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Abstract

An Assessment of El Paso Physician Knowledge, Attitudes, and Practices Regarding the
Clinical Management of Suspected Cases of Pertussis

By Ian Everitt

Background and Significance: Despite an observed increase in the incidence of pertussis
in the El Paso, Texas, there is little quantifiable data to characterize ongoing transmission of
pertussis infection. The collection of data, conduction of epidemiologic surveillance, and
implementation of public health action in the region is complicated by a variety of unique
geopolitical, social, cultural, and economic challenges. There is concern that the collection
and interpretation of pertussis case data is hampered by inappropriate confirmatory testing
and inadequate case reporting among El Paso physicians who encounter suspected cases of
pertussis. Because limited information exists regarding the association between pertussis-
related knowledge and attitudes and subsequent pertussis clinical management and
confirmatory testing practices, obtaining this information is vital to understanding the
factors that influence diagnostic testing and timely reporting of notifiable disease in El Paso.

Methods: An assessment of knowledge, attitudes, and practices was distributed to 123
physicians in El Paso, Texas. Multivariate logistic regression was used to assess and quantify
the extent to which physician knowledge of pertussis disease and clinical management
predict pertussis diagnostic testing practices. Additional analyses were conducted to inform
future interventions by determining other factors that impact physician behavior and identify
existing gaps in pertussis-related knowledge.

Results: Better knowledge of pertussis case definitions and clinical management was not
significantly associated with conducting appropriate tests to confirm pertussis infection.
Physician specialty, clinical practice setting, and country of medical education were
associated with pertussis testing practices, although inappropriate testing practices were
prevalent even among physicians who had extensive experience diagnosing cases of pertussis

infection.

Discussion and Conclusions: Increasing pertussis-related knowledge among El Paso
physicians may be effective in promoting appropriate confirmatory testing of pertussis
infection. Although testing behavior is more strongly associated with other factors such as
clinical specialty and inpatient versus outpatient work settings, these factors are not
amenable to change through intervention. Education is needed in all groups, although
targeted interventions aimed at improving the utilization of PCR to confirm suspected cases
of pertussis is especially needed for physicians of non-pediatric specialties, who may be less
likely to suspect and diagnose pertussis infections.



An Assessment of El Paso Physician Knowledge, Attitudes, and Practices Regarding the
Clinical Management of Suspected Cases of Pertussis

By

Tan Everitt

B.S., University of North Carolina at Chapel Hill, 2013

Faculty Thesis Advisor: Dr. Saad Omer, M.B.B.S. M.P.H. Ph.D.

Faculty Thesis Advisor: Dr. Walter Orenstein, M.D.



VII

A thesis submitted to the Faculty of the
Rollins School of Public Health of Emory University
in partial fulfillment of the requirements for the degree of

Master of Public Health in Epidemiology

2015



VIII

Acknowledgements

First and foremost, I would like to thank my advisors for their assistance throughout this
process. Dr. Miguel Escobedo was heavily involved with developing the research concept
and hypotheses and provided extensive feedback and guidance throughout my time in El
Paso, Texas. Drs. Walter Orenstein and Saad Omer were instrumental in providing
comments and feedback during the preparation of this manuscript, as well as validating the
methods of analysis.

A special thank you to Carla DeSisto for being an endless source of encouragement,
feedback, and ideas, both in El Paso and during the subsequent manuscript preparation
process. I would also like to thank our colleagues in the El Paso and Sand Diego Quarantine
Stations at the Centers for Disease Control and Prevention for their help and ideas related to
KAP survey design and pertussis expertise. An additional thank you to Robert Resendes and
Fernando Gonzalez at the El Paso Department of Public Health for their support and help
acquiring data for this project.

I would also like to acknowledge the Global Field Experiences Award Selection Committee
for providing funding for this research, and Dr. John McGowan for his invaluable feedback
in applying for this grant.

Finally, many thanks to my family and friends for their continued support throughout this

process.



IX

Table of Contents

INTRODUCTION.......uttiiitiiiiitieniteeeitieenteeenteeesteeseaeeseasesesssssssssssssssssssssssssssssssaees 1
The United States-MexicO BOrder REQION..........uueeeeeeeueevvevsssvevvevsssevvvsssssvsvsssssssssssas 1
Health Challenges in the Paso del Norte Metropolitan Area...........eeeeeeeeeeeereeueenns. 5
Y (S A Y B O PN o
PertiiSSIS VACCINALION ceueeeuuneneeeeeeeeeevvvvvsvrrsssseveesvvrvssssssssssssssssssssssssssssssssssssssssssssssssses 38
Pertussis Re-emergence in the United StAtes ..........uuuuueueeeeeeeeeevvvesssueevvvvvevevsrssssunnnns 10

Public Health Reporting of Pertussis inl El PASO.............ueeeeeeeeevevveessvevressrvennennenn 12
Research Justification and SignifiCanCe..........eeeeeeeeeeeevssssesscvevvvvvvessssssssssvssssvssssssnsns 15

SPECILIC ATIINS c.uuueeeeeeevvvveeevvrsieveevvvvessesrssssuesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnss 16
METHODS. ...ttt ee e ae e as e s as e s ae e s e aa e s e aa e s e snasessnaees 17
RESCALCH CONMEXT.nnnnneeeeaeseereeresserieeeeretisesssssssssssssssssssssssssssssssssssssssssssssssssssssssss L |
KAP Assessment ToOl DeVEIOPINENL ...........uueeeeveevervevveesssvvvvsssssssvvsssssssssssssssssssssssans 18
Survey Administration and Data COIECtION............eeeeeeeeeeeeeeeeeessesssssssssssssssssssssssosons 19
D17 I Vi V)| ) 21
SCO1E CONSIIUCTION eevrrrrrevvvvvvvrevrrrrsssuessvvrrssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 21
DeSCriptive STatisticSeeeeeessssrrsssssssersssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnns 22
Bivariate ANGLYSESeeuuuuuueeeereeeessrrrrrrrrsrrssrssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 23
Multivariate Analyses and Model CONSIUCIION verrruvvvvrrrrrvvvrrresevvrrrsssvrrsssssevsvsssssusssssssssenns 24
Exploring Additional Targets for Intervention ..eeeeeeeeeeeessseeeessssuneesssssneensssssneesssssnessssssans 26
RESULTS. ..ottt tte e saaees e sas e s as e s sas e s aa e s e saa e s e sne s s sasssssassnnnns 28
Demographic CHALACUEIISTICS . .....uuuueeeeeevvveeevrrsssvevevvvrssessssssssssssssssssssssssssssssssssssssssas 28
Physician EXperience With Pertussis ........eeeeeeeeeeevesessvvvevvvvvevsssssssvvsvsvsssssssssssnnns 29
Pertussis Knowledge, Attitudes, and Practices: Descriptive StatiStiCs.................... 30
BiVALIAtE ANAIYSES...uuuuuuuirrrrrrsrrrrrrsrsssrssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 33
MUltiVariate ANAIYSES .....eeeeeeeeevvvvrsssvrvvsrssvvvvsssssessrsssssssssssssssssssssssssssssssssssssssssssssssas 35
DISCUSSION ..ottt esree s ssaeeessasesssasessasesssssesesssesssssesesssassssaees 37
Knowledge, Attitudes, and PrACUICES .........ccuueeeeeevveeerersssssseeevvvvvssssssssssvsssssssssssssns 37
Knowledge as a Predictor of Pertussis Testing PractiCeS...........ueeereeevvvrreevvvvveraanns 38
Potential Targets for Physician-Based INtervention.............eeeeeeeeveeeevveesevveesennnn. 39
CONCLUSIONS & RECOMMENDATIONS ......oooiiiiiiitirintirentteecieecnneeenaeeennes 42
Strengths and LIMUTATIONS ......eeeeeeeeeeeevsesseveeevvveeeesssssssssessvsssssssssssssssssssssssssssssssssssssses 42
Conclusions and ReCOMMENAALIONS........ccceeeevvvvrrscvvvvrrrssvvsvssrssrsvvsssssssssssssssssssssssnns 45
REFERENCES .......oooiiiitiintientiecttecette et censeesaeesesse s asssssssesssssesssssssssssssnnns 49
TABLES & FIGURES ...ttt ccssescssnsssssscssnscsssseses 53
APPENDICES........ciiiiiiiiiiiiciiectie et ssss s ss e s ss e s ssesssssssesnees 67
Appendix 1: ASSESSINENE TOOI .........uuueeeeeeeevvvvvevrsvvvvvvessvvvvsssssssvssssssssssssssssssssssssssssns 67
Appendix 2: Informed Consent DOCUINENL ...........eeeeeeeeevvvvresvvvvsssssvsvvsssssssssssssssssnns 71

Appendix 3: Report Of FINAINGS ......uuueeeeevervevveresvvvvvrrssevvvvssssvssvsssssssssssssssssssssssssses 72



INTRODUCTION

The United States-Mexico Border Region

The United States-Mexico border region is a unique and dynamic territory that
shares a common culture, language, and health status across geopolitical boundaries. The
border region is defined as an area stretching approximately 2,000 miles from California to
Texas and reaching 100 kilometers to the north and south of the U.S.-Mexico border[1] that
shares social, economic, and epidemiological characteristics but operates under different
legal and political systems, health systems, and policies (Figure 1).

This binational region is rapidly growing, with a population of approximately 13
million that is projected to double by the year 2025, and spans four U.S. states and six
Mexican states with 43 points of entry along the border and fifteen pairs of sister cities. The
U.S.-Mexico border is also recognized as one of the busiest international boundaries in the
wortld, with over 800,000 people legally crossing into the United States from Mexico every
day]2].

In addition to overseeing legal border crossings, U.S. Customs and Border
Protection (CBP) is also responsible for preventing un-authorized entry into the United
States across the U.S.-Mexico border. While overall border apprehensions have recently
reached historically low levels, beginning in Fiscal Year 2014 the United States Customs and
Border Protection noticed a drastic increase in the detection of unaccompanied minors and
family units along the U.S.-Mexico border, largely originating in Central America, which has
contributed to unique processing and administrative challenges in the region|[3].

The significant mobility of this population, in combination with its unique cultural,
social, and health characteristics makes it different from the rest of the United States and

Mexico. It is therefore more appropriate to define the area along the U.S.-Mexico border as a



single binational region rather than two distinct sub-regions. The area is characterized by
economically intertwined communities on both sides of the U.S.-Mexico border, binational
familial ties among residents, and strong social networks on both sides of the border that
create vibrant communities straddling the border and result in millions of daily legal
crossings. This social dynamic requires effective collaboration between local and federal
government agencies on both sides of the border to address complex policy issues
surrounding health care as well as economic and social conditions[4].

The U.S.-Mexico border region faces pressing health and social conditions on both
sides of the border. In Mexico, the northern border regions have better rates of vaccination
coverage and certain prenatal outcomes than other regions of the country, although drug
cartel-related violence, high rates of teen suicide, and elevated levels of substance abuse are
of concern. In the United States, the region faces high rates of uninsurance, migration,
inequitable health conditions, and a high rate of poverty. For example, 21 U.S. counties on
the border have been designated as economically distressed areas, with three of the 10
poorest counties in the nation located in the border area. The unemployment rate along the
U.S. side of the Texas-Mexico border is 2.5 to 3 times higher than the rest of the country,
and communities along the Mexican side of the border are less likely to have access to basic
water and sanitation services than the rest of the country due to rapid industrialization|2].
Furthermore, the U.S. Health Resources and Services Administration has claimed that if the

15% state then it would rank last in access to

U.S.-Mexico border region were to be made the 5
health care and per capita income, third in death rates due to diabetes, second in death rates
due to hepatitis, and first in the number of children who are uninsured[5].

The border region poses a number of challenges to the Unites States healthcare

system, partially by virtue of binational communities that operate under the health systems



and policies of both the United States and Mexico. Among the challenges are the region’s
rapidly growing population, diminished access to health care, a high incidence of avoidable
health disparities, a lack of health coverage, and a shortage of health care professionals[4].

