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Background: In 2001, powdered spores of Bacillus anthracis were used for bioterrorism attacks in several U.S. cities. In response, the U.S. government implemented
a strategic national stockpile strategy and experimented with household antibiotic kits (HAKs) for emergency use. However, regulatory approval for public distribution of
HAKs was not implemented due to concerns about misuse and potential adverse health effects.

Objective: This study assessed comprehension of key HAK labeling messages, including indication, dosage, contraindications, warnings, and overall safe use of HAK
contents among the general population and first responders. The influence of literacy and socio-economic variables on comprehension of the labels was also evaluated.

Study design: This prospective, open-label, cross-sectional pilot study assessed the comprehension of key HAK labeling messages through one-on-one interviews
using a pre-tested questionnaire. Adults from the general population and first responders in Maryland were recruited for the study; highly trained health professionals
such as doctors, pharmacists, and nurses were excluded. Participants’ health literacy was stratified using the Rapid Estimate of Adult Literacy in Medicine (REALM) tool.

Results: At least 80% of participants from the general population, and a higher proportion of first responders, correctly answered 80% or more of the pre-tested
questionnaire. Participants with a REALM-equivalent literacy level of 7" grade or above demonstrated significantly higher comprehension across all categories of HAK
labeling, while a literacy level of 6th grade or below was a strong predictor of inadequate comprehension.

Conclusion: Comprehension levels of 80% or higher for correct HAK use are comparable to or exceed those for standard prescription medications, supporting its
potential approval for public distribution as an anthrax preparedness measure. However, observed lower comprehension of rates in those with a REALM score sixth grade

or below emphasizes the need for further improvement for HAK labeling and additional interventions to ensure safe and effective use across all demographics.

Introduction

Bacillus anthracis (B. anthracis) is the bacterium responsible
for three forms of Anthrax disease: inhalational, cutaneous, or
gastrointestinal. Inhalational anthrax is the most lethal form,
witharapid progressionand amodern age fatality rate exceeding
50% [1,2]. This pathogen can remain dormant for an extended
period by forming a resilient protective layer (anthrax spores)
and quickly becomes infectious when conditions permit. Since
the mid-1990s, B. anthracis has been considered a likely agent
of biological warfare or terrorism due to its spore-forming
ability, environmental resilience, potent virulence factors,

and ease of deliberate dissemination [3,4]. In 2001, the United
States experienced a bioterrorism attack with dried anthrax
spores spread via mailed letters and packages affecting people
from the District of Columbia, Florida, New Jersey, and New
York. These attacks caused 22 cases, including 10 inhalational
and 12 cutaneous, resulting in five deaths. Despite treatment
with multi-drug antibiotic regimens and intensive supportive
care, the fatality rate was 40% in inhalational cases [5,6].

In 1970, the World Health Organization estimated that a
bioterror attack involving aerosolized anthrax in a population
of 5 million could result in 250,000 casualties, including up
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to 100,000 deaths. The US Office of Technology Assessment
also projected that releasing 100 kilograms of anthrax over
Washington, D.C., could cause 130,000 to 3 million deaths. The
CDC estimated the economic cost of such an attack at $26.2
billion per 100,000 people exposed [4,7,8].

The disease outcomes and severity from exposure to
B. anthracis can be prevented or mitigated effectively by
immediate prophylactic antibiotic treatment given within
24-48 hours of exposure. During the 2001 anthrax attacks,
approximately 10,000 individuals with potential exposures
were advised to initiate prophylactic antibiotic therapy, and
no cases of inhalation anthrax were reported among them
[9,10]. Since 2001, the US government has made progress in
preparation for a potential repeat anthrax attack, and this
success with prophylactic antibiotic therapy was a critical
consideration in planning a national preparedness strategy.
As such, a Strategic National Stockpile (SNS) has been created,
storing 60-day antibiotic regimens to provide treatment for
40 million individuals exposed to inhalation anthrax. The
aim was to establish a country-wide network of warehouses
capable of delivering supplies to any location within 12-24
hours of a federal decision to activate mass distribution [11].
To deliver these countermeasures rapidly during a large-scale
anthrax event five modalities have been proposed (i) classical
points-of-dispensing (PODs) operated by local governments
with federal stockpile support; (ii) residential delivery of
antibiotics via the U.S. Postal Service under Executive Order
13527, with National Postal Model (NPM) volunteers pre-
issued Household Antibiotic Kits (HAKs) under Emergency Use
Authorization (EUA); (iii) community-based pharmaceutical
caches pre-positioned in healthcare institutions to enable rapid
deployment; (iv) pre-event dispensing of medicines to first
responders to ensure readiness; and (v) pre-event household
placement of medical kits containing essential prescription
drugs, to be used only under public health direction [12].

