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BIOTERRORISM-RELATED INHALATIONAL ANTHRAX: CAN
EXTRAPOLATED ADULT GUIDELINES BE APPLIED TO A
PEDIATRIC POPULATION?

Rick C. Place, Dan Hanfling, John M. Howell, and Thom A. Mayer

Objective: Since the 2001 anthrax attacks, an extensive body of literature has evolved, but there has been a limited focus on
the management of pediatric-specific issues. We looked at the symptom complexes of all pediatric patients presenting to the
emergency department of our hospital during this period and examined whether their presentations would likely allow cur-
rent guidelines to be used as potential screening criteria to identify children infected with anthrax. Methods: We retrospec-
tively reviewed emergency department records of all adult and pediatric patients (up to the age of 21 years) at Inova Fairfax
Hospital during this time, when a large, and at the time ill-defined, group in the Washington, DC, metropolitan area was at
risk for pulmonary anthrax. Two cases of anthrax infection were identified at this hospital in exposed adult postal workers.
Screening algorithms (described by Mayer et al. and Hupert et al.) were applied to adult and pediatric patients with the pres-
ence of fever (38°C), tachycardia, or other symptoms compatible with pulmonary anthrax. Specifically, the usefulness of
these guidelines as potential screening tools to identify possibly infected children was examined. Results: Of 767 pediatric
patients seen in the emergency department during the study period, 312 met criteria for review (41%; 95% CI: 37-44%).
Four adult patients (0.4%; 95% CI: 0.1-0.9%) had at least five clinical symptoms, fever, and tachycardia; two of them had
inhalational anthrax. No pediatric patient presented with five or more clinical symptoms. Twelve children (3.9%; 95% CI:
2-6.6%) presented with four clinical symptoms; five of the 12 had neither fever nor tachycardia. Children, particularly in-
fants and toddlers, presented with nonspecific symptom complexes primarily limited to fever, vomiting, cough, and trouble
breathing. Conclusions: Existing guidelines are likely to be unreliable as a screening tool for inhalational anthrax in children,

largely because of the children’s inability to adequately communicate a suggestive symptom complex.

IN OCTOBER AND November of 2001, 11 patients were
identified in the United States
anthrax.! Although the total number of confirmed patient

with inhalational

exposures to anthrax was limited, the number of patients

seeking medical attention with concerns of “possible expo-
sure” was extensive, severely straining existing healthcare
services. This sudden surge in demand for patient care, es-
pecially in the context of a bioterror agent that was rela-
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tively unstudied and unfamiliar to the majority of health-
care practitioners, highlighted the importance of proac-
tively planning for medical surge capacity, as well as famil-
farity with screening large numbers of patients who might
have been exposed to agents of bioterrorism. Moreover, sig-
nificant healthcare and economic resources were expended
to distinguish the few infected people from the vast num-
bers of those who were not infected.

The limited focus of the attacks kept this particular out-
break from more dramatically affecting the healthcare de-
livery system. However, as Danzig has noted in an insight-
ful and penetrating monograph, the possibility of broader
and more sustained releases of bioterrorism agents points to
the critical importance of developing guidelines and train-
ing scenarios for likely bioterrorism agents that might be
used in the future. These guidelines and scenarios should
include consideration of pediatric victims of bioterrorism.>

A significant body of recent literature has focused on the
medical, epidemiological, and national security aspects of
these attacks.>*¢7 Little focus has been placed on the ability
of the healthcare delivery system to address specific pedi-
atric diagnostic, treatment, and management aspects of in-
tentional anthrax dissemination.

While only one child was known to have been exposed to
anthrax spores in the 2001 attack,® a more indiscriminate
spread of anthrax spores could potentially expose a large
number of children who, like their adult counterparts,
would require rapid triage and risk stratification. Unfortu-
nately, pediatric-specific guidelines have not been developed.
What little there is merely reiterates the adult experience.”!?
As part of our post-hoc analysis of the Washington, DC, area
anthrax attacks, we looked at the symptom complexes of all
pediatric patients presenting during this period and exam-
ined whether their presentations would likely allow current
guidelines to be used as potential screening criteria to identify
children infected with anthrax.>!!