Population growth in the region has increased at a much faster rate than the United
States as a whole. The four border states have accounted for more than one-third of the
nation’s population growth since 2000, and the population of the collective border counties
has increased by 29.3 percent from 1990 to 2000[5]. In addition to being fast-growing, the
population of the border region differs significantly in ethnic make-up from the rest of the
United States. In 2013, 46.1% of the population in border counties was Hispanic, compared
to 37.9% in the border states and 17.1% in the United States as a whole[6]. Twenty-six U.S.
federally recognized indigenous tribes are also located alongside or straddling the border,
composing five percent of the border population[4].

This rapidly growing segment of the population faces diminished access to health
care as a result of socioeconomic vulnerabilities that can lead to poor health. Such
vulnerabilities include persistent poverty, low educational achievement, high rates of
unemployment, and the impact of rapid population growth. The socioeconomic gap
between the border counties and the rest of the United States is the largest in the nation,
with almost twice the rate of poverty and approximately three times the rate of
unemployment as compared to the U.S. as a whole[7, §].

As a result of these socioeconomic disparities, border residents suffer from a
disproportionately high burden of many potentially avoidable infectious and chronic
diseases. Childhood obesity and diabetes are reaching epidemic proportions in the border
region[9, 10], while tuberculosis incidence is elevated as compared to the rest of the United

States. Widespread poverty, frequent border crossings, and lack of coordinated care across



jurisdictions at the U.S.-Mexico border contribute to an elevated incidence of infectious
diseases in the region[11]. The 2009 outbreak of HINT influenza virus was a stark global and
binational lesson that diseases do not respect political borders; a novel swine-origin influenza
A virus emerged in Veracruz, Mexico, in March or early April 2009, and within one year had
spread to 213 countries and resulted in 600,000 laboratory-confirmed cases and at least
17,700 deaths[12]. Current concerns in the region include the establishment of dengue fever
and chikungunya as locally acquired infectious diseases [13].

Residents in the border region also lead the nation in lack of health coverage. From
2000 to 2003, 23 percent of persons living in border states lacked health insurance, as
compared to a national average of 14.7 percent[14]. Hispanics in border counties were
significantly more likely than non-Hispanics to be without health coverage for more than
one year|[15]. Unable to afford the high cost of medical and dental services in the United
States, many border residents seek care in Mexico for more affordable services. Ultimately,
long-term disparities in insurance coverage result in inadequate access to health care services
and significantly compromise health outcomes in the region.

The border region also suffers from a severe shortage of physicians, dentists, and
health providers. For example, physicians per 10,000 population for all border counties is
16.3, compared to 26.2 in non-border counties in border states, and 26.1 for the U.S. as a
whole[4]. The border region has fewer dentists, nurse practitioners, registered nurses, and
pharmacists as compared to the rest of the United States. In addition, the under-
representation of minorities in health professions affects the availability and quality of health
care services for border residents. A shortage of linguistically and culturally competent
providers is a barrier to health care access, negatively impacting communication and

adherence to treatment[4, 16].



Despite the challenges facing the border region, the area can serve as a source for
identifying innovative models that ensure collaboration among various levels of the
government and private sector. Opportunities exist to improve health care access on the
border, strengthen public health infrastructure, and promote evidence-based interventions to

ensure that deliberate and sustained actions are taken to improve health conditions.

Health Challenges in the Paso del Norte Metropolitan Area

One of the largest metropolitan areas along the United States-Mexico border is the
Paso del Norte region, located at the junction of the US states of Texas and New Mexico,
and the Mexican state of Chihuahua. Centered on two large cities, Ciudad Juarez and El
Paso, this region of 2.7 million people[17] is the second largest metropolitan area along the
U.S.-Mexico border and the largest bilingual and binational workforce in the Western
Hemisphere[18]. The region also includes the city of Las Cruces, which, with a population of
over 100,000, is the second largest city in the state of New Mexico and the seat of Dofia Ana
County[19].

The City of El Paso, located on the U.S. side of the border in the state of Texas, has
a rapidly growing population of approximately 673,000 as of 2012, up 3.6% from 2010[20].
An additional 150,000 people live outside El Paso city limits in El Paso County, yielding a
total county population of approximately 828,000 as of 2013 estimates by the US Census
Bureau|21]. Consistent with other areas of the border region, a majority of the population is
of Hispanic ethnicity (80.7%), as compared to the state of Texas (37.6%) or the United
States as a whole (17.1%)[06, 20]. According to the 2012 U.S. Census, a quarter of city
residents report being foreign-born, while nearly three-quarters report speaking a language
other than English at home[20].

Although it is difficult to quantify the binational nature of the Paso del Norte region,



the magnitude of the interconnectedness between the U.S. and Mexico becomes apparent
when the number of border crossings is examined. In 2013 there were over 10.5 million
non-commercial northbound legal vehicle crossings from Ciudad Juarez into El Paso, in
conjunction with over 6 million legal pedestrian crossings and nearly 750,000 commercial
vehicle crossings[22].

The city of El Paso faces many of the same health challenges as other border
communities, particularly diminished access to health care and a lack of health coverage. El
Paso has a population that is younger than the rest of Texas and the United States, with low
educational attainment. Just 76% of residents age 25 or older are high school graduates,
compared to 80% for the state of Texas and 85% for the entire U.S.[20, 23]. For the same
age group, just 19% have a bachelor’s degree compared to 30% nationally. El Paso County is
among the poorest in the United States, with a median income of $36,333 compared to
$51,914 for the United States as a whole. A lack of health insurance is readily apparent in El
Paso County, where just 56% of residents reported having medical insurance in 2010,
compared to 73% for the state of Texas and 82% for the entire country[23].

The cities of El Paso and Juarez effectively combine to serve as a single metropolitan
area for the local community. From an epidemiologic perspective, the Paso del Norte
population must therefore be considered a single entity, rather than different populations on
two sides of a border. The high level of population movement, limited public health
infrastructure, and poor environmental conditions also contribute to increased incidence of

certain infectious diseases|24-20].

Pertussis Disease
The U.S. Centers for Disease Control and Prevention (CDC) has defined

immunization against vaccine-preventable diseases as a ‘winnable battle,” or a public health



priority with large-scale impact on health and with known, effective strategies to address
them[27]. However, efforts by the United States public health community to eliminate or
control vaccine-preventable diseases have been challenged by increased frequency of
international travel and a growing skepticism of childhood vaccinations among certain
segments of the public. Additionally, a lack of insight into the basis of protective immunity
against disease and infection has hampered attempts to improve a number of vaccines and
has led to concerns over possible re-emergence of infectious diseases[28, 29].

Analysis of data from the U.S. National Notifiable Diseases Surveillance System for
1990 through 1998 showed increased risks for certain vaccine-preventable diseases in U.S.
counties within 100 kilometers of the border, compared with nonborder states. These data
show a two- to fourfold greater incidence of hepatitis A, measles, rubella, and rabies in
border counties than in nonborder states. Border counties also experience a higher incidence
of pertussis relative to nonborder counties in border states[20].

Pertussis is an acute respiratory infection characterized by a severe, long-lasting
cough that is caused by infection with the gram-negative Bordetella pertussis bacterium.
Pertussis, also known as whooping cough, has a clinical case definition that is characterized
by a cough illness lasting at least two weeks with one or more of the following: paroxysms of
coughing, inspiratory whoop, post-tussive vomiting, or apnea in infants of less than one year
of age[30]. Transmission occurs person-to-person through aerosolized droplets expelled
during the coughing of an infected individual, and humans are the only known reservoir for
pertussis[31].

The course of pertussis follows three general phases. Beginning with the catarrhal
stage, pertussis has an insidious onset with nonspecific symptoms of upper respiratory

infection and an irritating cough that over the course of 1-2 weeks becomes paroxysmal.



Paroxysms are characterized by repeated violent coughing; each paroxysm has many coughs
without intervening inhalation and can be followed by a characteristic high-pitched
inspiratory whoop. Such coughing fits often end with the expulsion of mucus and are
followed by vomiting. The paroxysmal stage may last from 1-6 weeks before gradually
resolving over the course of several months during the convalescent stage[31, 32].

Pertussis has historically been an important cause of morbidity and mortality and
remains a significant cause of infant mortality worldwide. Serious complications or death are
much more likely to occur among young infants than adolescents or adults. Potential
complications resulting from pertussis infection may include pneumonia, pulmonary
hypertension, seizures, encephalopathy, apnea, and death[32]. Between 20% and 50% of
cases reported to CDC annually from 1992 through 2013 occurred in infants of less than
one year of age, representing a significant burden to the healthcare system of the United
States[33, 34].

Although the majority of reported cases and most significant complications occur in
infants of less than one year of age, pertussis is also a common infection in adolescents and
adults. Such infections are highly underreported by physicians[35-37]. In vaccinated
individuals, the clinical severity is often reduced, and the characteristic whooping may be
uncommon. However, such individuals are still contagious and capable of transmitting the
bacteria to unimmunized or incompletely immunized individuals. In households with
multiple pertussis cases, older persons are often the source of infection for children, and

adults remain an important reservoir and source of infection for infants[30].

Pertussis Vaccination
Historical data suggest that the introduction of whole-cell pertussis vaccines in the

1950s significantly reduced disease burden. A series of four doses was shown to be 70-90%



effective at preventing serious pertussis disease. However, protection was shown to decrease
with time, resulting in little or no protection 5 to 10 years after the last dose[30]. Although
generally effective, whole cell vaccines are reactogenic|38], and concerns about safety led to
the development of acellular vaccines associated with a lower frequency of adverse
reactions[30].

The current pertussis vaccines in both the United States and Mexico are acellular and
consist of purified, inactivated components of the bacteria, which are combined with
diphtheria and tetanus toxoids into a single vaccine known as DTaP[39, 40]. There are
currently two DTaP vaccines available in the United States, which are approved for children
age 6 weeks through 6 years of age, while Mexico utilizes a four-dose, pentavalent acellular
pertussis vaccine based on DTaP in combination with Haemophilus influenza type B and polio
(DTaP-Hib-IPV)[39]. When studied, acellular DTaP vaccines were shown to have comparable
short-term efficacy to the whole-cellular DTP vaccines, providing critical data to support the
licensure of the acellular vaccines. Because of waning immunity documented with prior
pertussis disease and whole cell vaccines, an adult and adolescent version of the vaccine (Tdap)
was developed and has been introduced as a booster to immunizations received in childhood.

In the last decade, however, a growing number of highly vaccinated countties,
including the United States, have reported an increasing trend in the general incidence of
pertussis. This potential resurgence has raised serious concerns about the effectiveness of
current pertussis vaccination strategies. The upsurge in reported incidence has led to the
hypotheses that loss of immunity, in particular among recipients of acellular pertussis
vaccines, has led to substantial accumulation of susceptible persons that results in outbreaks
especially affecting older children and adolescents [38]. It has also been hypothesized that

vaccination against pertussis may have a greater impact on the clinical severity of the disease
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rather than the transmission of infection[41].

Accurate assessment of the duration of immunity after natural infection or
vaccination is crucial for pertussis control, and yet our understanding of immunity to
pertussis is limited. The central obstacle to the formulation of vaccines that confer long-
lasting protection against pertussis is that despite a great deal of clinical research, no immune
correlate of protection against pertussis has been identified[42].

Despite a limited understanding of pertussis immunity, high vaccination coverage
remains necessary to significantly reduce the risk of pertussis disease. According to National
Immunization Survey data compiled by the CDC, El Paso County experiences low acellular
pertussis vaccine coverage relative to the rest of the state of Texas, with just 76.7% of
children aged 19-35 months receiving at least four doses of DTaP vaccine in El Paso in
2013, compared to 81.4% of children in the rest of Texas. Nationally, 83.1% of children
aged 19-35 months had received at least four doses of vaccine in 2013[43]. The proportion
of children 19-35 months who had received at least four doses of DTaP in El Paso County
has fallen from a high of 85.2% in 2003[44].