HAK packages include labels intended to guide the general
population in the proper and timely use of antibiotics during
emergencies. However, pre-positioning of HAKs in homes
carries a risk of misuse in the absence of supervision by
a healthcare professional [13]. The appropriate use of the
antibiotics provided in the HAK depends primarily on an
individual’s ability to follow instructions contained in the
package. Almost half of American adults have difficulty
understanding health-related information, medication
instructions, and common symbols or text on drug warning
labels. This is more prevalent among those with low literacy
levels and the elderly, leading to the misuse of prescription
medications and increased risk of adverse drug events [11,14-
20]. The Institute of Medicine (IOM), considering the potential
risks of HAK misuse, did not recommend the development of
an FDA-approved HAK unless it could be demonstrated that the
likelihood of inappropriate use is comparable to that observed
with standard prescription medications [11,21].

To address these concerns, the Biomedical Advanced
Research and Development Authority (BARDA) and the U.S.
Food and Drug Administration (FDA) initiated this pilot

study to evaluate the comprehension levels of a prototype
HAK in English-speaking adults, with particular attention to
individuals with low literacy.

The primary objective of this study was to assess
comprehension of HAK instructions among the general
population. A second cohort of first responders was also
included, as they have an essential role in pre-event
dispensing. Participants’ understanding of key labeling
messages, including indication, dosage, and dosing interval,
contraindications, and antibiotic-related warnings, as well as
broader concepts of safe and appropriate use, such as storage,
child safety, and administration methods were evaluated. In
addition to literacy level, other factors, including age and
other demographics, were analyzed. Findings were intended
to inform policy decisions, improve label clarity, and therefore
enhance preparedness for a future anthrax bioterrorism event.

Materials and methods
Study design

This was a prospective, open-label, cross-sectional study to
assess the comprehension of the key communication messages
from the labels and instructions in the HAK. This medical kit
was modeled after the original HAK used in the Emergency Use
Authorization granted by the FDA to the U.S. Postal Service
(USPS EUA) [22]. While it contained a similar labelled dummy
doxycycline bottle, two documents were added to the HAK used
in this study: a Fact Sheet, and instructions for emergency
mixing of doxycycline hyclate with food for children and adults
who cannot swallow pills; these were modified from the USPS
EUA versions [22].

The study was conducted in two phases. In Phasel, the
draft questionnaire was evaluated by focus group interviews
and modified accordingly for ease of use and understandability.
In brief, the draft questionnaire was developed in accordance
with FDA guidance for label comprehension studies [23] and
refined through focus group interviews to ensure clarity and
usability. This questionnaire contained 25 open- and closed-
ended questions (Q) assessing comprehension of key HAK label
information: (i) valid reasons for medication use (Indication:
Q1-5), (ii) recommended dose and intervals (Dose and Dosing
Interval): Q #6-10, #21-25) (iii) medical reasons to avoid use
of the medication (Contraindications; Qi1-13, 15-17), (iv)
potential serious risks and safety hazards (Warnings; Q #11-14,
18, 20) and (v) overall comprehension for safe and appropriate
use of the drug (Q1-25). Literacy experts from the University
of Maryland School of Pharmacy evaluated the questionnaire
for clarity, usability, and appropriateness in three focus groups
of 6-8 participants each, stratified by literacy levels [24].
Following iterative revisions, the optimized questionnaire
received Institutional Review Board approval from the
University of Maryland School of Medicine.

