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Background: Controlling monkeypox effectively requires clinicians have knowledge of monkeypox, atti-
tudes supporting of controlling it, and intentions to adopt practices to address it. Little is known, however,
about levels of knowledge, attitudes, and practices (KAPs) in clinician populations in Ohio, United States.

Methods: A cross-sectional, internet-based questionnaire assessed knowledge related to monkeypox, atti-
tudes toward ability to control monkeypox and the threat of monkeypox, and prior relevant practices of

ﬁgﬁfgﬁ;gx having received a smallpox vaccine or having knowledge of monkeypox before 2022, intentions to adopt
Knowledge preventive practices, and demographics. Frequency reporting was used to assess overall knowledge and
Attitudes attitudes. Binary logistic regression was used to predict which KAPs were associated with behavioral in-
Practices tentions.

Ohio (US state) Results: A total of 197 clinicians participated. No demographic factor was associated with KAPs. Clinicians
had relatively poor levels of knowledge. Participants expressed mixed attitudes about eventual control of
monkeypox and about threat posed by monkeypox. About one in four participants reported previous
knowledge of monkeypox, and about 40 % had received a smallpox vaccine Clinicians reported insufficient
levels of intention to adopt preventive practices. Binary regression analysis suggests only perceptions of the
threat of monkeypox to public health were associated with intentions to vaccinate self or others.
Conclusions: Educational interventions with clinicians should address inadequate knowledge to support
correct diagnosis and treatment. Efforts to enhance the perception of threat of monkeypox to public health
may support adherence to preventive recommendations.
© 2022 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health
Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/li-
censes/by-nc-nd/4.0/).

Introduction

Monkeypox, a zoonotic disease, was first diagnosed in a human
in 1970 in the Democratic Republic of Congo (DRC) [1]. The disease
became endemic in the DRC and spread to neighboring countries in
Centra and West Africa [2]. The first case outside of Africa was re-
ported in 2003, but that case was associated with the importation of
infected exotic animals [3]. Although monkeypox was thought to be
largely contained in Africa, a systematic review published in early
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2022 noted that, due to waning immunity from discontinuing
smallpox vaccination and greater human-wildlife interactions, out-
breaks of human-to-human monkeypox were increasingly likely and
that “the public health importance of monkeypox disease should not
be underestimated” [4].

In May 2022, this outbreak occurred [5]. Since the beginning of
the year, cases of monkeypox were found in more than 100 countries
and in all 6 World Health Organization (WHO) regions [6]. The WHO
reported that, as of September 19, 2022, more than 61,000 labora-
tory-confirmed cases of monkey pox had been identified [G]. The
United States was the most impacted country, experiencing 22,957
of these cases. 187 of these cases were in Ohio as of September 19.
Although monkeypox is not as deadly as some diseases, the case
fatality rate was initially estimated to be around 3-6 %, making the
rising number of cases a concern |[7]. Fortunately, standard
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protective practices help to prevent the spread of monkeypox, and
effective vaccinations and treatments exist [8,9].

Although vaccines and treatments are available, the WHO argues
that human-to-human spread of monkeypox can best be controlled
by effective public health surveillance and through early diagnosis
and effective care provided by clinicians [10]. This recommendation,
however, requires that clinicians have sufficient knowledge to di-
agnose and treat monkeypox [11]. The WHO, as well as national and
local health agencies, have sought to distribute information to make
clinicians more knowledgeable [12]. Prevention and treatment of
infectious disease often requires going beyond providing informa-
tion [13-15]. Adoption of preventive measures, particularly in the
context of infectious disease, is largely determined by knowledge of
the disease, attitudes toward prevention, and intentions to adopt
recommended practices [16-20]. Collectively, knowledge, attitudes,
and practices are referred to as KAPs.

In this study, we explored KAPs related to monkeypox in a clin-
ician population in the US state of Ohio to inform the design of ef-
fective clinician education and disease control strategies in the
context of the current outbreak.

Material and methods
Participants

All data for this study were collected online from September
2-11, 2022 in the state of Ohio. Ohio was chosen for two reasons.
First, Ohio is often considered a representative state for the US,
serving as a social and political bellwether for the country [21].
Second, Ohio was a relatively naive site for monkeypox, having not
yet experienced many cases. This naivety would make prior treat-
ment of monkeypox by clinicians very unlikely, and Ohio’s bell-
wether status may reflect how providers in other parts of the US are
likely to respond to monkeypox. The Ohio Department of Health
Monkeypox dashboard was updated for the first time on September
1, 2022 [22], while the first reported death directly attributable to
monkeypox in the United States was reported on September 12 [23],
making these appropriate bookends for data collection. A list of all
preceptor clinicians associated with a university health system was
obtained. All clinicians associated with the health system were
emailed an invitation to participate on September 2, and a second
invitation was sent September 5. Clinicians aged 18 or greater, in-
terested in participating, were asked to click the link to an online
description of the study hosted on a Qualtrics platform.

Participants were informed that the study was anonymous and
voluntary. After reading an informed consent form approved by a
University IRB (#22-E-211), participants were directed to the ques-
tionnaire. Following standard guidelines for binomial testing [24], to
detect medium effects (g > 0.15) where statistical significance is set a
a < 0.05 and power at g = 0.95, a minimum sample size of 145 was
required.

