiana 

ï6 / 12 (50%) cases of CL in USMC in 2 weeks 
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Leishmaniasis as a Military Threat 

Å1992 - ODS 

ï12 cases of viscerotropic leishmaniasis caused by 
L. tropica 

ï20 cases of CL 

Å1980s to present 

ïThousands of cases of CL in Iranian and Iraqi 
forces during border war 

ïApproximately 1,000 cases treated in US Soldiers 
during the Iraq War. 
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CL Epidemic Curve from OIF1 

Clin Infect Disease 2004 39;1764  
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Summary of OIF1:Sep 2003 - May 2004 

ÅCutaneous Disease 

ï1,178 cases confirmed from OIF1 

ïVirtually all from Iraq, redominantly L. major 

ïEstimated 20,000 lost duty days and a cost of >$10 
million 

ÅVisceral Disease 

ï4 cases (2 Afghanistan, 2 Iraq) 

Å1 case presented 14 months after leaving 
Afghanistan 

Å1 Iraq case from the Green Zone 



Protecting Soldiers 

ÅPermethrin impregnated bednets and uniforms are of benefit. 

ÅDEET  

ÅLong sleeves and pants tucked into boots. 

91 



War in Afghanistan 
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Å27 y/o white male, US Army soldier on his way back 

from a forward operating base in Afghanistan.   

ÅOn 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. 

ÅIn the next 48 hours he developed fever, headache and 

neck stiffness and presented to the E.R. where a 

clinical diagnosis was made. 

ÅHis 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.  



94 

Course of Illness 

HD 1: Admitted with hydrophobia and aerophobia. 

HD 2: Bx of nape of neck ag pos for 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 requiring transvenous 
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.  

 


