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With the persistent threat of emerging infectious diseases and bioterrorism, it has become increasingly important that

clinicians be able to identify the diseases that might signal the occurrence of these unusual events. Essential to a thoughtful

diagnostic approach is understanding when to initiate a public health investigation and how to appropriately use commonly

performed microbiology procedures in the sentinel laboratory to evaluate potential pathogens. Although diagnostic test

development is evolving rapidly, recognizing many of these pathogens continues to challenge the capabilities of most

sentinel laboratories. Therefore, effective, ongoing communication and education among clinicians, infection control

personnel, sentinel laboratorians, public health authorities, and Laboratory Response Network reference laboratorians is

the key to preparedness.

The emergence of West Nile fever virus (1999) and the delib-

erate release of anthrax (2001) in the United States were first

identified by astute clinicians and laboratorians rather than by

the public health surveillance systems [1, 2]. With the ongoing

threat of both natural and intentional outbreaks, infectious

disease specialists and primary care providers need to under-

stand how to enhance the likelihood of diagnosing and con-

firming the etiology of these unusual events. The local clinical

microbiology laboratory, designated as a sentinel laboratory

within the Laboratory Response Network (LRN), plays an im-

portant role in facilitating the evaluation of potential bioter-

rorism and emerging infectious disease events [3–6]. Although

testing capabilities and technology continue to rapidly expand,

detection of many emerging and reemerging pathogens remains

difficult for sentinel laboratories. This article is intended to

help clinicians develop a thoughtful approach and communi-

cate with the sentinel laboratory.

Received 20 October 2005; accepted 11 January 2006; electronically published 31 March
2006.

Reprints or correspondence: Dr. Christopher W. Woods, Chief, Infectious Diseases, Section
113, Durham VA Medical Center, Durham, NC 27705 (woods004@mc.duke.edu).

Clinical Infectious Diseases 2006; 42:1311–24
� 2006 by the Infectious Diseases Society of America. All rights reserved.
1058-4838/2006/4209-0015$15.00

COMMUNICATION AND THE LRN

Effective communication is the key to preparedness. Several of

the potential bioterrorism agents require special media and

growth conditions, higher biocontainment levels, and advanced

molecular techniques. Many of these microorganisms also are

easily overgrown by commensal flora and can be misidentified

by commercial biochemical identification systems [4, 7–10]. To

confirm the diagnosis in the most expeditious and appropriate

manner, it is important to encourage ongoing dialogue between

clinicians, sentinel laboratories, and LRN reference laboratories.

When possible, it is imperative for clinicians to convey which

specific pathogens are suspected and to verify periodically that

certain microbiologic orders are being processed. Failure to

communicate may lead to delayed detection, greater casualties

(patient and laboratory), and hysteria.

Communication begins by having a preconceived outbreak

preparedness plan, including a checklist of emergency contacts

(e.g., infection control officer, laboratory director, hospital ad-

ministrator, state public health epidemiologist, and laborato-

rian). In the United States, if a sentinel laboratory cannot rule

out an agent of suspected bioterrorism or emerging infectious

disease, then it must be referred to an LRN reference laboratory.

Specimens with relatively low suspicion of being a bioterrorist

agent or an unusual pathogen can be referred through routine

channels. For highly suspected cases, state public health au-
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Table 1. Specimen collection guidelines listed by bacteria, toxins, and viruses.

Disease (agent),
by type of infection

Specimen selection,
by type or stage of disease

Time and temperature Specimen plating and processing

Transport Storage Media Stain Other

Anthrax (Bacillus anthracis)

Cutaneous Vesicular stage: collect fluid from intact vesicles onto sterile
swab(s); the organism is best demonstrated in this stage

�2 h at room temperature �24 h at 4�C CHOC, SBA, MACa Gram India ink in primary specimens to
observe capsule

Eschar stage: without removing eschar, insert swab beneath
the edge and rotate for 2–3 s; consider punch biopsy for
immunohistochemistry

�2 h at room temperature �24 h at 4�C CHOC, SBA, MACa Gram Prepare samples for DFA refer-
ral, immunohistochemistry,
and real-time PCR

Inhalational Sputum �2 h at room temperature �24 h at 4�C CHOC, SBA, MACa Gram Recovery minimal

Blood: collect per local institutional protocol for routine blood
culture

�2 h at room temperature …b Blood culture bottles … Turns positive in late stages of
disease

Gastrointestinal Stool: specimen size, 15 g; rectal swab specimens can be col-
lected for patients unable to pass a stool

�1 h at room temperature �24 h at 4�C Routine stool culture me-
dia plus CNA or PEA

… Recovery minimal

Blood: routine blood culture, per institutional protocol �2 h at room temperature …b Blood culture bottles … Turns positive in late stages of
disease

Plague (Yersinia pestis)

Bubonic Lymph node: obtain aspirate or biopsy under aseptic conditions �2 h at room temperature �24 h at 4�C CHOC, SBA, MAC Gram Prepare samples for DFA referral
and real-time PCR; incubate
cultures at 22�–28�C and at
35�C

Blood: routine culture plus additional blood culture broth incu-
bated at 22�–28�C

�2 h at room temperature …b Blood culture bottles … …

Pneumonic Respiratory: obtain expectorated sputum, throat swab, and/or
pleural fluid using droplet precautions; collect bronchial wash
in an area dedicated to specimen collection under respira-
tory isolation