Measures

The KAP questionnaire employed in this study was based on
measures developed for cross-sectional studies conducted among
clinicians in Italy by Ricco and colleagues [25] and among the gen-
eral public in Saudi Arabia by Ashrani and colleagues [2G]. The
English-language versions of their questionnaire items were adapted
to the US context.

The first part of the questionnaire consisted of knowledge items
see Table 1). Following Ricco et al., the knowledge component had
23 questions knowledge of prevention, diagnosis, treatment, and
potential outcomes of monkeypox. For true/false questions, partici-
pants could answer “true”, “false”, or “do not know.” For multiple
choice questions, participants were asked to select the correct
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answer from a list of options. Each correct answer was assigned 1
point; incorrect answers or unknown answers were assigned 0
points. A participant could receive a total knowledge score ranging
from 0 to 23; higher scores indicate better knowledge monkeypox.

The second part of the questionnaire assessed attitudes related to
monkeypox. Although Ricco et al. used a single item each to assess
attitudes about monkeypox risk and about optimism toward control
of monkeypox, we followed Ashrani et al. in using three items to
assess each attitude. These items were measured on a Likert-type
scale ranging from (1) strongly disagree to (5) strongly agree scale.
Participants were asked to rate their agreement with statements
about their perceptions of the risk of monkeypox (i.e., “Monkeypox
infection in the United States is a sever public health threat;” “I fear
the monkeypox might become a worldwide pandemic;” “I fear that
monkeypox will add extra burdens to our healthcare system”). The
three items formed a reliable scale (« = 0.76). The values reported by
a participant were summed and divided by the number of items to
create a composite mean for the scale of that participant’s risk
perceptions. Participants were also asked about their attitudes re-
lated to eventual control of monkeypox i.e., “I am confident that the
world population can control monkeypox worldwide;” “I am con-
fident that the US government can control monkeypox within the
US;” and, “I am confident that state and local governments can
control monkeypox locally”). These three items also formed a reli-
able scale (« = 0.87). The values reported by a participant were
summed and divided by the number of items to create a composite
mean for the scale of that participant’s perceptions of controllability.

Third, intended practices were assessed using 2 items regarding
behaviors. Adapted from Ricco et al., we asked participants whether
they would favor delivering the smallpox vaccine to their patients
for the prevention of smallpox and whether they would personally
receive the smallpox vaccine to prevent smallpox. These intentions
were measured on a Likert-type (1) strongly disagree to (5) strongly
agree scale.

The final part of the questionnaire consisted of demographic
variables and self-reports of prior behaviors. These included year of
birth, year of graduation from medical school, self-identified gender,
self-identified race, and medical specialty. We also asked partici-
pants whether they had knowledge of monkeypox prior to 2022, if
they had university or medical school instruction related to mon-
keypox, and whether they had been previously vaccinated for
smallpox, COVID-19 and seasonal influenza. Previous vaccination for
smallpox and knowledge of monkeypox prior to 2022 were treated
as relevant prior practices to intentions related to giving or receiving
the smallpox vaccine to prevent monkeypox.

Statistical analysis

Frequencies of correct answers were described (see Table 1).
Independent-samples t-test and one-way analysis of variance
(ANOVA), as appropriate, were used to compare members of dif-
ferent demographic grouping’s knowledge scores and attitudes. Chi-
square tests and Fisher’s exact testing were used to compared dif-
ferent demographic groups on having already received a smallpox
vaccine and having knowledge of monkeypox prior to 20220n. Prior
to running any t-test, normality of data was assessed with the Kol-
mogorov-Smirnov test. All data were sufficiently normal (p > .05).
Before running any ANOVA, homogeneity of variance was assessed.
Medical specialty means and mean differences were not assessed
because there was insufficient homogeneity of variance, likely owing
to the large number of medical specialties assessed. For parallel
structure, we did not assess associations between medical specialty
and vaccination intentions.