In Phase 2, the optimized IRB-approved questionnaire
was used as a standardized script to assess each participant’s
comprehension of the key messages conveyed by the HAK labels
and instructions, through one-on-one interviews conducted by
trained research associates. During the interviews, participants
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were provided with a complete HAK, which included a plasticbag
with an outer pocket, a sample doxycycline bottle, the HAK fact
sheet, mixing instructions, a MedWatch Form 3500 cover sheet
[25], and a 10 mL oral syringe. Participants were allowed time
to examine the HAK contents and refer to the materials when
answering the questions. Participants were instructed to circle
their responses from the provided answer choices. At the end
of the interview, participants were invited to offer suggestions
for improving the readability and comprehensibility of the
materials and submit additional comments.

Study population

A total of 600 adult male and female current residents
of Maryland, aged 18 years and older, who can read and
understand English, were enrolled in the study after informed
consent. Among them were a cohort of 106 first responders,
including police officers, firefighters, and emergency medical
technicians (Table 1). Individuals with visual impairments, who
had received prior disaster preparedness training (except first
responders), and healthcare professionals (e.g., physicians,
registered nurses, physician assistants, or dentists) were
excluded from the study. To ensure representation across
age groups, ethnic, racial, cultural, and literacy backgrounds,
including individuals with lower literacy levels, participants
were recruited from communities across the State of Maryland
(Table 1).

Table 1: Study population.

I N S S

General Res::)ic:::iers All
(N = 494) (N = 196) (N = 600)
Gender: [n (%)]
Male 176 (35.6%) | 89 (84.0%)*** 265 (44.2%)
Female 318 (64.4%) 17 (16.0%)  335(55.8%)
Age(years)
Mean(SEM) 43.90(0.72) | 37.97(1.00)%*** 42.85(0.63)
Median 44.0 38.50 42.0
Range(Min-Max) 18.0-84.0 18.0-65.0 18.0-84.0
Ethnic Origin:
[n%)]

Non-Hispanic or

480 (97.2%
Latino ( )

102 (96.2%)" | 582 (97.0%)

Hispanic or Latino 14 (2.8%) 4 (3.8%)\s 18 (3.0%)

Race: [n (%)]
Caucasian 168 (34.0%)

313 (63.4%)

68 (64.2%)*+* 236 (39.3%)

African American 37 (34.9%)**** 350 (58.3%)

Asian 1(0.2%) 1 (0.9%)N 2(0.3%)
Native American 3(0.6%) 0 (0.0)s 3(0.5%)
Other 9 (1.8%) 0 (0.0)" 9 (1.5%)
Location: [n (%)]
Urban 250 (50.6%) 30 (28.3%)**** 280 (46.7%)
Suburban 86 (17.4%) 41 (38.7%)** 127 (21.2%)
Rural 158 (32.0%) 35(33.0%)" 193 (32.2%)

Household
Income [n (%)]

Less than $40,000 363 (73.5%) = 5 (4.7%)** 368 (61.3%)

Sgg';ggso 88 (17.8%) | 45 (42.5%)%+* 133 (22.2%)
$80,000 or Greater 41 (8.3%) 56 (52.8%)**** 97 (16.2%)
Education [n (%)]
Middle School 11 (2.2%) 0 (0.0 11 (1.8%)
High School | 225 (45.5%) 26 (24.5%)*** 251 (41.8%)
GED 29 (5.9%) 0 (0%)** 29 (4.8%)
V°cagzzzzrrade 13(26%)  2(1.9%)%  15(2.5%)
College 216 (43.7%) 78 (73.6%)*** 294 (49.0%)
Work [n (%)]
Part-time 72 (14.6%) 7(6.6%)* 79 (13.2%)
Full-time 183 (37.0%) 96 (90.6%)*** 279 (46.5%)
Student 11 (2.2%) 0 (0%)™s 11 (1.8%)
Work: Other 3(0.6%) 0 (0%)™s 3(0.5%)
Unemployed 105 (21.3%) 2 (1.9%)** 107 (17.8%)
Retired 57(11.5%)  1(0.9%)** 58 (9.7%)
Disabled 61(12.3%)  0(0%)* 61 (10.2%)
No Work: Other 2(0.4%) 0 (0%)Ns 2(0.3%)
REALM Score
Mean (sSEM) 5976 (045) 0_6245;;3** 60.58 (0.39)
Median (Min-Max) 64 (2-66) 66 (54-66) 64 (2-66)
Grade Equivalent
(In (%)]
REALM Score: = Grade Equivalent
0-44 6 or below 39 (7.9%) 0(0%)* 39 (6.5%)
45-60 7ihto g 116 (23.5%) 9 (8.5%)*** 125 (20.8%)
61-66 High school 339 (68.6%) 97 (91.5%)%** 436 (72.7%)

