
ABSTRACT

BACKGROUND AND PURPOSE: Medical examiners frequently establish
jurisdiction over deaths where the cause appears to be a natural disease
process or unknown, and might be related to infectious or toxic agents.
However, these cases might not uniformly receive autopsies.  We created a
model pathology-based syndromic surveillance system designed to recognize
bioterrorism mortality and fatal infections of public health importance in the
centralized medical examiner office for New Mexico.
METHODS: A set of antemortem symptoms and pathologic syndromes were
used to identify cases and pathologic syndromes were used as criteria to
electronically report cases to the New Mexico Department of Health (DOH).
The clinical symptoms (e.g., fever, cough) were linked in a matrix to potential
autopsy-based pathologic syndromes (e.g., community-acquired pneumonia,
diffuse alveolar damage). A given pathologic syndrome might have a variety of etiologic
agents including potential bioterrorism agents (e.g., Y. pestis) or organisms of public health
importance (eg, influenza virus). We evaluated all infectious disease and toxin related deaths
to identify the specific causative agent.
RESULTS: In the first year of surveillance, 150 (5%) of 3196 jurisdictional cases met case
entry criteria. Of these, 100 (67%) had a surveillance pathologic syndrome discovered at
autopsy and were reported to the DOH. Of the cases entered, 24 (16%) ordinarily would not
have received an autopsy prior to the development of entry criteria. Ultimately, of the 150
deaths, 95 (63%) were caused by infections, 14 (9%) were toxin-related, 31 (21%) were due
to an identifiable cause that was non-infection and non-toxin related and 10 (7%) were
undetermined.  Organism-specific diagnoses were evolved for 72 (76%) of the infectious
disease deaths.  These deaths included 34 cases that met the standard for notifiable conditions
in New Mexico including 18 cases of invasive pneumococcal disease, 1 case of tuberculosis, 1
case of botulism, and 4 cases of H. influenzae pneumonia including 2 deaths in infants (a
vaccine preventable disease). Predictive values for discovering an infectious disease at autopsy
were 72% for flu-like symptoms, 75% for fever combined with respiratory symptoms, 50% for
new-onset encephalopathy or seizures and 21% for unexpected death. Medical examiners
reported 51% of cases to the DOH within 1 week from the day of death.
CONCLUSIONS: In a medical examiner setting, antemortem symptoms are predictive of
infectious diseases and can be useful in generating surveillance criteria.  Our uniform criteria
for performing medical examiner autopsies and reporting cases to public health authorities
provide timely surveillance for infections of public health importance and increase the
likelihood of recognizing bioterrorism-related deaths.  Because bioterrorism-related fatalities
are rare, surveillance systems for bioterrorism mortality that also recognize more common
infections of public health significance serve the public good, and can be tested, modified and
utilized daily.

INTRODUCTION

� Acts of bioterrorism have the potential for causing fatalities such as those that occurred
in 2001 as a result of mail contaminated with anthrax spores.1-6

� Medical examiners and coroners (ME/Cs) have state statutory authority to investigate
deaths that are suspicious, violent, sudden or unexplained including those due to
homicide, and inapparent causes such as toxins and infectious agents.7

� ME/Cs play a role in both the response to a known terrorist attack and in surveillance
for unusual deaths or clusters of deaths that might represent an undetected attack.8

� Deaths from terrorism are homicides and fall under the jurisdiction of ME/Cs.
� ME/Cs play a critical role in the detection of bioterrorism since they might 

recognize unusual deaths before other health care providers.  
■ Individuals with fatal infections or poisoning often die at home.9,10 

■ Patients at a health-care facility can die unexpectedly or precipitously, 
without a clear diagnosis, and come under ME/C jurisdiction.  

■ For example, a cluster of patients with a rapidly fatal respiratory disease 
later identified as hantavirus pulmonary syndrome, an infectious 
syndrome that can mimic bioterrorism-related illnesses was initially 
recognized by a medical examiner in 1993.11

� Autopsies are an effective way to accurately identify the agent-specific cause of deaths
from infections and toxic exposures.  

� Autopsy pathologists recognized the inhalational anthrax cases that resulted 
from an accidental discharge at a former Soviet bioweapons laboratory.12,13

� In 2001, medical examiners (MEs) confirmed inhalational anthrax as the cause 
of death in fatalities resulting from letters contaminated with anthrax spores.3-6

� MEs identified the cause of death of persons who ingested acetaminophen that
had been intentionally adulterated with cyanide in 1982.14

� Surveillance systems designed to recognize emerging infections and infections of public
health importance should be capable of recognizing illness due to bioterrorism.  

� We developed a model medical examiner surveillance system to recognize fatalities
due to bioterrorism and infections of public health importance.

METHODS

NEW MEXICO OFFICE OF THE MEDICAL INVESTIGATOR (OMI)
� Statewide, centralized ME agency for NM based at the University of NM School of

Medicine.  
� Investigates all deaths that occur in NM that are sudden, unexplained, suspicious or

violent except for those that occur in certain federal domains (i.e., Indian reservations
and military bases). However, OMI frequently invited to investigate these deaths too. 