We used binary logistic regression analyses to identify KAP fac-
tors associated with each practice. Continuous variables were
knowledge and attitudes. Dichotomous variables of having received
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Table 1
Knowledge related to monkeypox (N = 197).
Questions Correct rate, % of Options®
total
Monkeypox is caused by a newly discovered virus 181, 91.9 % True, False, Don’t Know
The monkeypox virus circulates only among primates, including humans 85,431 % True, False, Don’t Know
In most cases, monkeypox evolves in an uncomplicated influenza-like illness 57,289 % True, False, Don’t Know
Monkeypox infections are associated with typical skin lesions 176,89.3 % True, False, Don’t Know
Asymptomatic individuals are critical in circulating monkeypox 72,36.5 % True, False, Don’t Know
Until recently, US cases of monkeypox have been mostly travel-related 160, 81.2 % True, False, Don’t Know
An effective vaccine against monkeypox is to date available 174, 88.3 % True, False, Don’t Know
Effective drugs targeted monkeypox are to date available 52,416 % True, False, Don’t Know
Recipients of the smallpox virus vaccine do not need further vaccination shots to be protected against 78,39.6 % True, False, Don’t Know
monkeypox
Monkeypox may be transmitted through (a) respiratory droplets, (b) personal skin to skin contact, (c) 119, 60.4 % A B CDE
bodily fluids, (d) touching objects (e.g., clothing, bedding, or towels) that have been used by someone
with monkeypox, (e) all of the above
The case fatality rate of monkeypox usually ranges between 144,731 % 4-11 %, 14-19 %, 20-30 %, 30-40 %,
Don’t Know
Globally, monkeypox in the last decade (2010-2020) has caused around ____ cases 38,193 % <1000, 1000-10,000, > 10,000,
Don’t Know
Monkeypox is associated with a high rate of systemic complications 19,9.6 % True, False, Don’t Know
Monkeypox causes a less severe illness in children (age < 14 y.o.a.) than in adults 36,183 % True, False, Don’t Know
Monkeypox infection is usually associated with (a) cervical and/or inguinal lymphadenopathy, (b) 59,299 % A B C
atypical, in axillary and/or groin nodes, lymphadenopathy, (c) a not noticeable lymphadenopathy
The skin rash associated with monkeypox is usually asynchronous 46,234 % True, False, Don’t Know
Surface extension and profusion of monkeypox-associated skin lesions are of prognostic value 76, 38.6 % True, False, Don’t Know
Monkeypox-associated skin lesions may be differentially diagnosed as which of the following according 100, 50.8 % A, B,CD,EF
to their stage: (a) varicella/varicella-zoster, (b) typhus, (c) molluscum contagiosum/water warts, (d)
syphilis, (e) herpes simplex, (f) all of the above
Standard preventive measures are effective in preventing monkeypox infection 162, 82.2 % True, False, Don’t Know
You are presented with a clinical case characterized by: (1) atypical skin rash; (2) cervical 154, 78.2 % Confirmed, Probable, Doubtful,
lymphadenopathy, and, (3) patient-reported travel to countries endemic for monkeypox. This is a Don’t Know
case of monkeypox.
You are presented with a clinical case characterized by: (1) generalized or localized skin rash, either 106, 53.8 % Confirmed, Probable, Doubtful,
maculopustular or vesicopustular; (2) umbilicated skin lesions; and, cervical lymphadenopathy. This Don’t Know
isa case of monkeypox.
The case fatality rate of smallpox usually ranged between 16,81 % 4-11 %, 14-19 %, 20-30 %, 30-40 %,
Don’t Know
The monkeypox virus is able to survive for several days on contaminated surfaces 75,381 % True, False, Don’t Know

2 Correct answers bolded.

the smallpox vaccine or not and having knowledge of monkeypox
before 2022 were coded where not having received the vaccine was
coded as the reference group (i.e., no vaccine = 0, having received a
smallpox vaccine = 1) and reporting no prior knowledge was coded
as the reference group (i.e., no prior knowledge = 0 and having prior
knowledge = 1). Knowledge, attitudes, smallpox vaccination status,
and self-report of prior knowledge of monkeypox were entered as
factors, and these factors were selected with an enter method to
avoid both inflationary and deflationary effects. Odds ratios (ORs),
and their 95 % confidence intervals (Cls), were used to assess the
associations. All data analyses were conducted with SPSS version
26.0. The statistical significance level was set at p < .05.

Results

The recruitment email was sent to 2423 addresses of clinicians
associated with the university health system. Of these, 628 ad-
dresses returned as invalid or undeliverable, resulting in a pool of
1795 potential participants. A total of 202 individuals consented to
participate in the survey. After removing participants who skipped
all substantive questions (n = 5), 197 individuals were retained. This
final sample represented 10.97 % of the potential participants. The
sample was majority male (113, 57.4 %) and mostly white (150, 76.1
%). Participants ranged from 26 to 75 years of age (Mean = 50.04, s.d.
= 12.35). The clinicians had between 4 and 49 years of practice
(Mean = 21.94, s.d. = 11.09). All medical specialties were represented,
with the largest group being family practice clinicians (53, 26.9 %). A
majority of participants (109, 55.3 %) reported not having been
vaccinated against smallpox. In reference to prior relevant practices,

1461

most participants reported having no knowledge of monkeypox
prior to 2022 (148, 75.1 %) and having received no university-level
instruction on monkeypox (169, 85.8 %). Nearly all participants had
been vaccinated against COVID-19 (191, 97.0 %) and seasonal influ-
enza (188, 95.4 %). Full demographic characteristics are shown in
Table 2.

The correct answer rates for the 23 questions on the monkeypox
knowledge questionnaire ranged from very low (e.g., only 8.1 % an-
swering correctly that the case fatality rate of smallpox usually
ranged between 30 % and 40 %) to strong knowledge (with 91.9 %
answering correctly that monkeypox is not a newly discovered
virus). Table 1 reports correct answer rates for each item. The mean
knowledge score, however, was a paltry 11.24 (s.d. = 3.36; range:
2-18), suggesting relatively poor knowledge related to monkeypox.
No significant differences in knowledge among demographic
groupings were found (see Table 3). Of particular concern to clinical
practice are the high rates of incorrect answers related to the asso-
ciation of systemic complications with monkeypox, the transmission
pathways for monkeypox, the existence of effective drugs that can
target the monkeypox virus, of the efficacy of previous smallpox
vaccination as a preventive, and the high rates of underdiagnosis of
probable cases of monkeypox from clinical descriptions.