Across the border, pertussis vaccination coverage in Mexico has increased steadily
since the 1980s, and as of 2008 coverage of the third dose of DTP vaccination (DTP3) was
98%. A sharp drop in coverage has occurred in recent years, down to 83% DTP3 coverage
in 2013 according to WHO-UNICEF estimates[45]. While the decline in coverage is
unexplained, it has been speculated that political unrest is a factor as drug and gang violence

impact access to health services [40].

Pertussis Re-emergence in the United States
In the early 20" century United States, a high cumulative incidence and a fatality rate

of 1 in 10 cases meant that pertussis killed more children annually than polio and measles
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combined, and infection with B. pertussis was almost universal by the age of school entry. In
1943, the American Academy of Pediatrics recommended the routine use of whole-cell
pertussis vaccine, and in 1948 the number of reported cases of pertussis in the United States
dropped below 100,000 for the first time, while in 1976 just 1,000 cases of pertussis were
reported [47].

However, beginning in the 1990s the whole cell pertussis vaccination was replaced
with the acellular vaccine, and two important changes in the epidemiology of pertussis were
observed. Beginning in the early 2000s an emergence of pertussis disease was observed
among vaccinated adolescents, and more recently pertussis disease has emerged among
school-aged children[47]. With the introduction of the Tdap booster for adolescents and
adults, targeted use of the booster among adolescents aged 11 to 18 years old has been
shown to preferentially reduce disease in this age group [48]. From 2006 to 2009, Tdap
coverage among US adolescents increased from 10.8% to 55.6% and as of 2013 it has
reached 86.0%, exceeding target levels [49, 50]. At the same time, however, the incidence
among infants remained largely unchanged, suggesting limited herd immunity benefit from
adolescent Tdap vaccination[48].

Recent outbreaks of pertussis in California[51] and Washington[52] resulted in an
unusually large burden of disease for school-aged children of 7-10 years of age, many of
whom were fully vaccinated with 5 doses of DTaP. These observations led to the hypothesis
that recent pertussis epidemics were being driven largely by waning immunity and the
redevelopment of susceptibility among children vaccinated with acellular vaccines, even in
the face of recent booster doses[47].

In line with the rest of the United States, Texas has observed an increasing incidence

of pertussis across all age groups between 2006 and 2013, with the incidence rate per
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100,000 increasing three-fold and eight-fold among infants less than 1 year of age and
children aged 10-14 years, respectively[53]. The trend of increasing incidence is mirrored in
El Paso County, Texas. From 2006 to 2011, between 2 and 9 cases of pertussis were
reported annually in El Paso County, corresponding to an annual incidence rate of 0.3-1.2
cases per 100,000 residents. However, 70 cases of pertussis were reported to the health
department in 2012, and 65 cases in 2013, corresponding to incidence rates of 8.8 and 8.1
cases per 100,000 residents[53].

Very few cases of pertussis are reported across the border from El Paso, with just 4
cases reported in the state of Chihuahua in 2013, and 329 cases reported throughout the
entire country of Mexico[54]. While it is likely that some degree of underreporting occurs in
Mexico and that the impact of pertussis is higher than current data suggests[55], pertussis
has not re-emerged in Mexico to the degree that it has in the United States, likely due to a
very aggressive national vaccination program with a high degree of compliance.

However, in the United States, local, state, and federal public health organizations
have little quantifiable data to characterize the nature of the ongoing pertussis epidemic
beyond the sharp increase in incidence of pertussis. Such data is particularly difficult to
ascertain in El Paso due to its position along the United States-Mexico border and the low-
resource, binational nature of the region, which contributes several specific challenges to the
collection of data, conduction of epidemiologic surveillance, and implementation of public

health action.

Public Health Reporting of Pertussis in El Paso
As previously outlined, local, state, and federal public health organizations in El Paso
have little quantifiable data to characterize the nature of pertussis transmission occurring

with increasing frequency. To accurately characterize the increasing incidence of pertussis in
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El Paso, implement meaningful policies, conduct accurate epidemiologic surveillance, and
conduct an appropriate public health response, public health organizations rely heavily on
physicians to quickly and accurately report cases of pertussis to the appropriate public health
bodies. Despite this heavy reliance on public health reporting, cases of pertussis in El Paso
are believed to be heavily underreported, in part due to existing barriers to health care access
faced by the general population along the United States-Mexico border. Additional reasons
for underreporting include failure to consider pertussis in the differential diagnosis of
patients with cough and failure to confirm the diagnosis with the appropriate laboratory
tests.

The state of Texas requires that all laboratory-confirmed and clinically-suspected
cases of pertussis be reported to the local or regional health department or to the Texas
Department of State Health Services (TX DSHS) Infectious Disease Control Unit within
one business day[53]. Laboratory confirmation of pertussis infection for the purposes of
public health reporting may only occur via the isolation of B. pertussis from a culture of a
clinical specimen or via a positive polymerase chain reaction (PCR) assay[32].

Although isolation of the organism by culture is considered the gold standard for
pertussis testing and is highly specific, the test is relatively insensitive and requires up to a
week before results are available. Culture confirmation is recommended for pertussis
outbreaks. The preferred laboratory test is PCR, which is rapid, sensitive, and specific,
although it is not standardized across public health laboratories[56]. Both culture and PCR
utilize a specimen collected via nasopharyngeal swab, which is gently inserted into the
patient’s nostril to the posterior nares, where a sample is obtained[32].

Serology is of limited use for the diagnosis of pertussis and is not considered

confirmatory for the purposes of public health reporting because the ability of a patient to



14

demonstrate seroconversion may be affected by immunological priming by previous
vaccination or infection[30, 57]. Current serologic tests in the United States have unproven
or unknown clinical accuracy, although the CDC is actively engaged in better understanding
the usefulness of commercially available assays[30]. In general, serologic tests are most useful
for diagnosis in later phases of the disease, when antibody titers are at their highest[30],
although they are still a poor substitute for culture or PCR. The highly transmissible nature
of pertussis means that heavy reliance on serologic testing is more likely to result in increased
contact between contagious patients and susceptible contacts. However, the blood specimen
required for serologic testing is relatively easy to collect compared to a nasopharyngeal swab.

Currently the only state that permits serologic testing as part of a confirmatory test
of pertussis is Massachusetts, although strict standards are in place. Serologic testing is only
considered confirmatory if the testing is performed at the Massachusetts State Laboratory
Institute (SLI), the patient is at least 11 years of age, the patient has had a cough for at least
14 days, and at least three years have passed since the patient has last been vaccinated with
Tdap[58]. Given the requirements necessary for serologic testing to be considered
confirmatory for the purposes of public health reporting, it remains unlikely that new
developments serologic testing will replace culture or PCR as the preferred methods of
pertussis case confirmation.

In addition to serologic testing, direct fluorescent antibody (DFA) testing of
nasopharyngeal secretions is sometimes used to screen for pertussis, although these results
may not be used to confirm a case of pertussis for reporting purposes due to variable
specificity[33, 59].

Any case that meets the clinical case definition of pertussis but is not laboratory

confirmed, either because the patient was not tested, tested negative by PCR or culture, or
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was tested by serology or DFA, must be classified as a probable case unless it can be
epidemiologically linked to a laboratory-confirmed case[32]. Because inappropriately-tested
cases may not be included in counts of pertussis cases by the CDC, Texas Department of
State Health Services (TX DSHS), or El Paso Department of Public Health (EP DPH), it
remains important that physicians collect the appropriate specimen from clinically-suspected
cases of pertussis and order the appropriate diagnostic test to be performed by commercial

laboratories.

Research Justification and Significance

Statistics from the Texas Department of State Health Services illustrate that the
incidence of pertussis is increasing substantially throughout Texas, and particularly in El
Paso. However, such numbers are likely an underestimate as pertussis is believed to be
heavily underreported for a number of reasons. In particular, anecdotal observations by the
El Paso Department of Public Health suggest that some physicians continually run
inappropriate diagnostic tests for pertussis, precluding the cases from being counted in
public health surveillance efforts.

To better understand the process of diagnosing and reporting suspected and
confirmed cases of pertussis by physicians, an assessment of El Paso physician knowledge,
attitudes, and practices (KAP) was designed to assess clinician knowledge of pertussis
disease and diagnostic practices, knowledge of pertussis reporting guidelines in the state of
Texas, case reporting practices, and attitudes regarding pertussis case reporting. Obtaining
this information is essential to understand the factors that influence diagnostic testing and

timely reporting of notifiable diseases to the appropriate public health authorities in El Paso.
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Specific Aims

1.

To characterize the diagnostic and reporting practices of physicians in El Paso
regarding suspected and confirmed cases of pertussis, and examine the factors that
influence physician practices.

To determine whether public health reporting practices differ by state of knowledge
about pertussis.

To facilitate development of an evidence-based intervention designed to increase

knowledge and awareness of public health reporting among El Paso physicians



17

METHODS
Research Context

In light of a documented increase in the incidence of pertussis in El Paso, as well as
throughout Texas and the United States as a whole, the United States-Mexico Unit of the
CDC’s Division of Global Migration and Quarantine, in conjunction with the EP DPH and
TX DSHS Region 9/10 Office, has begun several projects with the goal of characterizing
pertussis in El Paso. The studies will seek to characterize the knowledge, attitudes, and
practices of rural community members as they relate to respiratory infection, as well as
perceived barriers to receiving the DTaP vaccine, in an effort to develop future interventions
and educational materials designed with the goal of increasing the uptake of the DTaP
vaccine and improving community knowledge of pertussis and other common respiratory
infections. The proposed study populations will include a sample of residents in central El
Paso as well as residents of Fort Hancock, an impoverished and underserved border town
on the outskirts of the El Paso metropolitan area. Surveys of Fort Hancock residents will be
administered by promotoras, ot bilingual community health workers, who have been trained by
TX DSHS.

To complement the proposed studies, an assessment of physician knowledge,
attitudes, and practices with regards to the diagnosis and public health reporting of pertussis
was also developed. The study population included currently practicing physicians who were
deemed likely to encounter and diagnose cases of pertussis, including family physicians,
pediatricians, gynecologists, internists, otolaryngologists, and allergists. The study population
was limited to physicians practicing in the central regions of El Paso (Figure 2) due to time

and budgetary constraints.
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KAP Assessment Tool Development

Knowledge, attitudes, and practices (KAP) surveys help identify knowledge gaps,
behavioral patterns, and commonly-held beliefs in order to increase understanding of the
issue and elucidate targets and themes for interventions[60]. They have been conducted in a
number of settings, among various populations, and on a multitude of subjects. Multiple
KAP surveys pertaining to pertussis have been conducted among health care providers[61-
63]. However, the majority of these surveys have focused on pertussis immunization and few
have focused on diagnostic and reporting practices. This assessment works to address a lack
of information about factors that may influence the diagnostic testing and clinical
management of pertussis by physicians. Evaluation of the knowledge, attitudes, and practices
of physicians enrolled in the survey cohort will also facilitate the development of an
educational intervention that addresses the appropriate laboratory tests necessary to confirm
a suspected diagnosis of pertussis and the importance of notifying public health agencies of
cases of notifiable disease in a timely manner.

The KAP assessment was developed in June 2014, using self-produced questions
designed to address project-specific objectives. Pertussis knowledge was evaluated using
survey questions regarding the length of naturally- and vaccine-acquired immunity, the
clinical case definition, requirements to confirm suspected cases, and public health reporting
requirements in the state of Texas. Attitudes were evaluated using questions about the
seriousness of pertussis disease and the ease of reporting pertussis cases to the health
department. Practices were evaluated using questions about clinical management practices,
public health reporting, and confirmatory laboratory testing habits. Additional questions

aimed at identifying key demographics of the providers and their patient pools were also
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included. These included information on provider specialty and practice location, the age
distribution of patients, and proxy measures of patient socioeconomic and binational status.

All questions designed to test knowledge of pertussis clinical management were
created using the 2014 Epi Case Criteria Guide and the Guidelines for Investigation and
Control of Invasive, Respiratory, Foodborne, and Vaccine-Preventable Diseases, both of
which are published and maintained by the TX DSHS.

Feedback from subject matter experts and pilot test subjects was incorporated in
editing of the KAP survey for clarity and brevity. The final assessment tool consisted of 30
questions and was designed to take no more than 15 minutes to complete.