� Has ~135 part-time lay Field Deputy Medical Investigators (FDMIs) located throughout
NM who respond to death reports, investigate the circumstances, and when necessary
establish jurisdiction and take custody of the body.  

� FDMIs coordinate/consult with 11 Central Office Deputy Medical Investigators and an
on-call forensic pathologist to determine which cases are brought to Albuquerque for
autopsy.  Six board-certified forensic pathologists perform or supervise all autopsies.

SURVEILLANCE

� Surveillance was initiated for a study period of one-year beginning 11/23/00. 
� We developed an array of clinical symptoms (e.g., fever, cough) tied to potential

autopsy-based pathologic syndromes (e.g., community-acquired pneumonia, diffuse
alveolar damage)(FIG. 1). 

� The pathologic syndromes were linked in a matrix to potential bioterrorism agents 15 and
to infectious agents of public health importance (FIG.2). A variety of etiologic agents
including potential bioterrorism agents or organisms of public health importance might
cause a given pathologic syndrome.

� Antemortem symptoms and pathologic syndromes were used for case identification. 
� Cases meeting pathologic syndrome criteria were reported by e-mail page to on-call

epidemiologist and e-mail message to the NM Department of Health (DOH).  

• Cases were evaluated for agent-specific diagnoses using the NM public health lab for
routine microbiologic and toxicologic tests and CDC for molecular diagnostic tests. 

• A flow chart of how the cases were evaluated is outlined in FIG. 3. Images of the
electronic database are captured as FIGS. 4 A &B. 

RESULTS

MED-X SURVEILLANCE DATA – 1 YEAR

� 150 (4.7%) of 3196 total cases investigated met entry criteria including:
� 4.3% OMI jurisdiction cases (2910)
� 11.7% UNM hospital consent autopsies (77)
� 8.0% VA hospital consent autopsies (25)
� 6.0% Navajo Nation consultation autopsies (184)

� 100 (67%) had pathologic syndrome at autopsy
DISEASE CATEGORIES

� Infectious disease 95 (63%)
� Toxin-related 14 (9%)
� Other 31 (21%)
� Undetermined 10 (7%)
INFECTIOUS DISEASE DEATHS

� An organism-specific diagnosis was made in 72 (76%) of infectious disease deaths
� Of infectious disease deaths where an organism was identified, 34 (47%) were 

“notifiable” organisms by NM standards including:

ORGANISM # OF CASES

S. pneumoniae 18
H. influenzae 4
Group A Streptococcus 7
M. tuberculosis 1
Botulism 1
AIDS 1
S. enteriditis 1
Hepatitis C virus 1

ADDITIONAL AUTOPSIES ADDED TO OMI WORKLOAD

� 24 (16%) cases wouldn’t have received an autopsy prior to institution of 
uniform criteria

� 1% total increase in autopsy workload
� Pathologic syndromes for these cases: PN/DAD-11, None-8
� 16 (67%) of additional cases had an infectious disease
� 4 (25%) of the additional infectious disease autopsies had a “notifiable” organism

including: S. pneumoniae (3), S. enteritidis (1)

CONCLUSIONS

� Flu-like symptoms and fever & respiratory symptoms highly predictive of infections
� Sudden unexpected death less likely to represent an infection
� Organism-specific diagnoses are possible in the majority of infectious disease deaths
� Uniform autopsy & reporting criteria increase recognition of public health conditions & 

likelihood of recognizing bioterrorism deaths
� Timely reporting is possible
� Combined surveillance systems serve the public good & can be tested, modified, utilized 

daily
REQUIREMENTS TO IMPLEMENT MED-X
� Uniform ME/C jurisdiction within a defined area
� Uniform investigation of jurisdictional deaths
� ME/C access to diagnostic laboratory 
� Electronic data management system
� Linkage to a health department sharing the same jurisdiction
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Average: 32 days
Range:  0-384 days

Symptoms Potential Pathologic Syndrome
Fever and respiratory symptoms (cough
or shortness of breath or chest pain or
hemoptysis)

Pneumonia and diffuse alveolar damage
(ARDS), hemorrhagic mediastinitis

Encephalopathy (acute mental status
change with or without other neurologic
symptoms) or new-onset seizures

meningitis, encephalitis, toxins

Descending paralysis, polyneuropathy botulinum toxin, nerve agents,
organophosphates

New fatal rash Diffuse rash, sepsis syndromes & DIC,
New jaundice Hepatitis and hepatic necrosis
Flu-like symptoms (fever o r chills o r
myalgias)

Pneumonia and diffuse alveolar damage,
sepsis syndromes,
encephalitis/meningitis, myocarditis

Acute bloody diarrhea without melena Hemorrhagic colitis
Unexplained death *

  *Unexplained death of an individual less than 50 years of age where the circumstances, ⇤
past medical history and scene investigation provide inadequate diagnostic insight to establish ⇤
the cause of death. 