The participants, overall, had middling attitudes related to
monkeypox. Participants neither agreed nor disagreed that mon-
keypox was a substantial risk (M = 3.07, s.d. = 1.01). Participants also
expressed neither confidence nor lack of confidence in the eventual
control of monkeypox (M = 3.00, s.d. = 1.11). No significant differ-
ences were found in either attitude among demographic groupings
(see Table 3). To examine practice intentions related to public
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Table 2
Demographic characteristics.

Characteristics No. (%)

Gender
Male 113 (57.4 %)
Female 69 (35.0)
Non-binary/Third gender 4 (2.0)
Declined 3(1.5)

Racial identification
White 150 (76.1 %)
Black/African American 7 (3.6 %)
American Indian or Alaskan Native 1(0.5 %)
Asian or Asian American 13 (6.6 %)
Other 14 (71 %)
Declined 12 (6.1 %)

Medical Specialty
Anesthesiology 4(2.0 %)
Dermatology 2(1.0%)
Emergency Medicine 26 (13.2 %)
Family Practice 53 (26.9 %)
Internal Medicine 25 (12.7 %)
Neurology & Psychiatry 8 (41 %)
Neuromusculoskeletal Medicine 1(0.5 %)
Obstetrics & Gynecology 9 (4.6 %)
Ophthalmology & Otolaryngology 2 (1.0 %)
Orthopedic Surgery 2 (1.0 %)
Pediatrics 16 (8.1 %)
Preventive Medicine 1(0.5 %)
Surgery 16 (8.1 %)
Something Else 23 (11.7 %)
Declined 9 (4.6 %)

Received university-level instruction on

monkeypox

Yes 17 (8.6 %)
No 169 (85.8 %)
Don’t Know/Declined 10 (5.1 %)

Had knowledge of monkeypox before 2022
Yes 49 (24.9 %)
No 148 (75.1 %)
Don’t Know/Declined 0 (0.0 %)

Received smallpox vaccine
Yes
No
Don’t Know/Declined
Received COVID-19 vaccine

80 (40.6 %)
109 (55.3 %)
8 (41%)

Yes 191 (97.0 %)
No 4(2.0%)
Don’t Know/Declined 2 (1.0 %)

Received seasonal influenza vaccine in 2021

Yes 188 (95.4 %)
No 7 (3.6 %)
Don’t Know/Declined 2(1.0%)

Year of Birth (Range 1947-1996)

Year of Graduation from Medical School (Range

1973-2018)

Median = 1972, s.d.
1235y

Median = 2000, s.d.,

11.09y

vaccination, strongly disagreeing with, disagreeing with, or being
neutral about delivering the smallpox vaccine to the public for the
prevention of monkeypox infection were coded as not intending to
deliver it. Agreeing with or strongly agreeing with delivering the
vaccine to the public was coded as intending to deliver it. A majority
of the participants (n = 114; 57.9 %) intended to deliver the vaccine.
Respondent’s intentions to deliver the vaccine did not differ by any
demographic variable (see Table 4). Their intentions to deliver the
vaccine did not differ on relevant prior practices of having received a
smallpox vaccine or having prior knowledge of monkeypox. The only
significant association was that individuals who had been vaccinated
against COVID 19 were more likely to be willing to vaccinate others.
Although this difference was statistically significant, the effect size
was nearly non-existent (Cramer’s v = 0.0052). Overall, the binary
logistic regression model applying KAP factors successfully classified
67.7 % of cases and explained about 12 % of all variance in intentions
to deliver the vaccine to the public (Nagelkerke R? =.123). Binary
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logistic regression revealed that actual knowledge related to mon-
keypox, attitudes related to the control of monkeypox, self-reported
prior knowledge of monkeypox, and previous vaccination with the
smallpox vaccine were unrelated to practice intentions (see Table 5
for a full report of these results). Of KAP variables, only attitudes
related to the perceived risk of monkeypox on public health were
related to practice intention. Persons who saw monkeypox as a
higher risk were more likely to intend to deliver the smallpox vac-
cine to the public for prevention of monkeypox (OR: 1.64; (95 % CI:
1.17, 2.28), p = .004).

Similarly, to examine personal intentions to become vaccinated,
strongly disagreeing with, disagreeing with, or being neutral about
receiving the smallpox vaccine were coded as not intending to re-
ceive it. Agreeing with or strongly agreeing with receiving the vac-
cine to the public was coded as intending to receive it. Just over half
of the participants (n = 101; 51.7 %) intended to not receive the
vaccine. Respondent’s intentions to receive the vaccine did not differ
by any demographic variable or prior practice variable (see Table 4).
Overall, the binary logistic regression model applying KAP factors
successfully classified 65.6 % of cases and explained about 21 % of all
variance in intentions to receive the vaccine (Nagelkerke R? =.214).
Similar to intentions to deliver the vaccine, binary logistic regression
revealed that actual knowledge related to monkeypox, attitudes
related to the control of monkeypox, self-reported prior knowledge
of monkeypox, and previous vaccination with the smallpox vaccine
were unrelated to practice intentions (see Table 6 for a full report of
these results). Only attitudes related to the perceived risk of mon-
keypox on public health were related to practice intention. Persons
who saw monkeypox as a higher risk were more likely to intend to
receive the smallpox vaccine for prevention of monkeypox (OR:
2.49; (95 % CI: 1.71, 3.63), p < .001).