�2 h at room temperature �24 h at 4�C CHOC, SBA, MAC Gram …

Blood: routine culture plus additional blood culture broth incu-
bated at 22�–28�C

�2 h at room temperature …b Blood culture bottles … …

Tularemia (Francisella tularensis)

Ulceroglandular Cutaneous: ulcer scrapings, tissue, and/or lymph node aspirate �2 h at room temperature �24 h at 4�C CHOC, SBA,a MACa Gram Add BCYE plate and prepare
samples for DFA referral, im-
munohistochemistry, and real-
time PCR

Pneumonic Respiratory: sputum, throat swab, or pleural fluid; collect bron-
chial wash in an area dedicated to specimen collection un-
der respiratory isolation

�2 h at room temperature �24 h at 4�C CHOC, SBA,a MACa Gram …

Blood: routine blood culture �2 h at room temperature …b Blood culture bottles … …

Brucellosis (Brucella species)

Acute, subacute, or chronic Serum: 10 cc of acute-phase serum (20 cc of whole blood) ob-
tained as soon as possible, followed by a convalescent-
phase specimen obtained 21 days later

�2 h at room temperature �20�C … … Serologic diagnosis: (1) �4-fold
rise in IgG level, (2) single titer
�1:160 (3) positive IgM

Blood: routine blood culture �2 h at room temperature …b Blood culture bottles; per-
form terminal subcul-
ture onto CHOC and
BAP after 5 days of
incubation

… …
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Bone marrow, spleen, liver, abscess, or joint fluid aspirate �15 min at room
temperature

�24 h at room
temperature

CHOC, SBA,a MACa Gram Inoculate blood culture bottles or
enrichment broth, as well as
BAP

Botulism (Clostridium
botulinum)

Foodborne or infant Enema fluid: collect 20 cc using a minimum amount of sterile,
nonbacteriostatic water

4�C Contact LRN for
direct specimen

referral

Do not attempt to culture
in the sentinel
laboratory

… Constipation almost always
occurs

Food: sample size, 10–50 g; include the original food container … … … … …

Gastric fluid: 20 cc of gastric aspirate or vomitus … … … … …

Stool: specimen size, 10–50 g (although botulism has been
confirmed in infants with only pea-sized stool)

… … … … …

Intestinal: biopsy or autopsy tissue obtained from various ar-
eas of the small or large intestine

… … … … …

Serum: a minimum of 10 cc (20 cc of whole blood) is required
for the mouse toxicity assay

… … … … Collect as soon as possible and
before antitoxin is given

Wound Wound: collect swab or tissue specimens using an anaerobic
transport system

… … … … …

Enema fluid, stool, intestinal tissue, and serum … … … … Gastrointestinal specimens
should be submitted in every
case, because the wound may
not be the source

Intentional release Enema fluid, food sample, gastric secretions, stool, intestinal
sample, and serum

… … … … …

Nasal and/or environmental swab specimen: for aerosolized
exposure, perform nasal swab culture for C. botulinum and
serum culture for toxin testing

Room temperature … … … Anaerobic swab specimens or
transport systems are required

Staphylococcal enterotoxin B

Inhalational Serum: 5 cc of acute- and convalescent-phase samples col-
lected 7–14 days apart; this is the preferred specimen for in-
halational exposure

∼2 h at room temperature 4�C Submit directly to a refer-
ence LRN laboratory

… Suspected Staphylococcus au-
reus isolates may also be
submitted

Respiratory: induced sputum … … … … …

Stool: 10–50 g … … … … …

Nasal swab: collect specimen onto a Dacron or Rayon swab
within 12–24 h of exposure

… … … … Swab specimens obtained 24 h
after exposure may not con-
tain detectable toxin levels

Postmortem: 10-g specimen obtained from various levels of
small and large intestine

… … … … …

Foodborne Food: sample size, 10–50 g; include the original food container … … … … …

Serum, urine, stool, and postmortem tissue … … … … …

Smallpox

Acute generalized vesicular
or pustular rash illness

Vesicular fluid: collect fluid samples in separate containers and
include the blister roof and scrapings from the base of the
lesion

∼6 h at 4�C �20�C or less,
except for elec-
tron microscopy

specimens,
which should
not be frozen

Do not attempt to culture
in the sentinel
laboratory

… Prepare slides for herpesvirus
DFA as well as negative-stain-
ing electron microscopy; avoid
using viral transport medium,
because it will dilute the
specimen

Scabs: 2–4 tissue portions collected in separate containers ∼6 h at 4�C … … … …



Biopsy: 2–4 tissue portions collected in separate containers;
smallpox specimen collection requires contact and airborne
respiratory isolation

∼6 h at 4�C … … … …

Viral hemorrhagic fever Serum: 10 cc (20 cc of whole blood) of acute- and convales-
cent-phase samples collected 10–14 days apart

∼2 h at room temperature �4�C Do not attempt to culture
in the sentinel
laboratory

… Early specimen collection en-
hances the likelihood of viral
isolation; however, contact
public health officials

Heparinized plasma: for antigen-capture ELISA and viral culture … … … … …

Whole blood: include an EDTA tube for RT-PCR … … … … …

Throat swab and/or wash: mix with an equal volume of viral
transport medium

… … … … …

Urine: collect 5 cc of urine and mix with an equal volume of
viral transport medium