SCREENING FOR ANTHRAX IN AN
EXPOSED POPULATION

Our total emergency department census (i.c., adult and pe-
diatric) for the study period was 4,259 patients. Of those,
1,127 adult and pediatric records met the criteria for review
(any symptoms consistent with pulmonary anthrax, listed
in the sidebar; fever; or tachycardia). Of the 312 pediatric
charts that met the criteria for review (41% of pediatric pa-
tients presenting to the department), 195 (63%) were aged
0-3 years, 82 (27%) were aged 4-10 years, and 35 (10%)
were aged 11-21 years. While no pediatric patient was di-
agnosed with inhalational anthrax, blood samples of two
adult patients had positive PCR tests for anthrax. Four
adult patients (0.4%; 95% CI: 0.1-0.9%) had at least five
clinical symptoms and fever and tachycardia, thus meeting
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adult screening guidelines, and two of the four had inhala-
tional anthrax.! No pediatric patient presented with five or
more clinical symptoms, and only 12 children (3.9%) pre-
sented with four clinical symptoms; 50 pediatric patients
(16%) had three symptoms, 124 (40%) had two symp-
toms, 104 (33%) had one symptom, and 22 (7%; 95% CI:
4.5-10.5%) had no clinical symptoms suggestive of inhala-
tional anthrax (they had only fever or tachycardia).

It is important to note that the majority of children eval-
uated during the study period were preverbal infants and
toddlers (63%), with a minority of more verbal school-age
children (27%) and adolescents (10%). Of infants and tod-
dlers presenting during this time period, 46% had fever.
The vast majority had only two or three clinical symptoms,
with none having the requisite five symptoms that would
trigger the diagnostic screening in adults suggested by
Mayer et al." Furthermore, the aggregate symptoms in in-
fants and toddlers were extremely limited in scope and non-
specific: fever, vomiting, cough, and trouble breathing (Fig-
ure 1). The relative paucity of symptoms that young
children present with is quite evident when compared with
adults presenting over the same time period, and when
compared to the symptoms seen in a// patients with docu-
mented inhalational anthrax in the U.S. during the study
period and those with documented anthrax infection (Fig-
ures 1-3).2 The scope of the symptom complex visibly
changes across the entire age range of pediatric patients

(Figures 4-6).

MAKING SENSE OF THE DATA

Current screening recommendations are extrapolated
largely from the adult literature, based on risk-stratifying
adult patients with anthrax exposure. What little literature
that exists regarding pediatric-specific concerns discusses
them as generalities (e.g., children may experience greater
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risks of inhalation because their minute volumes are
greater).!>13 Applying guidelines to potential pediatric in-
halational anthrax victims has been a poorly developed pro-
cess, particularly as it applies to infants and young chil-
dren.”!? Whereas a number of resource documents have
been made available that highlight recommended therapies
and anthrax prophylaxis in children, an evidence-based di-
agnostic approach for potential pediatric exposure to

Frequency of Clinical Symptoms: Screened Children and Screened Adults

aerosolized anthrax currently does not exist.> Therefore, ac-
curate or not, pediatric guidelines are based on adult signs,
symptoms, medical evaluations, and theoretical extrapola-
tions.”!4

Screening and evaluation for inhalational anthrax during
the fall 2001 attacks, while not formally restricted to indi-
viduals at occupational risk, were made much easier by the

fact that the exposure was limited in scope. Should a more
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Frequency of Symptoms: Screened Adults with 4 or More Symptoms
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indiscriminate, aerosolized delivery of weaponized anthrax
spores take place, thereby limiting epidemiologic risk fac-
tors as a discriminator of risk, pragmatic guidelines will be
necessary to better focus screening on patients truly at risk.
Mayer et al. provided one approach, concluding that using
five or more clinical symptoms with fever and tachycardia is
a prudent approach to screening patients in the absence of
defined epidemiologic risk factors."! Hupert and colleagues
used an algorithm to assess the efficacy of screening patients
with possible exposure and signs or symptoms of pul-

Frequency of Symptoms in First 10 Anthrax Cases in 20012

monary anthrax.!" A previous publication indicated that
nearly 10-70 times as many patients would be screened us-
ing this algorithm as opposed to the criteria of Mayer et
al."! We argue that both approaches may be ineffective for
pediatric patients, particularly for very young children.