Discussion

This study was conducted during the early monkeypox outbreak
in the United States, and at a point where the US represented a
plurality of the worldwide cases of the disease. These findings out-
line areas that should be addressed among clinicians to help prevent
the spread of monkeypox.

First, it seems likely that there are gaps in clinicians’ under-
standing of monkeypox. Although intentions to vaccinated were not
associated with knowledge, adequate knowledge of monkeypox is
important to clinician’s abilities to diagnose and treat the disease. On
average, clinicians in this Ohio, USA sample correctly answered 48.9
% of the knowledge questions correctly (i.e., 11.23 correct answer out
of 23 questions). Similarly, practitioners in Ricco et al.’s [25] Italian
sample answered about 51.8 % of the knowledge questions correctly.
Although Alsharani and colleagues used a different measure of
knowledge in their study among Saudi physicians [27], they too
found inadequate knowledge. Similar findings were found in In-
donesia, where, only 36.5 % of general practitioners had adequate
knowledge of monkeypox in a study that considered 70 % correct
answers to be adequate knowledge [28]. Beyond identifying gaps in
knowledge, it may be important to find the most relevant gaps in
knowledge for the specific clade of monkeypox experienced by a
particular nation. For example, Alsharani’s study engaged a clade of
monkeypox that is associated with zoonotic mechanisms of infec-
tion (e.g., migration, travel, and exotic animal trading) [27], while the
American and European clade appears to be emerging as a sexually
transmitted infection [29]. These different pathways may make
different kinds of knowledge more relevant for prevention, diag-
nosis, and treatment of monkeypox in specific contexts.

Significantly, our findings indicate that multiple areas of physi-
cian practice should be addressed. Although the study teams led by
Ricco [25], Alsharani [27] and Harapan [28] engaged in cross-sec-
tional studies of a small set of the practitioners, mostly general
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Table 3
Tests of difference in mean knowledge, risk attitudes, and controllability attitudes among demographic groupings.
Characteristics Knowledge t/F Risk Attitudes t/F Controllability Attitudes t/F
Mean, s.d. Mean, s.d. Mean, s.d.

Gender 0.695 -1.044 -0.241
Male 11.35, 3.29 3.03, 1.02 3.00, 1.012
Female 10.99, 3.53 3.19,1.04 3.04, 1.10

Racial identification 0.782 1.654 0.125
White 11.04, 3.44 3.03, 1.05 3.07,1.09
Black/African American 11.29, 2.93 3.05, 0.41 3.14, 0.86
American Indian or Alaskan Native 14.00, 0.00 3.67, 0.00 3.67, 0.00
Asian or Asian American 12.31, 3.75 3.56, 1.13 3.00, 1.37

Received university-level instruction on monkeypox 1.344 -1.285 0.096
Yes 12.41, 2.76 3.74, 093 3.02, 1.04
No 11.28, 3.35 3.08,1.04 299,113

Had knowledge of monkeypox before 2022 2.008 0.786 -1.157
Yes 11.35, 2.91 3.17, 0.97 2.79,10.7
No 10.58, 3.22 3.04,1.03 3.07,1012
Don’t Know/Declined

Received smallpox vaccine 1.099 -0.037 1.780
Yes 11.66, 3.39 3.05,1.03 317,116
No 11.13,3.23 3.06, 1.01 2.88,1.08

Received COVID-19 vaccine -0.893 -0.771 -0.443
Yes 11.36, 3.40 3.12, 0.99 3.00, 1.12
No 12.25, 1.50 3.50, 0.64 3.25,0.74

Received seasonal influenza vaccine in 2021 0.090 1.247 -1.230
Yes 11.26, 3.36 3.10, 1.00 299,112
No 11.14, 4.22 2.62,1.18 3.56, 1.05

Note: Third gender, “other” ethnic identification, “something else” and “other” medical specialization and all don’t know and declined answers removed from analysis. Significant
differences/associations are in bold.

Table 4
Tests of associations between intention to vaccinate outcomes with demographic and prior practice variables.
Characteristics Willing to Vaccinate Not Willing  Chi-Square Willing to Not Willing  Chi-Square
Others Value Vaccinate Self Value

Gender 0.010 2.100
Male 68 45 53 60
Female 41 28 40 29

Racial identification 5.943% 1.829°
White 59 91 75 75
Black/African American 1 6 3 4
American Indian or Alaskan Native 1 0 0 1
Asian or Asian American 8 5 8 5

Received university-level instruction on 0.247 1.084

monkeypox

Yes 9 8 6 1
No 100 69 82 87

Had knowledge of monkeypox before 2022 1.254 1.244
Yes 25 24 20 29
No 89 59 74 74

Received smallpox vaccine 1.054 2470
Yes 50 30 43 37
No 60 49 46 63

Received COVID-19 vaccine 5.748" 3.8017
Yes 114 77 94 97
No 0 4 0 4

Received seasonal influenza vaccine in 2021 0.005" 11217
Yes 110 78 92 96
No 4 3 2 5

Note: Third gender, “other” ethnic identification, “something else” and “other” medical specialization and all don’t know and declined answers removed from analysis. Totals will
not add to 197. *Where cell counts <5, § = Fisher’s exact test used to assess significance. Significant associations are in bold.