… … … … …

Tissue: include skin, liver, lymph node, spleen, and kidney tis-
sue, if available

… … … … …

Severe acute respiratory
syndrome

Respiratory: collect expectorated sputum, nasopharyngeal
washing/swab, oropharyngeal swab, or bronchial washing
using eye protection; use contact and airborne respiratory
precautions

∼2 h at room temperature 4�C Viral culture should be
performed in BSL-3 con-
ditions and by experi-
enced personnel

… Use Dacron or Rayon swabs on
plastic shafts instead of cal-
cium alginate swabs or
wooden shafts, which may
contain substances that inacti-
vate viruses or inhibit PCR

Serum: collect 10 cc (20 cc of whole blood) of acute- and con-
valescent-phase samples 10–14 days apart

… … … … …

Stool: specimen size, 10–50 g … … … … …

Whole blood: include an EDTA tube for RT-PCR … … … … …

Avian influenza Respiratory: obtain nasopharyngeal washing, throat swab, ex-
pectorated sputum, or bronchial washing using contact and
airborne precautions

… … … … …

Serum: 5–10 cc (10–20 cc) of acute- and convalescent-phase
samples collected 10–14 days apart

∼2 h at room temperature 4�C Viral culture should be
performed in BSL-3 con-
ditions and by experi-
enced personnel

… Perform immunofluorescence
(preferred) or rapid antigen as-
say on nasopharyngeal, throat,
and lower respiratory speci-
mens; if results are positive
for influenza A, refer to public
health lab to exclude avian
influenza

NOTE. Room temperature is ∼25�C. BAP, brucella agar plate; BCYE, buffered charcoal-yeast extract agar; BSL-3, biosafety level–3; CHOC, chocolate agar; CNA, colistin-nalidixic acid agar; DFA, direct fluorescent
antibody stain; MAC, MacConkey agar; PEA, phenylethyl alcohol agar; SBA, 5% sheep blood agar. Adapted from [5].

a Generally will not grow on this medium; however, it is important to inoculate this medium when trying to confirm an unknown bacterial pathogen.
b Avoid delayed incubation. Length of allowable delayed incubation may depend on the instrument used.
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thorities should be contacted immediately. Environmental and

high-risk bioterrorism specimens should be transported under

the jurisdiction of law enforcement authorities. When a com-

municable outbreak is suspected, it is important to ensure that

local county health departments are integrated early in the

response effort.

The LRN [11] is an interactive partnership that organizes

existing local, national, and international laboratories to pro-

vide the greatest diagnostic expertise in response to bioterror-

ism, chemical terrorism, and other public health emergencies

[12]. Cofounded in 1999 by the Centers for Disease Control

and Prevention (CDC), the Federal Bureau of Investigation

(FBI), and the Association of Public Health Laboratories

(APHL), the LRN is composed of 1150 national, public health,

hospital-based, environmental, food, chemical, agricultural,

veterinary, and military testing facilities in all 50 United States,

the United Kingdom, Australia, Canada, and Germany. In ad-

dition to routine diagnostic testing, the role of sentinel labo-

ratories (local diagnostic facilities) is to recognize, rule out, and

refer potential bioterrorist agents to an LRN reference labo-

ratory using commonly performed clinical microbiology pro-

cedures. Reference laboratories in the LRN perform rapid con-

firmatory testing and toxin detection and maintain biosafety

level (BSL)–3 facilities. National laboratories (e.g., CDC) are

equipped to provide the most secure containment (BSL-4),

perform definitive testing and characterization, and archive po-

tential pathogens.

GENERAL APPROACH

Evaluating potential outbreaks begins with knowing whether

the suspected exposure is intentional (overt or covert) or ep-

idemiologically linked to an area where the pathogen is endemic

[5, 6]. Overt events are either declared (e.g., by alleged attack-

ers) or have a clinical presentation that is highly suggestive of

a particular pathogen (e.g., smallpox). Covert events may occur

insidiously and with nonspecific clinical syndromes; thus, they

may go unnoticed for several days or weeks. Whereas overt

outbreaks would warrant immediate notification of public

health officials and LRN reference laboratories, potential covert

events might be initially evaluated internally by clinicians, in-

fection control personnel, and the sentinel laboratory. Although

hospital and public health authorities should be notified as soon

as a select agent is considered, an LRN-confirmed result would

be needed to initiate a formal public health response. Key ep-

idemiological clues to suspicious emergency events include

sharp rises in the frequency or severity of communicable dis-

eases (including those in animals), an unusual cluster or age

distribution, occurrence of novel or rare diseases, presence or

lack of an appropriate exposure history, travel to a location

that has high-consequence disease transmission, unexplained

deaths, or pathogens with unusual antimicrobial resistance.