Comparison was made between General Population and First Responders
*:p<0.05, ***: p<0.001, ****: p<0.0001: NS: Not Significant:
Welch'’s t-test for Age and REALM Score; Fisher’s exact test for all other variables.

Literacy level assessment

The participant’s literacy level was assessed using the
Rapid Estimate of Adult Literacy in Medicine (REALM), which
measures the individual’s ability to recognize and pronounce
66 medical terms of varying complexity [24]. Each participant
was assigned a grade-equivalent reading level based on the
number of words they read and pronounced correctly, placing
them into one of three categories: i) below 6% grade, ii) 7™ - 8®
grade, or iii) high school and above.

Endpoint data analysis and statistics

The primary endpoint was the proportion of participants
who demonstrated satisfactory comprehension of the HAK
labels, defined as correctly answering at least 80% of the
questionnaire items assessing the key communication
messages. Multiple regression and cluster analyses were
performed to identify significant patterns of comprehension
across different subgroups of the study population. The Chi-
square or appropriate t-test was applied to compare between

two groups.
(5]
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Results

In this study, the general population (N = 494) and first
responders (N = 106) represented 82% and 18% of the total 600
participants, respectively (Table 1). Compared with the general
population, the first responder cohort was predominantly
male, Caucasian, and suburban, with higher household income,
full-time employment, and higher educational attainment,
including college education (p < 0.0001 for all variables, Table 1).
A majority (93.5%) of the participants demonstrated a literacy
level equivalent or above 7"-grade level (high grades; REALM
score 45-66), while 7.9% of the general study participants (39
out of 494) had literacy grade equivalent to 6™ grade or lower
(low grade; REALM score 0-44) (Table 1).

The questionnaire was designed to assess the comprehension
of HAK labels by measuring the correct responses to each
of the sets of questions aimed at four key messages among
the participants. The net scoring averages calculated from
the percentage of correct responses among both the general
population, and first responders were 84.5% or higher
(Figure 1). As expected, when compared with the general
population, first responders demonstrated significantly higher
comprehension across key message categories, including
Indication (p = 0.0006), Dose and Dosing Interval (p < 0.001),
and Warnings (p < 0.0001), as well as Overall comprehension
for safe and appropriate use of the drug (p = 0.0001; Figure
1). More than 80% of the participants in general population
and a significantly higher percentage of participants in first
responders correctly answered 80% of the questions for each
of the four key messages, as well as for overall comprehension
of the HAK label (Table 2).

Comprehension rates for each of the four key messages and
overall comprehension, for the safe and appropriate use of the
drug (as described above) were further analyzed according to
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Figure 1: Percentage of correct responses in recruited participants by group. The
questionnaire consisted of 25 questions (Q) assessing four key messages on the
label: Indication (Q1-5, N = 5), Dose and Dosing Interval (Q6-10, 21-25, N = 10),
Contraindications (Q11-13,15-17; N = 6), and Warnings (Q11-14, 18, 20; N = 6), as
well as overall comprehension for Safe and Appropriate Use of the drug (Q1-25; N

= 25). Data are presented as mean + SEM of the percentage of correct responses
provided by participants, stratified into the general population and first responders.
Horizontal Broken line represents 80% cutoff. Percentages were calculated as:
(number of correct answers + N of questions in each category) x 100. *p < 0.001, **
p < 0.0001 by two-way unpaired t-test.