Table 5

Binary logistic regression of predictors for delivering vaccine to prevent monkeypox.
Predictor B SE Wald Sig. Exp (B) 95 % CI
Knowledge 0.094 0.051 3.368 0.066 1.099 0.994-1.216
Risk Attitudes 0.492 0.170 8.379 0.004F 1.635 1.172-2.281
Control Attitudes -0.012 0.150 0.007 0.0935 0.988 0.737-1.325
Smallpox Vaccination Status (ref = unvaccinated) -0.231 0.323 0.512 0.474 0.794 0.422-1.494
Pre-2022 Knowledge (ref = no prior knowledge) 0.743 0.392 3.579 0.059 2.101 0.974-4.535

*model Nagelkerke R? = .123.
frelationship significant at p < .05

1463



B.R. Bates and M,J. Grijalva

Journal of Infection and Public Health 15 (2022) 1459-1465

Table 6

Binary logistic regression of predictors for receiving vaccine to prevent monkeypox.
Predictor B SE Wald Sig. Exp (B) 95% Cl
Knowledge 0.025 0.052 0.221 0.638 1.025 0.925-1.135
Risk Attitudes 0.912 0.192 22.491 <0.001f 2.489 1.707-3.627
Control Attitudes 0.204 0.157 1.688 0.194 1.227 0.901-1.669
Smallpox Vaccination Status (ref = unvaccinated) -0.408 0.329 1.531 0.216 0.665 .0349-1.269
Pre-2022 Knowledge (ref = no prior knowledge) 0.581 0.407 2.044 0.153 1.789 0.806-3.969

*model Nagelkerke R? = .214.
frelationship significant at p < .05

practitioners, our findings indicate that knowledge gaps exist across
heterogenous specialties. Since a potential patient may present be-
fore any of a number of medical practitioners, continuing medical
education across all specialties of medicine may be desirable, Our
findings suggest specific areas of clinician continuing education that
may be useful in preparing clinicians to respond to monkeypox.
Specifically, it may be useful for clinical practice to educate clinicians
that there are effective drugs against monkeypox available and that
individuals who have received a smallpox vaccine before may need a
booster. Clinicians are also largely unaware that monkeypox often
involves systemic complications and that children are as at high a
risk of these complications as are adults. It may also be important for
clinicians to be aware that monkeypox may be transmitted through
respiratory droplets, direct contagion from touching lesions, ex-
posure to bodily fluids, and on surfaces. And, perhaps most sig-
nificant, the gaps in correctly diagnosing probable cases of
monkeypox should be addressed. Although monkeypox remains
relatively rare in the United States, assisting clinicians in differ-
entiating probable monkeypox cases and other diseases character-
ized by skin lesions may be necessary.

Overall, participants in this study reported lower intentions to
adopt practices that assist in limiting the spread of monkeypox than
are desirable. A little over half of clinicians indicated that they did
not intend to receive a vaccination against monkeypox, and over 40
% indicated that they did not intend to deliver such a vaccine. These
findings contrast sharply with a study of Indonesian physicians,
where more than 90 % of general practitioners indicated they would
be willing to accept a vaccine to prevent monkeypox [30]. Ohio, USA
practitioners’ intentions were not associated with knowledge or
attitudes related to the ability to control monkeypox infection. Sig-
nificantly, they were not associated with either vaccine hesitancy, as
nearly all of our participants had been vaccinated against COVID-19
and seasonal influenza. Rather, the only significant predictor of in-
tentions to give or receive vaccinations against monkeypox was the
perception of the risk of monkeypox. Clinicians who did not see
monkeypox as a severe public health threat in the United States, fear
that it might become a worldwide pandemic, or worry that mon-
keypox would add extra burdens to the healthcare system were less
likely to intend to receive or deliver a vaccine. These attitudes pre-
sent clear opportunities for messaging to clinician population. They
are actionable areas where the perceived threat of monkeypox can
be raised and discussed to potentially motivate clinicians into dif-
ferent actions. Therefore, educational efforts should be accompanied
by even stronger efforts to contextualize this education in a threat
environment to encourage clinicians to adopt actions to help prevent
the spread of monkeypox.

Limitations

Although this study is the first, to our knowledge, to examine
KAPs related to monkeypox in a US clinician population, and al-
though it conforms with the limited previous research on other
practitioners in other countries, there are some limitations. First, our
study is limited to the state of Ohio. The finding of this study may
not represent KAPs across the US, as there have been more cases of
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monkeypox in coastal states like New York and California. Although
Ohio is often considered a bellwether state for the US, future re-
search may find that different patterns of disease spread in different
states may lead to different KAPs. Also, in our sample, clinicians of
color were underrepresented. This may be because the university
health system accessed is in a predominantly white area with white
clinicians. Because there is evidence that communities of color in the
US [31], and minoritized communities around the world [32], are
disproportionately impacted by monkeypox, future studies should
attempt to engage these minoritized communities.