A coding scheme, codebook, and files for data entry were developed using Microsoft

Excel. Data was then analyzed using SAS 9.4 statistical software (Cary, N.C.).

Survey Administration and Data Collection

Physicians have frequently been a difficult group to survey, with generally low
response rates to surveys despite the use of various delivery methods and incentives [64-69].
Because response rates are a concern among physicians, it was decided that hard copies of
the assessment should be utilized, rather than online or email surveys. An information sheet
containing an overview of the project printed on official Department of Public Health
letterhead was also included with the assessment.

Using a database supplied by the El Paso Department of Public Health, an initial list
of 118 office locations was identified as employing at least one eligible physician. Physicians
were considered eligible to receive the survey if they had a business address located in central
El Paso (defined in Figure 2) and a primary specialty of allergy/immunology, family
medicine, general practice, infectious disease, internal medicine, obstetrics/gynecology,

otolaryngology, or pediatrics. Physicians with a subspecialty listed were excluded.
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In an effort to achieve the highest possible response rate, and to better track the
number of physicians reached, paper copies of the assessment were delivered in-person to
office managers at the 118 business addresses listed for eligible physicians. Each business
address was visited in person by study staff and a packet containing copies of the assessment
and an information sheet was delivered to the office staff. Of the 118 business addresses
identified as eligible locations to distribute the survey, 71 were successfully contacted. Many
of the remaining 47 addresses listed were residential addresses, or the practice had gone out
of business or moved to a new location.

Surveys were distributed to all practicing physicians at each practice with the help of
office staff, who were asked to collect completed surveys for collection by study staff at a
later date. Office managers and physicians were sent reminders to complete the survey by
email or phone every three to four days. Completed surveys were then collected by study
staff approximately two weeks after the initial delivery of the survey.

Surveys were successfully distributed to 71 practices employing a total of 123
physicians. A total of 53 surveys were returned, corresponding to a response rate of 43%, of
which 45 respondents were deemed eligible for inclusion in further data analysis. The
remaining 8 respondents indicated that they did not currently treat or diagnose patients, or
did not plan to continue to practice clinical medicine for at least one year post-survey.

Human subjects approval was not deemed necessary by the Emory University IRB,
as the project did not collect any personal identifiable information and was considered a
needs-based community assessment. Confidentiality was maintained throughout the project,

and study staff did not know which physicians participated in the study.
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Data Analysis

Analysis of the data on knowledge, attitudes, and practices of pertussis clinical
management in the study population was conducted using SAS 9.4 (Cary, NC). Knowledge
and attitude scores were calculated using previously published methods where available [70],
while individual practices were dichotomized as “practitioners” for those who self-reported
“always” or “usually” performing a given practice or as “non-practitioners” for those who
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“sometimes,” “rarely,” or “never” performed a given practice.

Bivariate analyses were conducted to examine factors associated with practices and
with knowledge and attitude scores, along with other variables of interest identified during
preliminary analyses. Pertussis testing practices were set as outcomes in multivariate logistic

regression models in order to determine whether knowledge score was associated with a

given practice and to quantify those associations.

Score Construction
Knowledge was assessed using a cumulative score where 1 point is awarded to

correct answers and no points are given for incorrect or “don’t know” answers, as outlined
in Ho, et al. in 2013[70]. This is a fairly typical method of scoring knowledge in KAP
surveys, and allowed for a maximum knowledge score of 25 points. Correct answers to
knowledge questions were verified in the literature or according to published guidelines by
the EP DPH or TX DSHS. The resulting knowledge score was then used to classify
knowledge as “good,” “fair,” or “poor.” Physicians with a knowledge score of 20 points or
greater, corresponding to correct responses to at least 80% of questions, were classified as
having “good” knowledge. Physicians with a knowledge score of 13 to 19 points,
corresponding to a correct response rate of approximately 50-80%, were classified as having

“fair” knowledge, while participants who correctly answered less than 50% of knowledge-
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based questions, equivalent to a score of 12 or less, were classified as having “poor”
knowledge.

Five questions assessing respondents’ attitudes regarding the severity of pertussis
disease, the significance of pertussis to the El Paso community, and the ease of reporting
cases of pertussis to the appropriate public health authorities were included in the
assessment, from which a single attitude score was derived. Questions were organized in a 5-
step Likert scale from “strongly disagree” to “strongly agree” and points were assigned
ranging from 0 points for “strongly disagree” to 4 points for “strongly agree,” while neutral
answers were awarded 2 points. One question was negatively quoted so that reverse scoring
was used.

Three specific questions assessing respondent’s self-reported frequency of
conducting serologic testing to confirm pertussis diagnosis, conducting PCR or culture to
confirm pertussis diagnosis, and reporting cases of pertussis to public health authorities in a
timely manner were scored based on the frequency of behavior. Respondents who never
performed a specified practice received a score of 0 points, while those who always
performed a specific practice received a score of 4 points. The scores for individual practices

were not summarized into an overall practice score.

Descriptive Statistics
We collected a variety of self-reported professional demographics from study

participants, including how long respondents had been practicing medicine, in what country
the respondent attended medical school, primary specialty, and practice settings. We also
asked participants to estimate demographic characteristics of the patients that they treat,
including proxy measures for patient socioeconomic status and “binational” status. Each

physician was asked to estimate the proportion of their patients that either self-pays or
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utilizes Medicaid in an effort to indirectly characterize the socioeconomic status of patients,
while, similarly, respondents were asked to estimate how many patients live, work, or travel

regularly to Mexico to better understand the mobility and binational character of physicians’
patient populations.

In addition to self-reporting demographic information, we asked participants to
provide information regarding their experience with pertussis, including the total number of
cases of pertussis that each participant had diagnosed over the course of their careers.
Physicians were also asked whether they felt that the annual incidence of pertussis had
changed over the past five years, regardless of whether they had personally diagnosed any
cases of pertussis

Descriptive statistics for self-reported information were calculated and reported as
numbers and proportions for categorical variables. Where questions allowed a respondent to
check multiple choices that apply, the value of the variable was set to missing and the
participant was excluded from the analysis of that variable if none of the options were

selected.

Bivariate Analyses
Physician experience with pertussis was further explored by examining whether the

proportion of physicians who had diagnosed pertussis differed across various demographic
characteristics using a chi-square goodness-of-fit test. In cases where a chi-square test may
not have been valid due to cell counts of less than 5, Fisher’s exact test was performed
instead.

Pertussis knowledge and attitude scores were compared across various demographic
characteristics using independent t-tests and one-way ANOVA. Scores for three pertussis-

related behaviors were then analyzed by physician knowledge classification and demographic
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characteristics using t-tests and one-way ANOVA. In cases where the distribution of the
score was found to be significantly non-normal using the Kolmogrov-Smirnov goodness-of-
fit test, the Wilcoxon-Mann-Whitney and Kruskal-Wallis H tests were utilized in place of the
t-test and ANOVA, respectively. In cases where one-way ANOVA indicated significance
between one or more levels, a Tukey post-hoc test was performed. In cases where a Kruskal-
Wallis H test indicated significance between one or more levels, pairwise Wilcoxon-Mann-
Whitney tests were conducted using a Bonferroni correction of the alpha level.

An alpha level of 0.05 was used to evaluate statistical significance for all analyses,
with the exception of post-hoc testing following the Kruskal-Wallis H test. Marginally
significant results (alpha level=0.1) were also reported when the association was considered

plausible.

Multivariate Analyses and Model Construction
Multivariate maximum likelihood logistic regression models were constructed to

further examine and quantify the extent to which pertussis knowledge predicts whether
respondents order serologic testing to confirm pertussis diagnosis or order either
polymerase-chain reaction (PCR) or bacterial culture to confirm pertussis diagnosis.
Knowledge was included as categorical dummy variables rather than a continuous score to
ease the interpretation of the odds ratio. All practice outcomes were dichotomized based on
practice score. A practice score of 3.00 or greater, corresponding to “usually” or “always”
performing the practice, was categorized as a “PCR tester,” “serologic tester,” or “pertussis
case reporter,” while scores below 3.00 were categorized as non-testers or non-reporters.
Variables included in the initial model as possible confounders consisted of physician
demographic characteristics as well as additional characteristics that were found to be

associated with the outcome in bivariate analyses. Eligible variables were assessed for
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association with knowledge using t-tests and chi-square tests. The initial model used for
assessment of collinearity, interaction, and confounding thus included the outcome of
interest, the primary predictor, and eligible variables. Respondents with missing data for any
of the variables included in the model were excluded from the corresponding analysis. The
most appropriate final models were selected after consideration of collinearity, interaction,
and confounding.

Collinearity, which can lead to unstable maximum likelihood estimates, was assessed
prior to consideration of interaction or confounding. Condition indices and variance
decomposition proportions (VDPs) were calculated. A potential collinearity problem was
identified when at least one condition index was greater than thirty. Modeled variables with
high VDPs (approximately 0.5) associated with such condition indices were eliminated from
the model in order to minimize collinearity and ensure the accuracy of maximum likelihood
estimates. Collinearity was continually reassessed to avoid unnecessary elimination and
determine whether the removal was required. This was carried out sequentially until no
turther collinearity issues were evident.

Interaction was assessed following examination of the model for collinearity. Only
two-factor interactions between the primary predictor and each variable in the initial model
were considered. Hierarchical backward elimination was used to carry out the examination of
interaction terms and the least significant interaction term was dropped from the full
interaction model, resulting in a new reduced interaction model. This was continued until all
interaction terms remaining in the model were significant (Wald chi-square test, «=0.05). If
there were no significant interaction terms remaining after backward elimination, it was

concluded that there was no evidence of interaction in the model. Variables involved in any
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significant interaction terms were retained in models during consideration of confounding to
ensure that the final model was hierarchically well-formulated.

Following assessment of collinearity and interaction, any remaining variables not
involved in a significant interaction were assessed for confounding. Evidence of
confounding was present when the elimination of a potential confounder or group of
confounders from the gold standard model, defined as the model including all potential
confounders and significant interaction terms, resulted in a greater than 10% change in the
estimated odds ratio for the primary predictor. All possible combinations of predictors were
considered while retaining the primary predictor, any variables involved in interaction terms,
and the interaction terms themselves. All models that yielded an odds ratio for the primary
predictor within 10% of the gold standard odds ratio were eligible for further consideration.
Of these models, the one with the greatest precision for the odds ratio for the effect of the
primary predictor was selected as the best overall model.

All models of interest were examined in the manner described, resulting in
hierarchically well-formulated final models that account for relevant interaction and
confounding. These final models provide the most precise and accurate measure of the

association between knowledge and the outcome of interest based on the data collected.

Exploring Additional Targets for Intervention

In the event that knowledge was not significantly associated with practices after
accounting for interaction and confounding, multivariate logistic regression models were
constructed to identify the factors most strongly associated with testing behaviors using
existing methods|[71]. A simple backward elimination procedure was implemented, allowing
variables other than knowledge to become a part of the final model. The least significant

term was eliminated from the model sequentially until all remaining terms were significant
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(Wald chi-square test, =0.05). While collinearity was addressed prior to backward

elimination procedures, interaction and confounding were not assessed due to the lack of a
previously-identified primary predictor. This procedure was used to build predictive models
for pertussis testing using PCR or culture and using serology that were not restricted by the

selection of knowledge score as the primary predictor.
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RESULTS
Demographic Characteristics

Demographic information of eligible survey participants is summarized in Table 1. A
total of 91.1% of respondents indicated that they worked in an outpatient setting, while
nearly half (44.4%) worked in a hospital or inpatient setting. In addition to outpatient and
inpatient clinical settings, a minority of respondents also indicated that they worked in
clinical settings ranging from the emergency department or urgent care to intensive care
units and community health centers.

Physicians were also asked how long they had been practicing medicine, excluding
residency training, as well as their primary specialty and where they had received their
medical education. Nearly half of respondents considered pediatrics to be their primary
specialty, although a variety of specialties and subspecialties were indicated. Other specialties
that were well represented included family and internal medicine, both indicated by 13.3% of
respondents. As expected, physicians returning the survey primarily attended medical school
in either the United States or Mexico (51.1% and 28.9%, respectively), although other
countries represented included Cuba, El Salvador, India, and Bangladesh, among others.