The literature on pediatric anthrax is sparse, with numer-
ous case reports scattered over the past century consisting of
localized, cutaneous disease and atypical presentations or
outcomes (e.g., survival from anthrax meningitis).%1%:15-20
There was only one known pediatric infection in the 2001
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Figure 4. Frequency of Symptoms: Screened Children Ages 0-3 Years

38

Biosccurity And Bioterrorism: Biodefense Strategy, Practice, And Science


http://www.liebertonline.com/action/showImage?doi=10.1089/bsp.2006.0011&iName=master.img-003.jpg&w=306&h=249
http://www.liebertonline.com/action/showImage?doi=10.1089/bsp.2006.0011&iName=master.img-004.jpg&w=341&h=225

PLACE ET AL.

II'.,nl;r

50%%0-

40%a+

30%0-

20%{

10%+

0%
e‘gﬁﬁ

ﬁg:@o@

A

Figure 5.

anthrax attacks, and this patient had cutaneous anthrax, the
most easily identifiable and treatable form of the disease.®
We could find no cases of pediatric inhalational anthrax in
the literature from which to draw conclusions as there were
with their adult counterparts.'!° The few cases of invasive
disease reported in pediatric patients were fatalities and de-
scriptions that did not focus on the early (and potentially
treatable) phases of the disease.!5-17:21-23

One serious problem with applying adult anthrax

Frequency of Symptoms: Screened Children Ages 4-11 Years

guidelines to pediatric patients is that, like other infec-
tious illnesses (e.g., chicken pox, mumps, severe acute
respiratory syndrome), inhalational anthrax may present
differently in children than in adults. A recent observa-
tional study of children with severe acute respiratory syn-
drome (SARS) clearly illustrated differences in clinical
presentation between adults and children.?* Even if this
disease process is similar, it is possible that the clinical
manifestations of inhalational anthrax in children may be
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Figure 6.  Frequency of Symptoms: Screened Children Ages 12-16 Years
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far less specific. For example, few 2-year-olds complain of
chest discomfort, but many have nonspecific vomiting
with febrile illnesses. Many febrile children are reported
by parents to have a minor, dry cough, thus limiting the
discriminatory value of important clues specific to adult
pulmonary anthrax. The pediatric literature on anthrax
bioterrorism simply fails to adequately address these lim-

itations.”!?

FORMAL SCREENING GUIDELINES
NOT RELIABLE

Unfortunately, young children are unable to verbally ex-
press a symptom complex broad enough for useful clinical
discrimination (Figures 4 and 5). Many of the key symp-
toms noted by Jernigan et al. (Fig. 3) required both somatic
insight and verbal expressiveness (e.g., dyspnea, chest dis-
comfort, nausea, myalgias, headache).? The verbal ability of
screened children and their symptom complexes are clearly
correlated. Of all the screening criteria, in addition to fever,
only a few were found in significant numbers of infants and
toddlers (cough, vomiting, shortness of breath). As children
advanced in age and verbal ability, the number of symp-
toms shifted toward a higher number with the addition of
headache and stomach ache. In the pre-adult adolescent
years, where verbal expressiveness is more sophisticated, a
greater percentage of children presented with potentially
discriminatory complexes of four symptoms (17%). Fully
63% of our pediatric patients were in the 0-3-year age
group, when somatic insight and verbal expression are lim-
ited or nonexistent.