In addition, the monkeypox outbreak is rapidly evolving. Our
study intentionally ceased collecting data when the first US death
from monkeypox was reported. Events like this may raise the per-
ceived threat of monkeypox, and may drive clinicians to learn more
about the disease. Alternatively, because our collective knowledge of
monkeypox is growing, some of the points of what we regard as
required knowledge may change. For example, this study used an
estimated case fatality rate range based on the African experience of
monkeypox of anywhere between 3 % and 11 % [7,25], when the
current case fatality rate in the Americas is less than 0.05 % [32,33].
Moreover, as knowledge of actual risk changes, it may influence the
risk perceived by practitioners It is essential to continue to monitor
knowledge levels, attitudes, and practices to see how they grow and
change along with the changes in the spread of this disease.

Conclusions

In summary, our findings indicate that clinicians in Ohio have
poor levels of knowledge related to monkeypox and are in-
sufficiently likely to practice vaccination behaviors to prevent the
further spread of monkeypox. The greatest area for improvement is
regarding the perceived threat of monkeypox, which suggests that
continuing clinical education and outreach should not only focus on
promoting better knowledge and prevention practices, but should
also illustrate the threat that this emergent zoonotic disease poses
for public health.

Funding

The authors received no specific funding to conduct this research.

Compliance with ethical standards

The study protocol was approved by the Institutional Review
Board at Ohio University (22-E-211) as an exempt study with a
waiver of signed informed consent.

Competing interests

The authors declare that they have no conflict of interests.



B.R. Bates and M,J. Grijalva

References

[1]

12

i3

[4

[5

6

17

[8

[9

(10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

Ladnyj ID, Ziegler P, Kima E. A human infection caused by monkeypox virus in
Basankusu Territory, Democratic Republic of the Congo. Bull World Health Organ
1972;46(5):593-7.

Thornhill JP, Barkati S, Walmsley S, et al. Monkeypox virus infection in humans
across 16 countries — April-June 2022. N Engl ] Med 2022;387(8):679-91.
https://doi.org/10.1056/NEJM0a2207323

From the Centers for Disease Control and Prevention. Multistate outbreak of
monkeypox- lllinois, Indiana, and Wisconsin, 2003, JAMA. 2003;290(1): 30-1.
Available from: doi:(10.1001/jama.290.1.30).

Bunge EM, Hoet B, Chen L, et al. The changing epidemiology of human mon-
keypox—a potential threat? A systematic review. PLoS Negl Trop Dis
2022;16(2):e0010141https://doi.org/10.1371/journal.pntd.0010141

Parums DV. Editorial: Current status of non-endemic global infections with the
monkeypox virus. Med Sci Monit 2022;28:e938203https://doi.org/10.12659/
msm.938203

World Health Organization. Monkeypox; 2022 May 19. Available from: (https://
worldhealthorg.shinyapps.io/mpx_global/). [Accessed 20 September 2022].
World Health Organization. Monkeypox; 2022 May 19. Available from: (https://
www.who.int/news-room/fact-sheets/detail/monkeypox). [Accessed 20
September 2022].

Centers for Disease Control and Prevention. Interim clinical considerations for
use of JYNNEOS and ACAM2000 vaccines during the 2022 U.S. monkeypox
outbreak; 2022 Aug 22. Available from: (https://www.cdc.gov/poxvirus/
monkeypox/health-departments/vaccine-considerations.html). [Accessed 20.
September 2022].

Centers for Disease Control and Prevention. Monkeypox: Treatment information
for healthcare professionals; 2022 Sep 15. Available from: (https://www.cdc.gov/
poxvirus/monkeypox/clinicians/treatment.html). [Accessed 20 September 2022].
World Health Organization. Vaccines and immunization for monkeypox: Interim
guidance, 24 August 2022; 2022 Aug 24. Available from: (https://www.who.int/
publications/i/item/WHO-MPX-Immunization-2022.2-eng). [Accessed 20
September 2022].

Bass ], Tack DM, McCollum AM, Kabamba ], Pakutha E, Malekani ], et al.
Enhancing health care worker ability to detect and care for patients with
monkeypox in the Democratic Republic of the Congo. Int Health
2013;5(4):237-43. https://doi.org/10.1093/inthealth/iht029

Sklenovska N, Van Ranst M. Emergence of monkeypox as the most important
orthopoxvirus infection in humans. Front Public Health 2018;6:241. https://doi.
org/10.3389/fpubh.2018.00241

Pope P, Pelletier L, Guertin C. Starting off on the best foot: a review of message
framing and message tailoring, and recommendations for the comprehensive
messaging strategy for sustained behavior change. Health Commun
2018;33(9):1068-77. https://doi.org/10.1080/10410236.2017.1331305

Sheeran P, Maki A, Montanaro E, Avishai-Yitshak A, Bryan A, Klein WMP, et al.
The impact of changing attitudes, norms, and self-efficacy on health-related
intentions and behavior: a meta-analysis. Health Psychol 2016;35(11):1178-88.
https://doi.org/10.1037/hea0000387

Akl EA, Oxman AD, Herrin ], Vist GE, Terrenato I, Sperati F, et al. Framing of
health information messages. Cochrane Database Syst Rev
2011(12):CD006777https://doi.org/10.1002/14651858.CD006777.pub2

Mlenga DH, Baraki YA. Community led total sanitation for community based
disaster risk reduction: a case for non-input humanitarian relief. Jamba
2016;8(2):183. https://doi.org/10.4102/jamba.v8i2.183