Physicians were also asked to provide information regarding the demographics of
their patients, also presented in Table 1. A plurality (44.5%) of respondents estimated that at
least 30% of their patients paid for visits using Medicaid or self-payment. Patient mobility
was estimated to be much more uniformly distributed, although again a plurality of
respondents (31.8%) estimated that at least 30% of their patients regularly traveled to, or

lived in, Mexico.
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Physician Experience with Pertussis

Respondents’ clinical experience with pertussis disease is summarized in Table 2.
Half of all survey respondents indicated that they had diagnosed at least one case of pertussis
during their careers, and over 10% of physicians had diagnosed six or more cases.

Among physicians who had directly encountered pertussis infection in their career, a
plurality felt that the annual incidence had increased. However, many felt that the incidence
had decreased or remained stable and there was no clear consensus among those who
answered the question. Despite the fact that relatively few physicians with no direct pertussis
experience answered the question, two thirds of respondents were not sure whether the
annual incidence had changed over the past five years, possibly indicating a lack of familiarity
with the status of pertussis in the region.

The association between pertussis experience and self-reported professional
demographics is shown in Table 3. It was found that a significantly higher proportion of
pediatricians had encountered pertussis relative to physicians of other specialties (Chi-square,
p<0.05), which is not surprising given the disproportionate burden of pertussis-associated
morbidity and mortality among young children and infants. We also found that length of
time practicing medicine was marginally associated with the proportion of physicians who
had encountered pertussis (Fisher’s exact, p<0.1). Upon pairwise post hoc examination
utilizing a Bonferroni correction, we determined that a greater proportion of physicians
practicing medicine for at least 16 years had diagnosed at least one case of pertussis relative
to those who had been practicing for shorter amounts of time (0-5 years).

Interestingly, the proportion of physicians who had encountered pertussis was
significantly different based on where they had received their medical training (Fisher’s exact,

p<0.05). Upon pairwise post hoc examination utilizing a Bonferroni correction, a
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significantly larger proportion of physicians who had attended medical school in Mexico had
encountered a case of pertussis relative to physicians who had attended a U.S. medical

school or other foreign medical school.

Pertussis Knowledge, Attitudes, and Practices: Descriptive Statistics

A total of five scores were calculated to summarize pertussis knowledge, attitudes,
and practices among respondents. Knowledge scores are summarized in Tables 4 and 5,
while attitude and practice scores are presented in Tables 6 and 7, respectively.

The average knowledge score for physicians was 14.64, with a standard deviation of
4.51, from a maximum possible score of 25. Deficits in knowledge were identified in several
areas, including pertussis case definitions and symptoms, appropriate diagnostic testing
procedures, and actions that public health authorities may take once a case has been
reported. The number of correct responses by question are summarized in Table 4, with a
breakdown of responses by answer choice where relevant.

Less than a quarter (22.2%) of respondents were able to correctly identify the
minimum cough duration required to fit the TX DSHS pertussis case definition, and
although most were able to correctly conclude that paroxysms of coughing and inspiratory
“whoop” were possible signs of pertussis infection, little more than half indicated that they
believed that nonspecific symptoms such as fever, apnea, or sneezing and runny nose could
be associated with pertussis infection (66.7%, 61.5%, and 56.4%, respectively).

When presented with five scenarios describing various methods to confirm a
suspected pertussis infection and asked to describe each scenario as appropriate or
inappropriate to confirm pertussis infection according to Texas state guidelines, fewer than
two-thirds of respondents were able to correctly identify whether any given method was

confirmatory, and no respondent correctly identified all five scenarios as confirmatory or
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non-confirmatory. Interestingly, nearly two-thirds of respondents (63.9%) incorrectly
answered that clinical observation of a cough illness of two weeks duration with paroxysms
of coughing, inspiratory whoop, or post-tussive vomiting was sufficient to diagnose a case of
pertussis without additional laboratory testing. When asked what types of laboratory testing
are confirmatory for the purposes of public health reporting, just over half of respondents
(51.2%) were able to correctly indicate that serologic testing is not confirmatory of pertussis
infection, while 73.2% of respondents felt that clinical judgment alone was sufficient to
confirm pertussis infection.

Finally, it was determined that respondents generally had low levels of knowledge
regarding the actions that the local health department can take once a case of pertussis has
been reported. While a majority were able to correctly identify that the health department
works to identify contacts at risk of exposure, little more than half of respondents knew that
the health department keeps a tally of cases for statistical purposes and then reports case
information to the CDC (59.1% and 56.8%, respectively). A large proportion of respondents
incorrectly believed that the health department is able to proactively seek out contacts
deemed to be “at risk” to obtain samples for pertussis testing (50.0%) and prescribe
antibiotics (61.4%).

Based on their knowledge scores, respondents were classified has having either poor,
fair, or good knowledge (Table 5). A score of 0-12 was considered to be poor knowledge,
indicating that the physician correctly answered no more than half of all knowledge
questions, while a score of 13-19 corresponded to a classification of “fair,” and a score of 20
or above was considered indicative of “good” knowledge. Just over a tenth of respondents

(11.1%) had good knowledge of pertussis, while neatly a third (31.1%) had poor knowledge,
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further indicating that a substantial proportion of the respondents had deficits in knowledge
related to several aspects of pertussis case management.

Pertussis attitude scores are presented and summarized in Table 6. On a scale
ranging from 0 to 20, with a score of 0 indicating strong disagreement and 20 indicating
strong agreement, the average attitude score among respondents was 14.85 with a standard
deviation of 3.81, indicating that respondents generally agreed with the presented statements.
Respondents were more likely to have neutral attitudes when asked whether pertussis was a
high priority illness in El Paso, if reporting a case of pertussis was easy, and if reporting a
case of pertussis took too much time. Respondents also generally indicated agreement with
the statements that pertussis is a serious illness in young children, and that pertussis can be a
serious illness in adults and adolescents.

Scores for three practices associated with diagnosis and reporting of pertussis were
also determined on a four-point scale based on how often physicians reported performing
serologic testing to confirm pertussis diagnosis, performing PCR or culture to confirm
pertussis diagnosis, and reporting pertussis cases to the health department in a timely
manner (Table 7). A score of 0 indicated that a physician never performed the particular
practice, while a score of 4 indicated that the physician “almost always” performed the
practice. The mean score for PCR testing was 1.68 among the 22 physicians who had
encountered at least one case of pertussis, suggesting that most respondents did not regulatly
order PCR to confirm a suspected case of pertussis. Respondents similarly reported that they
did not typically order serology to confirm pertussis diagnosis, with an average score of 1.30.
When asked how often they reported cases of pertussis to the department of public health,
the average score of 2.52, indicating that respondents usually, although not always, reported

cases of pertussis to the EP DPH.
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Bivariate Analyses

Bivariate analyses identified several physician and patient demographic characteristics
that were significantly associated with knowledge, attitude, and practice scores, presented in
Tables 8-11. Neither the country in which respondents received their education nor the
duration of clinical practice were significantly associated with an increased knowledge score.
Physicians who reported a pediatric specialty did not score significantly higher than non-
pediatricians when looking at pertussis knowledge. However, physicians who had previously
encountered at least one case of pertussis had a significantly higher knowledge score than
physicians who had not encountered any pertussis cases (Wilcoxon, p=0.002, Table 8).
Patient demographics, including proxy measures for socioeconomic status and mobility,
were not significantly associated with respondents’ knowledge scores.

When attitude scores were analyzed, pediatricians scored significantly higher than
non-pediatricians (T-test, p<0.05, Table 8). Other physician characteristics, including
country of medical training, duration of clinical practice, and number of pertussis cases
encountered, were not significantly associated with attitude scores. Patient characteristics,
including travel to Mexico and Medicaid payment, were not associated with a physician’s
attitude score.

As previously outlined, respondents were dichotomized based on how often they
reported performing a variety of practices. Respondents were classified as having a
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PCR/culture practice score of 2.00 or less, indicating that they “never,” “rarely,” or
“sometimes” utilized PCR or bacterial culture to confirm suspected cases of pertussis, or
having a PCR practice score of 3.00 or greater, indicating that they “usually” or “always”

utilized PCR to confirm suspected pertussis infection. The proportion of respondents who

“usually” or “always” utilize PCR or culture was then examined across a variety of
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demographic characteristics, summarized in Table 9. A significantly larger proportion of
pediatricians was found to utilize PCR or culture as a confirmatory test relative to physicians
practicing non-pediatric specialties (Fisher’s exact, p=0.04), and similarly, a greater
proportion of physicians who practiced in a hospital-based setting utilized PCR or culture
relative to physicians who only practiced in outpatient settings (Fisher’s exact, p=0.04).
Direct experience with pertussis was also found to be marginally associated with PCR testing
practices, with 47.6% (10/21) of physicians who had previously diagnosed pertussis utilizing
PCR or culture, compared with just 18.6% (3/16) of physicians who had never previously
diagnosed pertussis (Fisher’s exact, p=0.09).

Respondents were dichotomized based on their serologic testing practices in the
same manner that they were classified for PCR and bacterial culture testing practices. The
proportion of respondents who indicated that they “usually” or “always” utilized serology to
confirm suspected pertussis infection is summarized across various demographic
characteristics in Table 10. Serologic testing practices were not found to be significantly
associated with knowledge classification, country of medical training, previous experience
with pertussis, or patient demographic characteristics. The difference in proportions of
physicians who utilized serologic testing was found to be marginally significant across
physician specialty, with 11.1% (2/18) of pediatricians utilizing serologic testing to confirm
suspected pertussis infection, as compared with 39.1% (9/23) of non-pediatricians (Fishet’s
exact, P=0.08).

When physician reporting practices were dichotomized in a similar manner, as
presented in Table 11, they were found not to differ significantly across any of the explored

demographic characteristics.
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Multivariate Analyses

After dichotomizing physician practices based on the frequency of performing either
serologic testing or utilizing PCR and culture to confirm suspected pertussis infection as
previously outlined, multivariate logistic regression was performed to examine the
association between knowledge score and utilization of PCR/culture and serology,
summarized in Tables 12 and 13, respectively.

As presented in Table 12, the final model for the effect of knowledge score on
PCR/culture testing practices indicates that knowledge category was not significantly
associated with the odds of utilizing PCR or culture to confirm suspected pertussis infection,
even controlling for physician specialty (pediatric specialty vs. non-pediatric specialty),
clinical work setting (hospital vs. non-hospital setting), and personal experience with
pertussis (diagnosing at least one case of pertussis vs. never having diagnosed a case).
Physicians with “fair” pertussis-related knowledge had odds 1.6 times greater of using PCR
or culture to diagnose pertussis cases than those among physicians with “poor” knowledge
(p>0.1). Similatly, physicians with “good” knowledge had odds 3.7 times greater than those
of physicians with poor knowledge (p>0.1), although neither difference in odds ratio was
found to be significant.

When the effect of knowledge score on serological testing practices was modeled, it
was found that knowledge score was not significantly associated with the odds of performing
serological testing to confirm pertussis infection controlling for clinical specialty and
pertussis experience (Table 13). Physicians with “poor” knowledge had odds of ordering
serologic testing to confirm pertussis infection 5.3- and 3.1-fold higher than physicians with
“fair” and “good” knowledge, respectively. Neither of these differences were found to be

significant.
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Because knowledge classification was not significantly associated with either
PCR/culture or serology testing practices, multivariate logistic regression models were
constructed to identify the factors that were most strongly associated with testing behaviors
to better elucidate possible targets for future interventions, as previously outlined. The final
models for factors associated with utilization of PCR /cultute testing and utilization of
serological testing are presented in Tables 14 and 15.

As presented in Table 14, physician specialty and clinical practice setting were
significantly associated with the odds of employing either PCR or culture to confirm
pertussis infection. The odds for physicians with a pediatric specialty was 8.3-fold higher
than that of physicians practicing non-pediatric specialties of medicine, controlling for work
environment. Similarly, the odds for physicians working in a hospital setting was 7.4 times
higher than that odds among physicians who exclusively worked in an outpatient setting
controlling for physician specialty.