We also believe that the extrapolated workup recom-
mended in adult guidelines may prove to be problematic.
The typical approach in an adult patient is to obtain a com-
plete blood count (CBC), blood culture (which is not
timely), and a chest radiograph. Chest radiography is per-
haps the one test that truly drives further evaluation in the
absence of clinical toxicity, dramatically improves post-test
probability, and affects prognosis.? Patients with a widened
mediastinum or pleural effusion have evidence of potential
mediastinitis, the initial (and treatable) phase of the dis-
ease.!>1925 Tt is recommended that such patients undergo
thoracic CT imaging to confirm or eliminate the possibility
of mediastinitis.! However, the normal pediatric radio-
graph may differ significantly from that of an adult. The
thymic shadow in infants may cover half of the diameter of
the lungs and obliterate mediastinal features. While a nor-
mal radiograph may be reassuring, the usefulness of this
study to discriminate potential bioterrorism victims is likely
to be more limited in young children. On the other hand,
radiographic abnormalities in pediatric patients at risk for
inhalational anthrax need to be taken very seriously.
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The same limitations likely apply to the use of the CBC,
a decidedly poor discriminator of serious bacterial illness in
children. While written monographs on anthrax suggest a
uniformly elevated leukocyte count, it is not at all clear that
this is the case in the prodromal (i.e., treatable) stage of the
illness.!2¢ Even then, descriptions of pediatric anthrax find
a variable leukocytosis, including relatively normal values,
in critically ill children, potentially limiting its useful-
ness.”!>?% Indeed, white blood cell counts were invariably
normal in the recently described adult patients with inhala-
tional anthrax who presented in the prodromal phase of the
illness.?

Even treatment decisions are problematic. Which anti-
biotic is indicated for the infant with potential (but not
clear) anthrax exposure, low grade fever, and nonspecific
symptoms while blood cultures are pending? Sensitivity
testing of the 2001 anthrax strain demonstrated the pres-
ence of a cephalosporinase and intermediate sensitivity to
ceftriaxone, making it an inappropriate choice.® Thus,
standard of care treatment for the ubiquitous pediatric
fever without a source must necessarily be altered in the
setting of anthrax release. Ciprofloxacin and doxycycline
have both been recommended for both treatment and
oral prophylaxis in children,' but neither of these treat-
ments is recommended and they may not be appropriate

in febrile children.

CONCLUSION

The recent recommendations published by the National
Advisory Committee on Children and Terrorism demon-
strate the urgent need to focus on improving the readiness
of all healthcare facility settings to manage injured, ill, or
potentially exposed pediatric patients.”’ Among a number
of very important priorities is the recommendation to de-
velop a set of diagnostic “pediatric algorithms for the most
common conditions, and make them available to every hos-
pital and location that cares for children.”®” Any febrile
infant or young child presenting for evaluation during an
indiscriminate aerosolized anthrax attack should be consid-
ered at risk and in need of a workup. Extrapolation of adult
criteria to the pediatric patient presents difficulties. It
would be wise to consider that children with very early,
prodromal anthrax may present with a nonspecific febrile
illness with vague constitutional symptoms—as would their
adult counterparts. But there will be fewer and perhaps less
specific associated findings to discriminate anthrax from
more common circulating infectious illnesses. Further-
more, the diagnostic workup is likely to be less clear than in
adults.

In retrospect, this study would have provided more accu-
rate information if it had been performed in a prospective
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fashion. As with all chart abstraction, results are limited to
what is written on the chart. A prospective evaluation
would more completely identify patient symptoms. In ad-
dition, certain other characteristics, such as a child’s verbal
ability, could be more clearly explored.

In summary, based on our experience screening children
for inhalational anthrax in October 2001, we believe that,
in cases where anthrax infection cannot be excluded and re-
gardless of the symptom complex, febrile pediatric patients
at even minimal risk of anthrax exposure should be treated
empirically with ciprofloxacin or doxycycline prophylaxis
after a blood culture has been obtained and follow-up
arranged for the following day. All positive blood cultures
drawn before the initiation of antibiotics in the 2001 at-
tacks yielded positive results within 24 hours.” Indeed, re-
cent work by Fine et al., using the more theoretical ap-
proach of decision analytic modeling, suggests that, during
an event, treating all febrile patients in whom influenza has
been excluded, regardless of age, may be the safest approach
until blood cultures are known to be negative.”® The sheer
number of febrile children presenting to emergency depart-
ments is likely to render any other approach impractical
during an indiscriminate attack. Given what is known
about the course of inhalational anthrax in adults, this is
likely the most reasonable approach to a child who does not
appear acutely ill but might have unrecognized inhalational
anthrax in the early, insidious stage.

While these data specifically target current guidelines re-
garding the approach to pediatric anthrax, similar limita-
tions exist with regard to pediatric guidelines extrapolated
from adult data for other chemical and bioterrorism
agents.”! We must recognize the paucity of specific pedi-
atric data as we struggle to tailor our approach to this pop-
ulation.
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