The following are several principles that should guide cli-

nicians and laboratorians with respect to sentinel laboratory

evaluation of potential bioterrorist or emerging infectious dis-

ease agents. (1) Obtain optimum specimen collection instruc-

tions from the sentinel laboratory and alert them to the pos-

sibility of an unusual, fastidious, or dangerous pathogen (table

1). (2) Limit culture manipulation by sentinel laboratories to

what is required for referral to an LRN reference laboratory,

to maximize speed, accuracy, and safety. (3) Do not inoculate

highly suspected smallpox, hemorrhagic fever viruses, alpha-

viruses, or any unknown viral agents of potential bioterrorism

into cell culture. Smallpox, herpes B, and Ebola viruses can

replicate in human and nonhuman primate cell lines, including

those used for herpesvirus culture [13]. Local public health

authorities or the CDC should be contacted prior to specimen

collection. (4) Do not send environmental (e.g., packages, pow-

ders, letters, soil, or water), food, animal, or plant specimens

to sentinel laboratories for analysis or culture; refer them di-

rectly to an LRN reference laboratory [9, 10, 13–15]. (5) Restrict

manipulation of certain potential agents (e.g., Francisella tu-

larensis, Brucella species, Coxiella burnetii, Burkholderia mallei,

and Burkholderia pseudomallei) to environments under certified

class II biological safety cabinet or BSL-3 conditions, because

of the high risk of laboratory-acquired infection. Plate sniffing

and any technique that could generate infectious aerosols are

prohibited.

SYNDROME-BASED APPROACH

Diagnosis of infections caused by unusual pathogens that pre-

sent with nonspecific clinical syndromes (e.g., pneumonitis,

rash, meningoencephalitis, and gastroenteritis) can prove to be

extremely challenging. Even in the midst of a known special

pathogen epidemic (e.g., severe acute respiratory syndrome

[SARS]), endemic diseases that share similar manifestations

(e.g., human influenza or pneumococcal pneumonia) will con-

tinue to occur. For respiratory syndromes (figure 1) that ini-

tially mimic community-acquired pneumonia or influenza-like

illness, epidemiologic clues (e.g., occupational and travel his-

tories) have been critical in identifying inhalational anthrax,

SARS, and avian influenza [18]. Acute or generalized febrile

vesicular (or pustular) eruptions cause great concern because

of the possibility that they may be smallpox or monkeypox

(figure 2).

AGENT-SPECIFIC CONSIDERATION

This section will describe the clinical presentation of category

A agents, selected category B agents, SARS, and avian influenza

and will discuss potential practical problems with laboratory

identification and personnel exposure (table 2). All diagnostic

laboratories should have access to a clinical microbiologist who

has been certified by the American Board of Medical Micro-
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Figure 1. Sample algorithm illustrating the approach to a hypothetical cluster of acute febrile respiratory illnesses with epidemiological links to
severe acute respiratory syndrome (SARS) or avian influenza. BSL-3, biosafety level–3; CAP, community-acquired pneumonia; DFA, direct fluorescent
antibody stain; NP, nasopharyngeal; PH, public health; SEB, staphylococcal enterotoxin B. Adapted from [16, 17].

biology, American Board of Pathology, or an equivalent cer-

tifying body, to strengthen their ability to assess difficult issues

in laboratory operation and to support infectious disease prac-

tice. The CDC, American Society for Microbiology, and As-

sociation of Public Health Laboratories regularly update testing

protocols for sentinel laboratories [19–21].

Several unusual and infrequently encountered pathogens

have been misidentified by the commercial identification sys-

tems heavily relied on by most sentinel labs [4, 7–10]; however,

the biochemical profiles of each system are frequently revised

to improve accuracy [22]. Multiple biothreat detection plat-

forms, including nucleic acid amplification and antibody-based

technologies, have been developed for real-time and field-con-

dition use and are discussed elsewhere [23, 24].
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Figure 2. Sample algorithm illustrating the approach to a hypothetical patient with an acute generalized febrile vesicular rash. BSL-2, biosafety–
level 2; DFA, direct fluorescent antibody stain; EM, electron microscopy; HSV, herpes simplex virus; ID, infectious diseases; PH, public health; VZV,
varicella-zoster virus. Adapted from [50].

Anthrax. Bacillus anthracis is an aerobic, spore-forming,

gram-positive rod that causes cutaneous and systemic disease,

usually in areas where animal vaccination is not performed

[25]. Cutaneous infection usually presents as a small, painless,

pruritic papule that develops into a vesicle, which then develops

into a necrotic eschar with regional lymphadenopathy and sig-

nificant edema. In the first cluster of anthrax attacks, several

cases of cutaneous disease were not recognized until other con-

firmed cases were reported [26, 27]. Similarly, early symptoms

of inhalational disease (fever, malaise, and myalgias) are hard

to distinguish from influenza-like illness and community-ac-

quired pneumonia [18, 28]. However, within a few days, pa-

tients’ conditions rapidly deteriorate, with development of se-

vere dyspnea, hypoxemia, widened mediastinum, and
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Table 2. Clinical and microbiological characteristics listed by bacteria, toxins, and viruses.

Agent Infective dose Incubation period Clinical presentation Case fatality

Bacillus anthracis 8000–50,000 spores
(LD50)a

1–14 days for cutaneous
disease; 1–60 days for
inhalational disease

Hemorrhagic mediastinitis; septice-
mia; meningitis; necrotic eschar;
dysentery

For persons with untreated inhala-
tional and systemic disease,
∼100% (for persons with early
treatment, 55%); for persons with
untreated cutaneous disease, 20%
(for persons with treatment, !1%)

Yersinia pestis !100 organisms 1–7 days Buboes; pneumonia; septicemia;
meningitis

For untreated persons, 50%–90%; for
treated persons, 5%–15%

F. tularemia 10–50 organisms 1–14 days Ulceroglandular; oculoglandular; pneu-
monia; septicemia; meningitis

For persons with untreated pneu-
monic and severe systemic dis-
ease, 30%–60%; for untreated per-
sons overall, 5%–15%; for treated
persons, !2%