Akinyinka MR, Bakare OQ, Oluwole EO, Odugbemi BA. Hand hygiene practices in
the context of Ebola virus disease: a cross-sectional survey of Lagos residents. ]
Infect Prev 2019;20(4):179-84. https://doi.org/10.1177/1757177419830779

1465

[18]

Journal of Infection and Public Health 15 (2022) 1459-1465

Wabhed T, Kaukab SS, Saha NC, Khan IA, Khanam F, Chodhury F, et al. Knowledge
of, attitudes toward, and preventive practices relating to cholera and oral cholera
vaccine among urban high-risk groups: findings of a cross-sectional study in
Dhaka, Bangladesh. BMC Public Health 2013;13:242. https://doi.org/10.1186/
1471-2458-13-242

[19] Joshi A, Amadi C. Impact of water, sanitation, and hygiene interventions on

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

(30]

[31]

[32]

(33]

improving health outcomes among school children. ] Environ Public Health
2013;2013:984626https://doi.org/10.1155/2013/984626

Ncube A, Jordaan AJ, Mabela BM. Assessing the knowledge, attitudes and prac-
tices regarding cholera preparedness and prevention in Ga-Mampuru village,
Limpopo, South Africa. Jamba 2016;8(2):164. https://doi.org/10.4102/jamba.
v8i2.164

World Population Review. Bellwether States 2022. Web page. Wolrd Population
Review; 2022 June 15. Available from: (https://worldpopulationreview.com/
state-rankings/bellwether-states). [Accessed 24 October 2022].

Ohio Department of Health. Ohio Department of Health launches new mon-
keypox cases dashboard. Press release. Ohio Department of Health; 2022 Aug 25.
Available from: (https://odh.ohio.gov/media-center/odh-news-releases/odh-
news-release-08-25-22). [Accessed 20 September 2022].

Monkeypox fatality confirmed in Los Angeles, a possible US first. The Guardian;
2022 Sep 12. Available from: (https://www.theguardian.com/us-news/2022/sep/
12/monkeypox-death-los-angeles). [Accessed 20 September 2022].

Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: a flexible statistical power
analysis program for the social, behavioral, and biomedical sciences. Behav Res
Methods 2007;39(2):175-91. https://doi.org/10.3758/bf03193146

Ricco M, Ferraro P, Camisa V, Satta E, Zaniboni A, Ranzieri S, et al. When a ne-
glected tropical disease goes global: knowledge, attitudes and practices of Italian
physicians towards monkeypox, preliminary results. Trop Med Infect Dis
2022;7(7). https://doi.org/10.3390/tropicalmed7070135

Alshahrani NZ, Alzahrani F, Alarifi AM, Algethami MR, Alhumam MN, Ayied
HAM, et al. Assessment of knowledge of monkeypox viral infection among the
general population in Saudi Arabia. Pathogens 2022;11(8). https://doi.org/10.
3390/pathogens11080904

Alshahrani NZ, Algethami MR, Alarifi AM, Alzahrani F, Sheerah HA, Abdelaai A,
et al. Knowledge and attitude regarding monkeypox virus among physicians in
Saudi Arabia, a cross-sectional study. Prepr Res Sq 2022. https://doi.org/10.
21203/rs.3.rs-1883068/v2

Harapan H, Setiawan AM, Yufika A, Anwar S, Wahyuni S, Asrizal FW, et al.
Knowledg eof human monkeypox viral infection among general practioners: a
cross-sectional study in Indonesia. Pathog Glob Health 2020;114(2):68-75.
https://doi.org/10.1080/20477724.2020.1743037

Rodriguez-Morales AJ, Lopardo G. Monkeypox: another sexually transmitte
dinfection? Pathogens 2022;11(7):713. https://doi.org/10.3390/
pathogens11070713

Harapan H, Wagner AL, Yufika A, Setiawan AM, Anwar S, Wahyuni S, et al.
Acceptance and willingness to pay for a hypothetical vaccine against monkeypox
viral infection among frontline physicians: A cross-sectional study in Indonesia.
Vaccine 2020;38(43):6800-6. https://doi.org/10.1016/j.vaccine.2020.08.034
Philpott D., Hughes C.M., Alroy K.A. Kerina ].L., Pavlick J., Asbel L. et al.
Epidemiologic and clinical characteristics of monkeypox cases - United States,
May 17-July 22, 2022. MMWR Morb Mortal Wkly Rep.; Aug 12
2022;71(32):1018-22. Available from: doi:(10.15585/mmwr.mm?7132e3).

Gomez-Lucia E. Monkeypox: some keys to understand this emerging disease.
Animals 2022;12(17). https://doi.org/10.3390/ani12172190
Vogel L. Making sense of monkeypox death rates. CMAJ

2022;194(31):E1097https://doi.org/10.1503/cmaj. 1096012



	Knowledge, attitudes, and practices towards monkeypox during the 2022 outbreak: An online cross-sectional survey among clini...
	Introduction
	Material and methods
	Participants
	Measures
	Statistical analysis

	Results
	Discussion
	Limitations

	Conclusions
	Funding
	Compliance with ethical standards
	Competing interests
	References