General Population
(N =494)

Table 2: Comprehension rate for each of the primary communication category.

First Respondersn

(N =106)
Comprehension Category n n
(Relevant Question Numbers) (%) 95%Cl. (%) 95% C.I.
1. Indication 401 77.7-84.6 105 97.2-100.0
(Questions #1-5) (81.2%) (99.1%)**
2. Dose and Dosing Interval 400 77.5-84.4 104 95.5-100.0
(Questions #6-10, #21-25) (81.0%) (98.1%)**
3. Contraindications 456 90.0-94.7 105 97.2-100.0
(Questions #11-13, #15-17) (92.3%) (99.1%)*
4. Warnings 402 77.9-84.8 102 92.6-99.9
(Questions #11-14, #18, #20) (81.4%) (96.2%)*
5. Overall: Safe and Appropriate 308 771-84.1 106 100.0-100.0

Use
(Questions #1-25) (80.6%) (100.0%)**

N: Total number of participants, n: number of participants who answered =80% of
questions correctly % calculation: (n/N)x100 C.I: Confidence Interval .
*:p < 0.01;**: p < 0.0001: Fishers test 2 ways.

100
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Figure 2: Percentage of correct responses stratified by literacy grade equivalent.
Shown are responses to questions addressing the four key communication
messages e.g., Indication, Contraindication, Dose and overall Comprehension for
safe and appropriate use of the drug (as described in the Methods) among all
participants (N = 600) stratified by literacy grade equivalent of 6% grade and below

(=6™), 7" to 8™ grade (7*-8t") and High school and above (HS). Data are presented
as mean with upplimits of 95% Confidence Interval (error bars). Horizontal Broken
line represents 80% cutoff Percentage calculation: [number of correct answers +
number of total questions in each category (see method)] x 100. p values were
determined comparing the <6™ with both 7-8"" and HS groups,**p < 0.0001 (two-
tailed t-tests).

literacy grade equivalents among all the participants (Figure
2). Literacy level of all the participants was assessed using the
REALM instrument (Methods; Table 1) and categorized into
three groups: < 6™ grade, 7% — 8% grade, and = high school.
Participants in the higher literacy groups (7% — 8% grade and
> high school) correctly answered > 80% of the respective
questions assessing understanding of Indication, Dose/
Dosing Interval, Contraindications, Warnings, and Overall
comprehension on safe and appropriate use of the drug. In
contrast, participants with < 6% literacy grade scored below
80% across all categories except for Contraindications (Figure
2). The average comprehension scores across all key messages
including contradictions and overall comprehension on safe
and appropriate use of the drug assessment, were significantly
lower (p < 0.0001) among participants with < 6™ grade literacy
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compared with those in the 7" — 8 grade or = high school
groups (Figure 2). In addition, for all four primary and overall
comprehension, the lower limit of the 95% CI fell below 80%
for the 6™ grade and below level (Figure 2).

Discussion

Inhalational anthrax remains a major concern of public
health agencies in a bioterrorism emergency. In 2023, the FDA
approved a newer adjuvanted version of the anthrax vaccine
(Cyfendus AVA, adjuvanted) [26]. However, this requires two
intramuscular doses given two weeks apart in conjunction
with antibiotics. This vaccine is not recommended for children
or pregnant women. Anthrax immune globulin is another
addition to the anthrax treatment armamentarium, but is not a
preventive measure and is recommended for the treatment of
inhalational anthrax in a critical care setting [27].

Rapid and timely distribution of FDA-approved medications
to prevent clinical anthrax (e.g., doxycycline) can be achieved
through direct residential delivery of HAK via pre-deployed
community-based caches and pre-event dispensing to first
responders. While these approaches could support an effective
response during an anthrax attack, approval of the FDA for use
of HAK is not available due to concerns of potential adverse
outcomes resulting from the misuse of HAK [11,21]. This concern
is supported by studies showing that a substantial portion of
U.S. adults struggle to interpret health information [17,18].
The current pilot study was conducted to provide information
to the FDA on a prototype HAK and the comprehension of its
labels and proper use by the general population.