Brucella species 10–100 organisms 5–60 days Isolated fever; pancytopenia; orchitis;
endocarditis; osteomyelitis

For untreated persons, !5%

Clostridium
botulinum

0.001 mcg/kg of
type A toxin

1–5 days Cranial nerve palsy; descending flac-
cid paralysis; autonomic
dysfunction

5%–10%

Staphylococcal
enterotoxin B

30 ng incap;
1.7 mcg kills

3–12 h ARDS; toxic shock; gastroenteritis !1%

Smallpox 10–100 viruses 7–17 days Smallpox ∼30% for variola major; ∼1% for
variola minor

Viral hemorrhagic
fever

1–10 viruses 2–21 days Hemorrhagic fever; multisystem
organ failure

50%–90% for filoviruses, 15%–25%
for Lassa fever

SARS … 2–10 days Pneumonia; ARDS; diarrhea 5%–11%

Avian influenza 2–17 days Pneumonia; ARDS ∼50%

NOTE. ARDS, acute respiratory distress syndrome; FA, fluorescent antibody stain; GNCB, gram-negative coccobacillus; GNR, gram-negative rod; GPR, gram-
positive rod; LD50, 50% lethal dose; LRN, Laboratory Response Network; TRF, time-resolved fluorescence antigen-capture immunoassay; VZV, varicella-zoster
virus. Adapted from [5].

hemorrhagic pleural effusions evident on chest radiographs. At

this point, the disease is frequently fatal, although early initi-

ation of antimicrobial therapy during the 2001 anthrax attacks

improved the survival rate to 55% [29, 30]. Gastrointestinal

anthrax presents with pharyngitis, severe neck swelling, ab-

dominal pain, or hemorrhagic ascites. Depending on the organ

system involved, anthrax is diagnosed by culturing vesicular

fluid, pleural fluid, blood, sputum, peritoneal fluid, CSF, or

stool specimens. Gram staining reveals large, “boxcar” gram-

positive rods, and in primary specimens, a capsule can be ob-

served with India ink preparation. Colonies are characteristi-

cally nonhemolytic, ground-glass opaque with irregular edges,

and tenaciously adherent. A presumptive identification can be

made by sentinel laboratories on the basis of Gram stain ap-

pearance, rapid aerobic growth, colony morphology, catalase

production, encapsulation, lack of motility, and aerobic spore

formation [15]. Due to laboratory safety concerns, motility

testing should be performed using motility medium tubes,

rather than wet preparation. For similar reasons, India ink prep-

aration and spore staining may not be necessary for LRN re-

ferral if the other aforementioned criteria are consistent with

B. anthracis infection. Communication between the laboratory

and clinicians is vital to compare whether the clinical presen-

tation is consistent with anthrax and to help ensure that cli-

nicians are aware of the preliminary laboratory findings, so that

patients can be appropriately cared for. Definitive confirmation

is conducted at reference LRN laboratories by direct fluorescent

antibody staining, time-resolved fluorescence antigen-capture

immunoassay, phage lysis, and real-time PCR [3, 15, 24, 25,

31]. Antimicrobial susceptibility testing may be performed to

exclude natural or genetically-engineered resistance using Clin-

ical and Laboratory Standards Institute (CLSI) criteria [32].

Screening of nasal swab specimens is reserved for formal epi-

demiological investigations.

Plague. Yersinia pestis is a small, gram-negative rod trans-

mitted by bites of infected rodent fleas. Foci of plague are
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Table 2. (Continued.)

Person-person
communicability Isolation procedure Biosafety level (BSL)

Key microbiologic characteristics for
presumptive identification

Definitive testing performed by LRN
reference laboratories

No Standard precautions BSL-2 with biosafety
cabinet use

Large boxcar GPR in chains; nonhem-
olytic colonies; nonmotile; capsule
seen by India ink in primary speci-
mens; catalase+; sporulates
aerobically

FA (capsular antigen or cell wall poly-
saccharide); g-phage lysis; immuno-
histochemistry; real-time PCR; TRF;
ELISA serologic testing

Yes (high) Droplet precautions for
pneumonic disease
until patient has re-
ceived 3 days of
treatment

BSL-2 with biosafety
cabinet use

GNR that may have bipolar staining;
fried egg or hammered copper col-
onies at 48–72 h; nonlactose fer-
menter; catalase+; oxidase; indole;
urease-negative; nonmotile, even at
28�C

FA (capsular F1 protein); bacterio-
phage lysis; passive hemagglutina-
tion or ELISA serologic testing; real-
time PCR; TRF

No Standard precautions BSL-3 Tiny, pleomorphic poorly staining
GNCB; small gray-white nonhemo-
lytic colonies after 2–10 days;
weakly catalase+; oxidase and ure-
ase-negative; b-lactamase+; does
not require X or V factor

FA; tube agglutination or microagglu-
tination serologic testing; cell wall
fatty acid analysis; immunohisto-
chemistry; real-time PCR; TRF

No Contact isolation if
draining lesions
present

BSL-3 Tiny, pale-staining GNCB; small non-
hemolytic colonies after 2–3 days;
oxidase; catalase; urease+