Pathologic Syndrome Seen atPathologic Syndrome Seen at
AutopsyAutopsy

Corresponding Potential BT illnessCorresponding Potential BT illness Some Other Conditions Likely To Be Detected-Some Other Conditions Likely To Be Detected-
of Public Health Benefitof Public Health Benefit

Community-acquired pneumonia,Community-acquired pneumonia,
Diffuse alveolar damage (ARDS)Diffuse alveolar damage (ARDS)

Plague, tularemia, Q fever, inhaledPlague, tularemia, Q fever, inhaled
staphylococcal enterotoxin B, staphylococcal enterotoxin B, ricin,ricin,
phosgene, chlorine and other gasesphosgene, chlorine and other gases

influenza, HPS, pneumococcal and otherinfluenza, HPS, pneumococcal and other
bacterial  and viral pneumoniasbacterial  and viral pneumonias

Diffuse rashDiffuse rash Smallpox, viral hemorrhagic fevers,Smallpox, viral hemorrhagic fevers,
T-2 mycotoxinsT-2 mycotoxins

Varicella, measles, rickettsial, enterovirus,Varicella, measles, rickettsial, enterovirus,
meningococcal infections, dengue, staph TSSmeningococcal infections, dengue, staph TSS

Sepsis syndromes ie DisseminatedSepsis syndromes ie Disseminated
Intravascular Coagulopathy (DIC)Intravascular Coagulopathy (DIC)

Plague, tularemia, anthrax, viralPlague, tularemia, anthrax, viral
hemorrhagic fevers, T-2 mycotoxinshemorrhagic fevers, T-2 mycotoxins

Meningococcal, pneumococcal, and Group AMeningococcal, pneumococcal, and Group A
streptococcal disease, leptospirosis, yellowstreptococcal disease, leptospirosis, yellow
fever, rickettsial infectionsfever, rickettsial infections

Hemorrhagic mediastinitis orHemorrhagic mediastinitis or
meningitismeningitis

AnthraxAnthrax Possibly pulmonary leptospirosis and herpesPossibly pulmonary leptospirosis and herpes
simplex encephalitissimplex encephalitis

Hepatitis, fulminant hepaticHepatitis, fulminant hepatic
necrosisnecrosis

Brucellosis, viral hemorrhagic feversBrucellosis, viral hemorrhagic fevers Viral hepatitis, dengue, leptospirosis, yellowViral hepatitis, dengue, leptospirosis, yellow
fever, ECHO virus hepatotoxinsfever, ECHO virus hepatotoxins

Encephalitis, meningitisEncephalitis, meningitis VEE and other equineVEE and other equine
encephalomyelitis agentsencephalomyelitis agents

Other viral, bacterial, fungal encephalitidesOther viral, bacterial, fungal encephalitides
and meningitidesand meningitides

Pharyngitis, epiglottitis and otherPharyngitis, epiglottitis and other
upper airway infectionsupper airway infections

Viral hemorrhagic fever (Lassa)Viral hemorrhagic fever (Lassa) H. influenza, Diphtheria infectionsH. influenza, Diphtheria infections

MyocarditisMyocarditis No BT illnessNo BT illness Enteroviruses, influenza, adenovirus andEnteroviruses, influenza, adenovirus and
othersothers

Bronchitis, BronchiolitisBronchitis, Bronchiolitis No BT illnessNo BT illness Influenza, RSV infectionInfluenza, RSV infection
Soft tissue infections-cellulitis,Soft tissue infections-cellulitis,
necrotizing fasciitisnecrotizing fasciitis

AnthraxAnthrax Group A StreptococcusGroup A Streptococcus

Hemorrhagic colitisHemorrhagic colitis E. coli and E. coli and Shigella colitis, AnthraxShigella colitis, Anthrax E. coli and E. coli and Shigella colitisShigella colitis

Med-X Case Evaluation Flow Chart

Investigator
notified

Autopsy Lab-specific Dx

DOH
notified

Symptoms Syndrome
Potential
BT case

No symptoms No syndrome Not potential
BT case

No autopsy

CLINICAL SYMPTOMS USED TO ACCEPT CASE FOR
OMI AUTOPSY LINKED TO POTENTIAL PATHOLOGIC SYNDROMES

REPORTABLE PATHOLOGY-BASED SURVEILLANCE SYNDROMES AND CORRESPONDING
BIOTERRORISM AND PUBLIC HEALTH CONDITIONS

Predictive Value of Med-X Symptoms

1 (8%)

8 (29%)

1 (2%)

1 (1%)

Undetermined

3 (25%)2 (17%)6 (50%)12Encephalopathy
or Seizures

8 (29%)6 (21%)6 (21%)28Unexpected
Death

9 (19%)2 (4%)36 (75%)48Fever &
Respiratory

16 (24%)2 (4%)49 (72%)68Flu-like
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OtherToxinInfectious
Disease

Number

FIG 3

“MED-X”- A MODEL MEDICAL EXAMINER SURVEILLANCE
PROGRAM FOR BIOTERRORISM MORTALITY*
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PREDICTIVE VALUES OF SYMPTOMS AND

TIMELINESS DATA ARE PRESENTED IN FIGURES 5-8

TIMELINESS: PROBLEMS

� Confusion over data entry
� Missed cases entered retrospectively
� Delay for histology preparation & review
� Tardiness
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