The odds of utilizing serology for diagnosis was also examined, with the final model
presented in Table 15. Again, physician specialty was found to be significantly associated
with the odds in question, with non-pediatricians having greater than nine-fold increase in
the odds of ordering serologic testing to confirm pertussis infection relative to pediatricians
(OR=0.1, p<0.05), controlling for the country of medical education. Interestingly, attending
a Mexican medical school was found to be marginally significantly associated (OR=5.6,
p<0.1) with higher odds of ordering serologic testing relative to physicians who had

attended a U.S. medical school when controlling for physician specialty.
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DISCUSSION

Knowledge, Attitudes, and Practices

Participants demonstrated relatively low levels of knowledge about several aspects of
pertussis clinical management, with just over 10% of respondents answering at least 80% of
questions correctly. While research regarding provider knowledge of pertussis clinical
management is scarce relative to research examining provider knowledge of pertussis
vaccination strategies, it appears that knowledge of pertussis reporting requirements was
higher among participants than in previous studies, although knowledge regarding
prevention and control measures performed by public health practitioners was similarly
poor[61, 72]. Knowledge did not significantly differ by length of time spent in clinical
practice, the country where participants had received medical training, specialty, or by patient
characteristics. Physicians who had previously encountered and diagnosed at least one case
of pertussis were more likely to have higher knowledge of pertussis clinical management
than those who had never personally diagnosed a case.

Attitudes toward pertussis reporting requirements were consistent with previous
findings[61], and attitudes regarding the seriousness of pertussis infection in the El Paso
region were generally supportive that pertussis is a serious disease. Pediatricians were
generally found to agree more strongly with statements that pertussis is a serious disease and
that reporting of cases to the health department is relatively easy compared to physicians of
other specialties. These attitudes may arise because a larger proportion of pediatricians had
direct experience with diagnosing cases of pertussis than non-pediatricians, who were much
less likely to have knowingly encountered pertussis infection in a clinical setting.

There is currently little research examining provider knowledge of pertussis testing

requirements, although a 2009 study of urgent care providers in Utah showed that over 80%
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of providers were able to identify PCR as the preferred method of identifying pertussis in a
child, with the remainder indicating either bacterial culture or DFA[61]. In contrast, just 68%
of participants indicated that PCR is an appropriate test to confirm suspected pertussis
infection according to Texas state guidelines, while nearly three-quarters (73%) of
respondents felt that clinical judgment alone was sufficient to confirm pertussis infection
and nearly half (49%) indicated that serologic testing was appropriate. Somewhat
surprisingly, physician knowledge was not significantly associated with utilizing either PCR
or serology to perform confirmatory testing of suspected cases of pertussis infection.
Reporting practices were not found to differ significantly based on participant
knowledge, attitudes, or across physician and patient demographic characteristics. Despite
relatively uniform reporting practices across respondents, it is clear that some degree of
underreporting occurs, with a quarter of respondents indicating that they rarely reported
cases of suspected pertussis to the health department and half of respondents claiming to

“usually” or “always” report as required.

Knowledge as a Predictor of Pertussis Testing Practices

Predictors of the odds of utilizing PCR or serology to confirm suspected cases of
pertussis were of great interest, both to identify factors that may lead to an increased
likelihood of correctly or incorrectly testing for an infectious disease of regional significance
and to reveal potential targets for future physician-based interventions.

When multivariate logistic regression models were constructed to examine the extent
to which pertussis knowledge is associated with confirmatory testing practices, it was found
that on average, the odds of ordering PCR to confirm suspected pertussis infection increased
3.68-fold among physicians classified as having good pertussis-related knowledge relative to

physicians with poor knowledge. It was also found that, on average, physicians with poor
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knowledge had odds of utilizing serologic testing to confirm pertussis infection that were
3.14 times greater than the odds among their colleagues with good knowledge. While this
relationship held after controlling for potential confounders and effect modifiers, it should
be noted that the association was not deemed significant. Increasing the study sample size,
either through improved participation among eligible respondents or expansion of the
assessment to additional regions of the city of El Paso, may be necessary to confirm the

relationship between knowledge and confirmatory testing practices.

Potential Targets for Physician-Based Intervention

Respondents had little knowledge regarding the appropriate tests to confirm
pertussis infection according to Texas state guidelines, as well as poor knowledge regarding
the actions taken by public health authorities when a case of pertussis has been reported.
The observation that knowledge regarding pertussis clinical management was low may be
attributed to the fact that the assessment study population included physicians whose clinical
specialties and practice settings would make a direct encounter with pertussis infection
uncommon, and who are therefore less likely to be familiar with pertussis clinical
management. The experience of the El Paso Department of Public Health, however,
suggests that a significant proportion of pertussis cases may be initially misdiagnosed by
providers as a chronic cough or allergies, and only later confirmed as pertussis in an urgent
care or emergency department setting. Thus, increasing knowledge of pertussis symptoms,
appropriate laboratory testing, and state reporting requirements among physicians who are
likely to unknowingly encounter and misdiagnose cases of pertussis may be an effective use
of resources to reduce the risk of secondary transmission of pertussis in the Paso del Norte

region.
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The knowledge areas of greatest priority for future interventions among El Paso
physicians should focus on the identification of symptoms that may be associated with
pertussis, including the variability in clinical severity of symptoms, as well as basic
epidemiologic measures of the disease in the Paso del Norte region and Texas, potential
public health impacts of incorrect diagnostic testing practices, and strategies to improve
reporting of both confirmed and suspected cases of pertussis.

After exploring the relationships between pertussis-related knowledge and the odds
of employing PCR and serology to test suspected pertussis infection, it became clear that
knowledge alone did not significantly predict either appropriate or inappropriate testing
practices. Multivariate logistic regression was then used to identify other predictors of
pertussis testing practices. It was found that both specialty and clinical practice setting were
significantly associated with the odds of utilizing PCR to confirm pertussis infection.
Pediatricians had odds eight-fold greater of utilizing PCR relative to colleagues who
practiced non-pediatric specialties, controlling for clinical practice setting, while physicians
who practiced medicine in a hospital setting had odds of employing PCR that were seven-
fold higher than colleagues who only practiced in an outpatient or community health setting
when controlling for clinical specialty. This suggests that while education is needed in all
groups, targeting interventions aimed at improving the utilization of PCR to confirm
suspected cases of pertussis is especially needed for physicians of non-pediatric specialties
who may be less likely to suspect and diagnose pertussis infections.

Two predictors associated with use of serologic testing remained significant after
backward elimination. Clinical specialty was again found to be associated with pertussis
management practices, with pediatricians having reduced odds of using serologic testing

inappropriately to confirm suspected pertussis infection relative to colleagues of other
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specialties. Interestingly, where physicians received their medical training was found to be
marginally associated with the odds of employing serologic testing. Physicians who had
attended medical school in Mexico had odds of utilizing serology that were 5.6 times greater
than their U.S.-trained colleagues, while physicians of other foreign medical schools also had
slight, though not significant, increase in odds of using serology. Because a significant
proportion of medical providers in El Paso receive medical training outside of the United
States, in large part due to the geography and binational character of the region, future
interventions may benefit by targeting physicians who received their medical education in
other countries. Foreign countries may have differing pertussis case definitions, clinical
management recommendations, vaccination coverage rates, and respiratory disease
epidemiology, although ideally these factors should be minimized as graduates of foreign
medical schools are required to undertake extensive clinical residency training in the United
States prior to practicing medicine.

The predictors identified through backward elimination, including clinical specialty,
country of medical education, and practice setting, help to identify populations that are more
likely to exhibit poor clinical management of pertussis according to Texas state guidelines.
These predictors, however, are not amenable to change through intervention or other
means. Improving pertussis knowledge is therefore still important from the perspective of
improving disease surveillance and reducing disease burden through physician-based

interventions.
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CONCLUSIONS & RECOMMENDATIONS

Strengths and Limitations

This assessment provides local, state, and federal public health organizations in El
Paso with much-needed information about the current state of physician knowledge,
attitudes, and practices regarding pertussis-related clinical management in El Paso. While the
El Paso Department of Public Health has anecdotal evidence suggesting that physicians in
the area continually run inappropriate diagnostic tests for pertussis, it has historically not had
access to data regarding clinician knowledge of pertussis disease and diagnostic practices,
knowledge of pertussis reporting guidelines in the state of Texas, case reporting practices,
and attitudes regarding pertussis case reporting. This information is essential for public
health practitioners in the region to better understand the factors that influence pertussis
diagnostic practices and timely reporting of notifiable diseases, identify gaps in pertussis
knowledge among the city’s providers, and inform the creation of targeted and effective
interventions designed to address shortcomings in the clinical management of a rapidly-
reemerging infectious disease.

Many studies that utilize a KAP assessment describe the current state of knowledge,
attitudes, and practices in a population without further exploring the relationship between
knowledge and behavior. Studies that do further explore the association between knowledge
and practice, however, generally do so in the context of evaluating the effectiveness of a
knowledge-based intervention. Evaluation of knowledge-based interventions typically takes
place using baseline and follow-up studies done before and after the specified intervention is
implemented, respectively. The use of maximum likelihood logistic regression models in a
piloted study, however, may help to inform efforts prior to implementation and provide

insight into whether knowledge-based interventions have the potential to succeed, while also
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identifying additional factors that may influence their success. This method also allows
researchers to identify populations and aspects of pertussis clinical management that may
benefit most from future interventions designed by state and local public health services.
While this assessment has the potential to inform intervention efforts prior to
implementation, it must also be noted that the study had several important limitations,
including aspects of survey design and administration, continually evolving pertussis case
definitions, as well as a small sample size. There is very limited existing research regarding
pertussis clinical management-related knowledge, attitudes, and practices among providers,
and none that has been identified among El Paso physicians. The majority of pertussis-
related KAP assessments concern provider, patient, and parent knowledge, attitudes, and
practices toward the Tdap or DTaP vaccines. For this reason, the survey could not be closely
modeled on previously-published, pre-tested, and piloted works. While steps were taken to
ensure face validity of questions and to pilot the survey, more extensive validation was
beyond the scope of this project. Knowledge may be best measured using open-ended
questions so that participants are required to provide the information without encountering
potentially leading questions or restrictive choices. However, due to concerns that such a
survey would lead to low participation and response rates among physicians, it was decided
to make the survey as simple as possible by reducing the amount of necessary write-in
components and maximizing the number of questions that were multiple choice format
while minimizing the number of total questions. This necessitated anticipating the most
likely responses by participants for each question, as well as the compression of behavior-
based questions when possible into a multiple choice format that allowed participants to

select multiple answers.
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The study was also limited by the methods of survey distribution and collection.
Because offering incentives to complete the survey were beyond the scope and financial
constraints of the project, there was much concern regarding the sampling of physicians,
who generally have very low response rates to KAP surveys. In an effort to maximize
respondent participation, it was elected to distribute paper copies of the survey in a marked
envelope to eligible participants rather than distribute an online version of the assessment via
email. Due to time and budget constraints, the survey was administered only to physicians in
the central region of El Paso consisting of downtown and portions of the West Side, as
defined by ZIP code. The entire city of El Paso encompasses over 250 square miles and
inclusion of physicians throughout the entire area was not feasible for this project. By
conducting a survey of convenience and excluding physicians in the upper West Side and the
eastern portion of the city, we likely excluded many physicians who have a greater degree of
experience with pertussis. A 2013 report published by the EP DPH suggests that a majority
of reported pertussis cases occurred in out regions of the city, particularly in the northern
and eastern portions of the city[54].