Slide or tube agglutination serologic
testing; real-time-PCR

No Contact precautions
for draining wounds

BSL-2 Contact LRN reference lab for direct
specimen referral

Mouse toxicity and toxin neutraliza-
tion assay; ELISA serologic testing

No Standard precautions BSL-2 Contact LRN reference lab for direct
specimen referral

TRF; serologic testing

Yes (high) Airborne and contact
precautions

BSL-4 Contact LRN reference lab for direct
specimen referral; FA to rule out
VZV in low-risk cases

Negative-staining electron micros-
copy; real-time PCR; ELISA sero-
logic testing; viral isolation

Yes (moderate) Contact precautions BSL-4 Contact LRN reference lab for direct
specimen referral

ELISA serologic testing; antigen de-
tection; RT-PCR; viral isolation

Yes (high) Airborne, contact, and
eye precautions

BSL-3 Contact LRN reference lab for direct
specimen referral

EIA serologic testing; RT-PCR; elec-
tron microscopy; viral isolation

Yes (uncommon) Droplet precautions BSL-3 Contact local public health officials for
direct specimen referral

Serologic testing; antigen detection;
RT-PCR; viral isolation

a The minimum infective dose is likely much lower but has not been fully established.

endemic to many parts of the world and attempted bioterrorist

attacks using Y. pestis date back to the 14th century [33]. After

an incubation period of 1–7 days, naturally-acquired disease

often begins with febrile lymphadenitis (buboes), whereas an

aerosolized attack would likely manifest as an outbreak of pneu-

monia. Septicemia and meningitis often result from advanced

illness. The diagnosis is made by culturing lymph node aspirate,

sputum, pleural fluid, blood, or CSF. Although bipolar staining

is more consistently observed by Wright or Giemsa staining, it

can be observed by Gram staining. It should be noted that

other Enterobacteriaceae and Pasteurella species may also exhibit

bipolar staining; thus, this is not exclusive for Y. pestis. Y. pestis

grows on routine bacteriologic media, with optimal growth at

25–28�C. Pinpoint gray-white colonies appear after 24 h of

incubation, and after 48–72 h of growth, the typical fried egg

or hammered-copper colony morphologies become evident. Y.

pestis is catalase positive, ferments glucose but not lactose, and

is oxidase-negative, indole-negative, and urease-negative. Un-

like other Yersinia species that are motile at 22–30�C, Y. pestis

is nonmotile. Although older commercial systems (e.g., BBL

Crystal Enteric–Nonfermenter System, version 3.0 [BD Micro-

biology Systems], and API, version 10.0 [bioMérieux]) have

misidentified Y. pestis as Yersinia pseudotuberculosis, Shigella spe-

cies, H2S-negative Salmonella species, or Acinetobacter species

[10, 22, 34], newer panels (e.g., API 20E, version 4.0 [bio-

Mérieux], and the MicroScan Rapid Gram-Negative Identifi-

cation Type 4 database [Dade Behring]), appear to provide

more accurate identification [35]. Y. pestis is confirmed by LRN

reference laboratories using fluorescent antibody techniques

and bacteriophage lysis [10]. Although it has not been ade-

quately developed for definitive confirmatory testing, a real-

time PCR assay exists in the LRN [24]. A rapid dipstick test

that detects the capsular F1 antigen has demonstrated a high

degree of sensitivity, specificity, and reproducibility, but it is

not widely available [36]. CLSI antimicrobial susceptibility test-

ing criteria are available for Y. pestis [32].

Tularemia. Francisella tularensis is a small, pleomorphic,

gram-negative coccobacillus carried by a variety of insect vec-

tors that feed on wild lagomorpha, deer, and rodents [37].

Laboratory-acquired infections have also occurred; thus, cul-
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ture manipulation in a biological safety cabinet or BSL-3 lab-

oratory is recommended. After 2–10 days of incubation, pa-

tients develop fever, chills, headache, and malaise, followed by

ulceroglandular, glandular, oculoglandular, oropharyngeal,

pneumonic, or typhoidal syndromes. In naturally acquired in-

fection, ulceroglandular disease most frequently occurs and

presents with �1 papuloulcerative lesion with central eschar

and tender regional lymphadenopathy. The diagnosis may be

confirmed by 4-fold increases in the tube agglutination sero-

logic titer, or the organism can be cultured from lymph node

aspirate, ulcer scrapings, sputum, pleural fluid, and blood. By

Gram staining, the organism appears as tiny, pleomorphic,

poorly-staining, gram-negative coccobacilli. F. tularensis pri-

marily grows on cysteine-supplemented media, including choc-

olate, Thayer-Martin, and buffered charcoal yeast extract agars,

and 148 h must pass before the small, gray-white colonies

become visible. Because of its fastidious nature, colonies may

be mistaken for Haemophilus influenzae [38]; however, F. tu-

larensis does not require X (hemin) factor, V (NAD) factor, or

form satellite growth around b-hemolytic colonies. F. tularensis

is weakly catalase positive but oxidase negative and urease neg-

ative. Commercial biochemical systems (e.g., Vitek NHI panel;

bioMérieux) [39] may incorrectly identify it as Actinobacillus

actinomycetemcomitans with 99% certainty; however, F. tular-

ensis is b-lactamase–positive [9]. F. tularensis often fails to grow

on automated biochemical panels (e.g., MicroScan NEG

Combo Type 25; Dade Behring) [40]; however, reliable iden-

tification has been reported using the Vitek 2 GN card

(bioMérieux) [41]. Once received by a reference LRN labora-

tory, the identity is confirmed with direct fluorescent antibody

staining, typical growth characteristics, and real-time PCR [9,

24, 42]. As for B. anthracis and Y. pestis, CLSI antimicrobial

susceptibility testing criteria is available for F. tularensis [32].