The participants representing the general population were
recruited from Maryland communities. Additionally, a cohort
of first responders was included in the study, as they are likely
to serve as a critical resource for the pre-event distribution
of HAKs and a source of information during a bioterrorism
emergency. The REALM, a validated reading recognition test for
identifying low health literacy [24] was used as a stratification
tool to classify participants by literacy level and examine
potential predictors of comprehension outcomes measured
by the questionnaire. The questionnaire used to assess HAK
comprehension was developed with literacy experts and pre-
tested in small focus groups to ensure clarity and reliability.

Adequate comprehension of the HAK label was
demonstrated by more than 80% of participants overall,
including both the general population and first responder
cohorts, as measured by correct responses to = 80% of items
addressing four primary communication domains (indications,
dosing and interval, contraindications, and warnings), as
well as the overall composite comprehension for safe and
appropriate use of the drug core. As expected, comprehension
rates were higher among first responders compared with the
general population. In summary, when exposed to the medical
information contained in the HAK, a majority of the general
population was able to adequately understand the primary
communication messages to make appropriate use of the drug.
These findings are encouraging, as they suggest that concerns
about potential misuse of antibiotics in HAKs due to labeling

misunderstanding are no greater than those reported for
commonly used prescription labels [19]. Moreover, the strong
performance of first responders supports their potential role in
pre-event HAK dispensing and in providing accurate guidance
to the public during an anthrax bioterror emergency.

REALM grade equivalency has been validated as a key
predictor of comprehension of medical information, including
prescription use [24]. Consistent with previous studies, our
findings showed that participants with REALM level at 6th-
grade or below had lower comprehension of the HAK labeling
compared with their peers at grade levels 7% or higher [28].
Analyses of socioeconomic factors further suggested that certain
subpopulations experienced difficulty with understanding HAK
information. However, definitive and statistically significant
identification of all predictors, including age, gender, ethnic
origin, cultural, work level, etc., for lower comprehension was
limited by the relatively small sample size of this pilot study.
Although we targeted a larger sample size at the lowest grade
level, the study’s limited scope constrained the number of
participants screened and overall recruitment. Only 7.9% of
general population participants were at the 6™ grade level or
below; larger future studies can achieve greater representation
of this segment of the population.

The findings from this pilot study provide information
that may improve the design of future HAK models as a
strategic preparedness measure against anthrax. Individuals
with a 6th-grade or lower literacy level demonstrated limited
comprehension of HAK materials, emphasizing the need
for additional efforts to effectively communicate with these
vulnerable populations. Comprehension may be improved
by enhancing visual aids, such as cartoons, or incorporating
audiovisual materials to clarify key messages. Nevertheless, in
the event of an emergency, HAK recipients would also be exposed
to supplementary governmental public health communications
via television, radio, and the internet, which would reinforce
instructions and promote appropriate use. Another important
consideration is that HAKs contain doxycycline in tablet
form; children and individuals unable to swallow pills may
require crushed tablets. Given doxycycline’s bitter taste,
HAK instructions should include guidance on administering
crushed tablets with common household foods or beverages
to improve palatability and compliance. This pilot study for
anthrax preparedness was conducted following FDA guidance
for label comprehension studies [23]. The methodology used
here can serve as a foundation for larger-scale studies, and
the observations made could inform and enhance bioterrorism
preparedness strategies for other potential biological threats.

Implications for policy & practice

e The risk of misuse of HAK due to low comprehension
of the label instruction, among the general population
were found to be no greater than those already reported
for prescription drugs.

e Limited comprehension of HAK instructions was mostly
observed among those who had a medical literacy level
at sixth-grade or below. Therefore, additional targeted
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measures, such as inclusion of graphic instructions
inside the kit, simplified visuals, cartoons, or audiovisual
aids, will be needed to ensure improved comprehension
and safe and effective use in these vulnerable groups.

o Additionally, government communication tools,
including television, radio, and internet messaging, can
be utilized to promote comprehension and proper HAK
use during actual emergencies.
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