Accurate assessment of provider knowledge of pertussis clinical management,
particularly knowledge of pertussis case definitions and associated clinical symptoms, is
difficult to measure due to continually evolving guidelines pertaining to the classification of
pertussis. At the time that the survey was conducted, the TX DSHS Guidelines for
Investigation and Control of Invasive, Respiratory, Foodborne, and Vaccine-Preventable
Diseases, which serves as a tool to help local and regional public health staff with
surveillance activities and investigations, defined a case of pertussis as “a cough illness lasting
at least 14 days AND at least one of the following additional symptoms and without other

apparent case (as reported by a health professional): Paroxysmal cough, inspiratory ‘whoop,’
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post-tussive vomiting, sneezing and runny nose, fever, or apnea with or without cyanosis if
under 1 year old.” As of January 2014, however, the case definition of pertussis has been
revised to exclude fever and sneezing or runny nose. In addition, there is much discussion as
to whether the case definition should be further refined to include a cough illness of any
duration|73], particularly among young infants, and future revision of the case definition is
likely. The continual revision of pertussis case definitions underscores the importance of
outreach to physicians by local, state, and federal public health organizations to ensure that
clinically-relevant findings are disseminated as knowledge of infectious diseases evolves.

In addition to limitations in study design, administration, and pertussis case
definitions, the assessment was also limited by a small sample size. The survey analyses
included just 45 physicians, limiting the statistical power. As a result, it was likely difficult to
detect true relationships between variables of interest among sub-samples in the study.
Additional studies, including baseline and follow-up of any knowledge-based interventions,
will need to include a larger sample to verify the relationships of interest between knowledge
and behavior. This may be more easily accomplished by the EP DPH, which likely has

access to greater resources and influence among physicians in the region than the CDC.

Conclusions and Recommendations

Physician knowledge of pertussis clinical management was not found to be
significantly associated with pertussis testing practices as originally hypothesized. Even
controlling for physician demographic characteristics, such as medical specialty, clinical
practice setting, and pertussis experience, knowledge was not found to be strongly associated
with testing behavior. However, knowledge may not be the best predictor of pertussis testing
behavior by providers. Primary specialty, clinical practice setting, and the country of medical

education were all found to be significantly associated with either PCR testing behavior or
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serology testing behavior. Unfortunately, these predictors do not provide an easy
opportunity for behavior change and are not characteristics that are amenable to
intervention. While they are helpful for informing and targeting interventions designed by
public health practitioners and researchers, knowledge will likely continue to be an important
component of any physician interventions targeting the clinical management and enhanced
surveillance of pertussis.

Further research will be necessary to confirm the extent of any relationship between
pertussis knowledge and behavior, as well as to identify additional factors that better predict
pertussis testing behavior and offer feasible opportunities for intervention. Similar
assessments with a larger sample size may provide greater statistical power with which to
detect a true relationship. Further studies examining the associations between specific facets
of pertussis knowledge, such as knowledge of pertussis symptoms and case definitions,
pertussis detection, pertussis treatment, or DTaP/Tdap vaccination, and vatious clinical
management behaviors may also be worthwhile. The current study does not differentiate
between specific aspects of pertussis knowledge beyond identifying existing gaps in
knowledge. Additional opportunities may exist to examine physician board specialty
certification and re-certification status, as boards are usually stringent on testing for
diagnostic case definitions.

Additional qualitative research, such as focus groups or interviews, may also serve to
identify existing barriers to the transition of knowledge into practice by providing an open
forum for discussion that is not available in multiple choice surveys. Despite the
unavailability of free response space on this survey, several surveys were returned with notes
and comments expressing concerns regarding a perceived lack of support of clinicians by the

EP DPH, or suggestions for how to improve communication between medical providers
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and public health agencies. The local health department may find value in structuring future
interventions in a manner that fosters open discussion between clinical and public health
professionals to address any real or perceived lack of support among clinicians. This may
also serve to improve physician participation in future surveillance, investigations, and
assessments carried out by CDC, TX DSHS, or EP DPH in the region.

Until further research is done to identify factors that best predict pertussis testing
behaviors, interventions in El Paso aimed at improving clinical management of pertussis
should focus on improving pertussis knowledge among providers who are most likely to
encounter cases of pertussis, including clinicians who may not expect to come across cases
of pertussis but are likely to encounter upper respiratory infections in individuals of any age.
Although improved knowledge does not appear to be significantly associated with pertussis
testing practices according to this study, better knowledge among clinicians may in fact be
associated with other pertussis clinical management behaviors, such as case reporting,
treatment and appropriate use of prophylaxis, or pertussis vaccination. In cases where
resources are limited, interventions should be targeted to groups identified as most likely to
utilize pertussis confirmatory testing inappropriately, including physicians who specialize in
non-pediatric medicine, practice in outpatient offices or community health centers, or who
received their medical education from a Mexican medical school. Evaluation should be
conducted regardless of the scope of the intervention to determine the effectiveness of the
intervention and inform future research.

This study generally found physicians in El Paso to have reasonable amounts of
pertussis-related knowledge, although many had significant gaps in areas such as pertussis
case definitions, case reporting and subsequent action by public health workers, and

diagnostic testing. Many physicians continue to utilize inappropriate diagnostic tests to
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confirm pertussis infection, negatively affecting pertussis surveillance and investigation in the
region. As a result, there are many existing opportunities for future research and intervention
among El Paso physicians in regard to improved clinical management of pertussis. Improved
clinical management will become an increasingly important priority in El Paso as pertussis
incidence continues to rise in the Paso del Norte region, the state of Texas, and the United

States as a whole.
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Table 1. Self-reported demographic characteristics of participating physicians and
demographic characteristics of patients as estimated by respondents

Physician Demographics N (%)
Practice Setting* 45
Outpatient Setting 41 (91.1)
Inpatient/Hospital Setting 20 (444
Emergency Department/Urgent Care 5 (11.1)
Intensive Care Unit 10 (22.2)
Community Health Center 3 (6.7)
Duration of Clinical Practice 43
0-5 years 11 (25.6)
6-10 years 7 (16.3)
11-15 years 5 (11.6)
16+ years 20 (46.5)
Primary Specialty 45
General Practice 2 (44
Family Medicine 6 (13.3)
Internal Medicine 6 (13.3)
Pediatrics 19 (42.2)
Obstetrics/Gynecology 2 (44
Allergy/Immunology 1 (22
Other 9 (20.0)
Country of Medical Education 45
United States 23 (51.1)
Mexico 13 (28.9)
Other 9 (20.0)
Patient Demographics N (%)
% Patients using Medicaid/Self-Payment 44
0-10% 6 (13.6)
11-20% 3 (6.8)
21-30% 10 (22.7)
31%+ 20 (44.5)
Don’t Know 5 (11.4)
% Patients regularly traveling to Mexico 44
0-10% 10 (22.7)
11-20% 11 (25.0)
21-30% 5 (11.4)
31%+ 14 (31.8)
Don’t Know 4 9.7
Primary Age of Patients 44
Young Children (under 2 years) 11 (25.0)
Children and adolescents (2-19 years) 10 (22.7)
Adults (20-64 years) 19 (43.2)
Seniors (65+ years) 4 (9.1)

* Respondents could select multiple answers
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Table 2. Physician experience with pertussis indicated by the total number of cases
diagnosed over respondents’ careers and the perceived five-year change in annual incidence

of pertussis
Pertussis Experience N (%)
Number of Diagnosed Pertussis Cases 44
None 22 (50.0)
1-5 17 (38.0)
6+ 5 (11.4)

Perceived Change in Annual Incidence Over Past 5 Years

Physicians Who Have Previously Diagnosed Pertussis 18
Increase 8  (40.0)
Dectrease 4 (20.0)
No change 3 (15.0)
Don’t Know 5  (25.0)
Physicians Who Have Never Diagnosed Pertussis 6
Increase 1 (16.7)
No change 1 (16.7)
Don’t Know 4 (66.7)

Table 3. Differences in the proportion of physicians who have encountered pertussis by
medical specialty, duration of clinical practice excluding residency training, and country of
medical training

Number of Physicians who have
respondents encountered pertussis
Demographic Characteristic N N (%)
Physician Specialty 44
Pediatrics 19 13 (68.4)
Other 25 9 (36.0)
P-value 0.03
Clinical Practice Duration 42
0-5 years 11 2 (18.2)
6-10 years 7 4 (57.1)
11-15 years 5 2 (40.0)
16+ years 19 13 (68.4)
P-value 0.05
Country of Medical Education 44
United States 22 8 (36.4)
Mexico 13 11 (84.0)
Other 9 3 (33.3)

P-Value 0.01
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Table 4. Distribution of correct responses to pertussis knowledge questions and knowledge score summary among all respondents

N Correct %
Pertussis knowledge questions and possible answers Response Correct
What is the minimum cough duration associated with pertussis? (N=306)
7 days 11
10 days 5 14 days 22.2%
14 days 8
21 days 12
Is immunity following pertussis vaccination lifelong? (N=39)
;‘: 306 No 92.3%
Don’t Know 3
Is immunity following pertussis infection lifelong? (N=38)
;‘: 219 No 76.3%
Don’t Know 8
Which of the following statements is correct regarding reporting of pertussis to public health in Texas? (N=38) All suspected
Pertussis is not a notifiable disease in Texas 1 and confirmed
Pertussis reporting should occur with laboratory confirmed cases only 5  cases should be 84.2%,
All suspected and confirmed cases should be reported within 24 hours 32 reported in 24 '
Pertussis should be reported only if it is present in infants less than 1 year of age 0 hours
Other than cough duration, which of the following symptoms may be associated with pertussise* (IN=39)
Paroxysms of coughing 35 Yes 89.7%
Sneezing and runny nose 22 Yes 56.4%
Inspiratory “whoop” 35 Yes 89.7%
Vomiting 31 Yes 79.5%
Apnea 24 Yes 61.5%
Fever 26 Yes 66.7%




Table 4. (cont.) Distribution of responses to pertussis knowledge questions and knowledge score summary among all respondents
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Correct %
Pertussis knowledge questions and possible answers N Response Correct
Which of the following scenarios are sufficient to confirm diagnosis of pertussis?* (N=30)
Cough illness of two weeks with paroxysms of coughing, inspiratory whoop, post-tussive vomiting, or apnea 13 No 36.1%
Acute cough of any duration with isolation of B. pertussis from a clinical specimen 25 Yes 69.4%
A case that meets the clinical case definition with B. pertussis-specific nucleic acid detected by PCR 23 Yes 63.9%
A case that meets the clinical case definition with B. perfussis antibodies detected serologically 20 No 55.6%
A case that meets the clinical case definition and is epidemiologically linked to a laboratory-confirmed case 18 Yes 50.0%
Which of the following methods are confirmatory for the purposes of public health reporting of pertussis?* (N=41)
Clinical judgment alone is sufficient 30 No 73.2%
Culture 25 Yes 61.0%
PCR 28 Yes 68.3%
Serology 21 No 51.2%
Direct Fluorescent Antibody (DFA) 26 No 63.4%
When a case of pertussis is reported the health department may take which of the following actions?* (IN=44)
Tally the case for statistical purposes 26 Yes 59.1%
Call the patient or family to identify contacts at risk of getting the disease 34 Yes 77.3%
Prescribe antibiotics for contacts 27 No 61.4%
Go to the patient’s house and obtain samples from an untested patient or asymptomatic contact 22 No 50.0%
Report the case electronically to the CDC 25 Yes 56.8%

Mean (SD)
Median (Q3, Q1)

Knowledge Score Summaryt

14.64 (4.51)

15.00 (18.00, 12.00)

* Respondents could select multiple answers
T Knowledge scores range from 0-25



Table 5. Classification of physician knowledge by knowledge score

Physician Knowledge Classification N (%)
Knowledge Classification 45
Poor (Score 0-12) 14 (31.1%)
Fair (Score 13-19) 26 (57.8%)
Good (Score 20-15) 5 (11.1%)