Botulism. Clostridium botulinum is a neurotoxin-produc-

ing, obligate anaerobic, spore-forming, gram-positive bacillus

[43]. The neurotoxin irreversibly inhibits the release of ace-

tylcholine at presynaptic terminals, thereby causing cranial

nerve palsies and afebrile descending symmetric flaccid paral-

ysis. Other syndromes that may mimic botulism are myasthenia

gravis, Lambert-Eaton syndrome, polio, tick paralysis, Guillain-

Barre syndrome, brainstem stroke, and heavy metal intoxica-

tion. Botulism is usually foodborne or produced in wounds

infected with C. botulinum. It is the most potent bacterial toxin

and can be absorbed by mucosal surfaces or respiratory tracts.

Therefore, sentinel labs should not attempt culture or toxin

analysis, because skin contact may induce severe symptoms in

the laboratorian. A specialized LRN reference lab should be

contacted to receive suspected food sources, environmental

swab specimens, stool samples, gastric secretions, and wound

samples. Serum should be drawn before antitoxin is given.

Mouse toxicity bioassay and toxin neutralization studies are

used for confirmatory testing, making it important to ascertain

whether the patient received any drugs with neuromuscular

activity [14, 44]. Real-time PCR assays for neurotoxins A and

B are also being developed in the LRN [24].

Smallpox. Variola virus is a large, brick-shaped, enveloped

DNA Orthopoxvirus. Although no known smallpox cases have

occurred since 1978, the threat of security breaches in collec-

tions previously produced by the former Union of Soviet So-

cialist Republics have placed it high on the list of potential

bioterrorist agents [45, 46]. After 7–17 days of incubation, al-

most all patients experience a febrile prodrome, consisting of

fever plus headache, chills, prostration, nausea, malaise, back-

ache, or severe abdominal pain. About 1–4 days later, the typical

smallpox rash emerges as papules that evolve into generalized

firm, deep-seated, well-circumscribed nodules, vesicles, or pus-

tules. Varicella-zoster virus, which causes chickenpox and shin-

gles, is the agent most likely to be confused with smallpox, and

7%–17% of unvaccinated patients with chickenpox may meet

the smallpox febrile prodrome criteria [47]. However, varicella

produces crops of blisters in various stages of development,

whereas smallpox lesions generally remain in a synchronous

stage of development and evolve slowly, with each stage lasting

1–2 days. Furthermore, smallpox lesions first appear on the

periphery (e.g., on the face, mouth, hands, and feet, including

palms and soles), whereas varicella usually presents on the

trunk. The early presentation of smallpox may also resemble

infection with other poxviruses (e.g., monkeypox, vaccinia, orf,

and molluscum contagiosum), bullous impetigo, contact der-

matitis, drug eruptions, erythema multiforme, hand-foot-

mouth disease, and eczema herpeticum. Only personnel who

have been successfully vaccinated against smallpox within 3

years should be allowed to collect specimens. Specimens ob-

tained from patients at moderate or low risk may undergo

sentinel laboratory testing using herpesvirus-specific direct

fluorescent antibody staining, PCR (for varicella-zoster virus,

herpes simplex virus, and enterovirus), electron microscopy,

and viral culture of vesicle scrapings. Electron microscopy is

the fastest method (15–20 min) for distinguishing herpesviruses

from poxviruses (figure 3), but it may not be available at all

laboratories. It can, however, be performed by select LRN ref-

erence laboratories [48, 49]. Furthermore, whereas electron mi-

croscopy can differentiate between parapoxviruses (e.g., orf)

and orthopoxviruses (e.g., vaccinia and variola), it cannot dis-

tinguish variola from other orthopoxviruses. Direct fluorescent

antibody testing is one of the most rapid and widely available

ways of confirming varicella-zoster virus, thus essentially ex-

cluding variola. A skin biopsy and bacterial culture can evaluate

erythema multiforme and impetigo. If none of these tests are

diagnostic, the patient’s condition and the need for dermato-

logic and histologic testing should be reevaluated. Orthopox-
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Figure 3. Electron microscopy of negatively stained viruses. A, Viruses
in the Orthopox genus (e.g., variola, vaccinia, monkeypox) and viruses in
the Molluscipox genus (e.g., molluscum contagiosum) are morphologically
similar. They are large, brick-shaped particles, ∼200 nm � 250–300 nm
in size. Depending on the number and configuration of membranes around
the particles, the surfaces may appear somewhat rough or with deep
ridges. B, Parapox viruses (e.g., orf and Milker nodule virus) are slimmer
and more elongated, 140–170 nm � 220–300 nm in size. The surface
of these viruses frequently appears to have criss-crossed striations, like
rope wrapped diagonally around the particle. C, Herpesviruses (e.g., var-
icella-zoster virus, human herpes virus, or herpes simplex virus) are 120–
200 nm in diameter, with icosahedral nucleocapsids of ∼100 nm in di-
ameter. Smallpox or variola can be rapidly (in 10–20 min) and easily
distinguished morphologically from herpesviruses and parapoxviruses by
negatively staining vesicle fluid. Electron photomicrograph is courtesy of
Dr. Sara E. Miller.

virus real-time PCR assays can be performed at LRN reference

laboratories for definitive confirmation [3, 50, 51].

Viral hemorrhagic fevers. The agents of viral hemorrhagic

fevers include Filoviridae viruses (e.g., Ebola and Marburg vi-

ruses), Arenaviridae viruses (e.g., Lassa, Junin, Machupo, and

Guanarito viruses), Bunyaviridae viruses (e.g., hantavirus, Rift

Valley fever, and nairovirus viruses), and Flaviviridae viruses

(e.g., yellow fever, Omsk hemorrhagic fever, and Kyasanur For-

est disease viruses) [52]. Although these are all enveloped RNA

viruses and many are zoonoses, they have diverse geographic

distributions and host reservoirs. The recent outbreak of Mar-

burg virus in northern Angola occurred between October 2004

and July 2005, resulting in 374 cases and a mortality rate of

88% [53]. After 5–10 days of incubation, the typical clinical

presentation is acute fever, headache, and myalgias followed by

prostration, maculopapular rash, sore throat, cough, chest and

abdominal pain, vomiting, and diarrhea. A few days later, jaun-

dice, delirium, severe weight loss, hemorrhagic manifestions,

multisystem organ failure, and shock occur. Whereas early spec-

imen collection gives the best chance of viral isolation, it is

essential to initiate contact, eye, and respiratory precautions,

to obtain a travel history, and to contact the local public health

department. Paired serum samples, heparinized plasma sam-

ples, EDTA whole blood samples, throat washings, urine spec-

imens, and tissue specimens should be submitted to a national

LRN laboratory for antibody testing, ELISA antigen detection,

RT-PCR, and BSL-4 viral culture [13].

SARS. Although there has been no known severe natural

recurrence of SARS since July 2003, the SARS-associated co-

ronavirus is highly contagious through aerosolized droplets,

stool, and contaminated fomites [54]. After a 2–10 day incu-

bation period, the usual presentation of SARS begins with fever,

headache, and malaise followed by cough and progressive dysp-

nea. The use of SARS testing should be judicious, particularly

in the absence of ongoing person-to-person transmission, be-

cause false-positive results are more likely to occur when the

pretest probability of disease is low. Therefore, testing should

be aimed toward clusters of patients with an undiagnosed feb-

rile respiratory illness severe enough to warrant hospitalization

and who have one of the following epidemiological links within

10 days of onset: travel to or close contact with an ill person

from China, Hong Kong, or Taiwan; employment as a health

care worker with direct patient contact; or employment as a

laboratorian working near live SARS coronavirus [17]. Patients

at high risk for SARS should be placed in airborne and contact

isolation until public health officials are consulted. Initially,

electron microscopy was invaluable in the identification of a

coronavirus as the etiological agent, because molecular- and

culture-based detection systems centered on respiratory viruses

in other families [55]. Presently, SARS testing involves enzyme

immunoassay serologic and RT-PCR on respiratory, blood, and
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stool specimens [56, 57]; however, because several laboratory-

acquired cases have occurred, strict handling precautions must

be observed [58].

Avian influenza. Highly pathogenic avian influenza is

caused by certain strains of type A influenza virus that primarily

cause symptomatic infection in domesticated fowl and swine

[59, 60]. Until 1997, avian influenza rarely caused human dis-

ease, but beginning in December 2003, a severe H5N1 outbreak

was declared in Vietnam, Thailand, Cambodia, China, Indo-

nesia, Turkey, Azerbaijan, and Iraq, resulting in 186 confirmed

human cases and 105 deaths [61]. Similar to SARS, the clinical

features of avian influenza are fairly nonspecific; however, the

current spread of avian influenza is likely to continue. Testing

should be considered for patients with a febrile respiratory

illness who, within 7–14 days, patients who have had exposure

to poultry (within 1 meter), patients with influenza A, patients

with a severe unexplained respiratory illness, or surfaces con-

taminated with bird feces in areas with confirmed or suspected

avian influenza activity [59, 62]. This is particularly applicable

if the illness is severe enough to warrant hospitalization, the

patient has radiographically confirmed pneumonia, and an al-

ternative diagnosis has not been established [63]. Sentinel lab-

oratories may test for influenza A using immunofluorescence

and rapid immunochromatographic antigen detection assays;

however, these do not distinguish avian influenza A from hu-

man influenza A. Furthermore, unlike human influenza, rapid

antigen tests may have lower sensitivity for avian influenza

virus, and throat samples may provide a greater yield than

nasopharyngeal specimens [59]. Confirmatory avian influenza

testing using paired serum samples, BSL-3 viral culture, or a

recently approved influenza A/H5 (Asian lineage) subtyping

RT-PCR assay are available by contacting state public health

authorities [60, 64].

SUMMARY

Astute clinicians and laboratorians will continue to detect the

emergence and reemergence of both naturally occurring and

intentional infectious disease outbreaks. To be optimally pre-

pared, effective communication among clinicians, public health

authorities, sentinel laboratories, and LRN reference labora-

tories is critical. Knowing when to initiate a public health in-

vestigation and how to use commonly performed microbio-

logical procedures in the sentinel laboratory to evaluate

potential bioterrorism and emerging infections is essential to

the accurate and rapid confirmation of the causative agent.
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