Table 6. Summary of pertussis attitude scores for all respondents

Score
Mean (SD) Median
Physician attitudes toward pertussis N (Q3,Q1)
Attitudes on the importance of pertussis*
Pertussis is a high priority illness in El Paso 40 2.85 (0.98) 3.0 (3.0,2.5)
Attitudes on the severity of pertussis illness*
Pertussis is a serious illness in young children 40 3.48 (0.78) 4.0 (4.0,3.0
Pertussis can be a serious illness in adolescents and adults 40 3.15 (0.83) 3.0 (4.0,3.0)
Attitudes on pertussis reporting*
Reporting a case of pertussis to the health department is easy 40 2.83 (0.90) 3.0 (3.5,2.0)
Reporting a case of pertussis to the health department takes too much time 40 2.55 (0.96) 2.0 (3.0,2.0
Attitudes Score Summaryt 40 14.85 (3.21)  15.0 (17.0,13.0)

* Individual attitude scores range from 0 to 4 based on whether respondents strongly disagreed, disagreed, were neutral toward, agreed, or
strongly agreed with each statement
T Aggregate attitude scores ranges from 0 to 20 reflecting the sum of each individual attitude score
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Table 7. Summary of pertussis testing and reporting practice scores for all respondents

Score
Mean (SD) Median
Physician practices regarding pertussis testing and reporting N (Q3,Q1)
Testing*
Confirms suspected pertussis using PCR or culture in lieu of serologic testing 37 1.68 (1.42)  2.00 (3.0,0.0)
Confirms suspected pertussis using serologic testing in lieu of PCR or culture 41 1.36 (1.41)  1.00 (3.0,0.0)
Reporting*
Reports suspected or confirmed cases of pertussis to the local health department 41 2.53(1.32)  3.00 (4.0,1.0)

* Practice scores range from 0-4 based on whether respondents never, rarely, sometimes, usually, or always performed a given action



demographic characteristics

Table 8. Mean physician knowledge and attitude scores of participants by select

Score (Mean  SD)

Demographic Characteristics Knowledge Attitudes
Country of Medical Education
United States 13.56 £530  15.11 £2.87
Mexico 1577 £3.70 1531 £ 2.39
Other 1578 £2.68  13.67 £ 4.69
P-value 0.35 0.46
Clinical Practice Duration
0-5 years 1490 £ 493 14.33 £ 5.50
6-10 years 1214 £ 348  15.00 £ 2.28
11-15 years 13.60 = 3.21 14.40 = 2.51
16+ years 1520 + 4.83 1511 £ 2.45
P-value 0.37 0.94
Primary Specialty
Pediatrics 15.84 £ 436  16.12 £ 226
Other 13.77 £ 449 1391 £ 3.51
P-value 0.11 0.03
Clinical Practice Setting
Hospital and Outpatient 14.64 £ 4.09  15.06 £ 2.49
Outpatient only 14.65+5.09 1471 £ 3.65
P-value 0.98 0.74
Diagnosed Pertussis Cases
None 12.86 £ 449  14.63 £ 3.80
1+ cases 16.77 £3.39 1544+ 273
P-value 0.002 0.57
% Patients using Medicaid/Self-Payment
0-10% 1283 £ 496  14.40 £3.05
10% + 15.33 + 4.11 15.30 + 2.42
P-value 0.22 0.46
% Patients regularly traveling to Mexico
0-10% 1410+ 345  14.67+ 224
10% + 1537 £ 415  15.30 £ 258
P-value 0.37 0.52
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Table 9. Proportion of respondents who indicated “usually” or “always” utilizing PCR or
bacterial culture to confirm suspected pertussis infection

“usually” or “always” order
PCR or culture

Physician Characteristics N (%) p-value
Knowledge 37
Poor 1 (14.3)
Fair 10 (40.0) 0.58
Good 2 (40.0)
Country of Medical Education 37
United States 5 (31.3)
Mexico 5 (38.5) 0.91
Other 3 (375
Clinical Practice Duration 35
0-5 years 2 (28.0)
6-10 years 1 (20.0) 0.69
11-15 years 3 (60.0) '
16+ years 7 (38.9)
Primary Specialty 37
Pediatrics 9 (56.3) 0.04
Non-pediatrics 4 (19.1) )
Clinical Practice Setting 37
Hospital and Outpatient 9 (56.3) 0.04
Outpatient only 4 (19.1) )
Diagnosed Pertussis Cases 37
None 3 (18.6)
1+ cases 10 (47.6) 0.09
% Patients using Medicaid/Self-Payment 33
0-10% 0 (0.0 013
10% + 12 (42.9) '
% Patients regularly traveling to Mexico 34
0-10% 2 (222 0.44
10% + 10 (40.0)
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Table 10. Proportion of respondents who indicated “usually” or “always” utilizing serologic
testing to confirm suspected pertussis infection

“usually” or “always” order

serology

Physician Characteristics N (%) p-value
Knowledge 41

Poor 5 (41.7)

Fair 4 (16.7) 0.16

Good 2 (40.0)
Country of Medical Education 41

United States 4 (19.1)

Mexico 5 (38.5) 0.46

Other 2 (28.6)
Clinical Practice Duration 39

0-5 years 3 (33.3)

6-10 years 3 (42.9)

11-15 years 0 (0.0 046

16+ years 4 (21.7)
Primary Specialty 41

Pediatrics 2 (111 0.08

Non-pediatrics 9 (39.1) )
Clinical Practice Setting 41

Hospital and Outpatient 5 (27.8) 0.90

Outpatient only 6 (26.1) ’
Diagnosed Pertussis Cases 40

None 5 (27.8)

1+ cases 6 (27.3) 097
% Patients using Medicaid/Self-Payment 37

0-10% 1 16.7)

10% + 7 (22.6) 100
% Patients regularly traveling to Mexico 38

0-10% 3 (30.0) 0.67

10% + 6 (214
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Table 11. Proportion of respondents who indicated “usually” or “always” reporting a case of
pertussis to the local health department

“usually” or “always”
report a case of pertussis

Physician Characteristics N (%) p-value
Knowledge 41
Poor 7 (63.6)
Fair 14 (53.8) 0.71
Good 3 (75.0)
Country of Medical Education 41
United States 12 (63.2)
Mexico 8 (61.5) 0.62
Other 4 (444
Clinical Practice Duration 39
0-5 years 5 (55.6)
6-10 years 5 (7114 0.61
11-15 years 4 (80.0) ’
16+ years 3 (50.0)
Primary Specialty 41
Pediatrics 12 (66.7) 0.35
Non-pediatrics 12 (52.2) '
Clinical Practice Setting 41
Hospital and Outpatient 10 (55.6) 0.73
Outpatient only 14 (60.9) ’
Diagnosed Pertussis Cases 40
None 10 (92.6)
1+ cases 14 (66.7) 0.37
% Patients using Medicaid/Self-Payment 36
0-10% 2 (33.3) 016
10% + 21 (70.0) '
% Patients regularly traveling to Mexico 37
0-10% 7 (77.8) 0.43

10% + 16 (57.1)




Table 12. Final model for the association between knowledge and utilizing PCR or culture testing to confirm pertussis diagnosis

. Odds Confidence Width of Parameter Standard
Predictor Referent Group . Confidence . p-value
Ratio Interval Estimate Error
Interval

Intercept N/A N/A N/A N/A -3.42 1.35 0.01

Knowledge- Fair Knowledge-Poor 1.618 (0.114, 23.022) 22.908 0.48 1.35 0.72

Knowledge- Good Knowledge-Poor 3.681 (0.140, 96.478) 96.338 1.30 1.67 0.43

Pediatric Specialty Other Specialty 7.920 (1.043, 60.120) 59.077 2.07 1.03 0.05

Hospital + O i
OSpHA T UPANCAL o ipatientOnly 8220 (1.302,51.896)  50.549 2.11 0.94 0.03
Setting
N Di d
Diagnosed Pertussis cver LIaghose 1429 (0.201,10.147) 9.946 0.36 1.00 0.72
Pertussis

Table 13. Final model for the association between knowledge and utilizing serologic testing to confirm pertussis diagnosis

. Odds Confidence Width of Parameter Standard
Predictor Referent Group . Confidence . p-value
Ratio Interval Estimate Error
Interval

Intercept N/A N/A N/A N/A 0.03 0.68 0.96

Knowledge- Fair Knowledge-Poor 0.187 (0.025, 1.4106) 1.391 -1.67 1.03 0.10

Knowledge- Good Knowledge-Poor 0.318 (0.022, 4.567) 4.545 -1.14 1.36 0.40

Pediatric Specialty Other Specialty 0.164 (0.024, 1.104) 1.080 -1.80 0.97 0.06

N Di d
Diagnosed Pertussis cver LIaghose 3458 (0.461,25.938) 25.477 1.24 1.03 0.23

Pertussis
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Table 14. Final model for other predictors of utilizing PCR or culture testing to confirm pertussis diagnosis

. Odds Confidence Width of Parameter Standard
Predictor Referent Group . Confidence . p-value
Ratio Interval Estimate Error
Interval

Intercept N/A N/A N/A N/A -2.69 0.90 0.003

Pediatric Specialty Other Specialty 8.285 (1.399, 49.066) 47.667 2.11 0.91 0.02
Hospital + O i

OSpHta’ T VUIPANCL () ipatient Only  7.424  (1.205,45761)  44.556 2.00 0.93 0.03

Setting

Table 15. Final model for other predictors of utilizing serologic testing to confirm pertussis diagnosis

. Odds Confidence Width of Parameter Standard
Predictor Referent Group . Confidence . p-value
Ratio Interval Estimate Error
Interval
Intercept N/A N/A N/A N/A -0.93 0.59 0.12
Pediatrics Other Specialty 0.108 (0.015, 0.798) 0.783 -2.22 1.02 0.03
Medical School- Mexico ~ Medical School- U.S. 5.646 (0.824, 38.713) 37.889 1.73 0.98 0.08

Medical School-Foreign ~ Medical School- U.S 1.527 (0.193, 12.112) 11.919 0.42 1.06 0.69




APPENDICES
Appendix 1: Assessment Tool

Assessment of Knowledge, Attitudes, and Practices Regarding
Pertussis in El Paso Physicians

The purpose of this study is to assess the knowledge, attitudes, and practices of El Paso physicians regarding the
diagnosis and reporting of cases of pertussis. The study is sponsored by the El Paso Department of Public Health
and the CDC El Paso Quarantine Station. The survey is 30 questions long and should take 15 minutes or less to
complete. Results from this assessment will be used to tailor pertussis education for El Paso physicians. Your
participation is completely voluntary and confidential. We will not collect your name and other facts that might
point to you as part of this study. All participation will take place anonymously and investigators will be blind to
the identity of study participants.

1. Do you currently diagnose and treat patients and plan to continue to do so for the next 12 months?
[INo, | do not. You may stop here, thank you for your participation
[lyes, | currently see patients. Please continue with the survey.

2. Where do you see patients? (Check all that apply)
ClOutpatient clinic or office CJCommunity Health Center Cintensive care unit
[CJEmergency Department/Urgent care Oinpatient hospital ward

3. How many years have you been in clinical practice?
5 years or less [16-10 years [111-15 years [J16 or more years

4. What is your primary specialty?
[JGeneral Practice [CJFamily Medicine CJinternal Medicine [CJPediatrics
[CIObstetrics/Gynecology CJAllergy/Immunology ClOther (please specify):

5. In what country did you attend medical school?
[JUnited States [COMexico [Jother (please specify):

6. What percentage of your patient volume self-pays or utilizes Medicaid? (You do NOT need to use an outside
source for more accurate information-just give your best estimate)
[J0-10% [J11-20% [J21-30% [IMore than 30% [JI don’t know

7. What percentage of your patients are persons that reside in or travel regularly to Mexico? (You do NOT
need to use an outside source for more accurate information-just give your best estimate)
[J0-10% 011-20% [021-30% COMore than 30% 1 don’t know

8. How would you categorize the age of the majority of your patients?
[JYoung children (Under 2 years) [Children and adolescents (2-19 years) ]I don’t know
CJAdults (20-64 years) [ISeniors (65+)

9. How many cases of pertussis have you diagnosed in the past five years?
[INone 15 Je6-10 J11-15 [J16-20 021+

Assessment of Knowledge, Attitudes, and Practices Regarding Pertussis in El Paso Physicians Page 1
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10. How has the annual number of pertussis cases that you've encountered changed over the last five years?
[OThe number has increased CIThe number not changed Il don’t know if the number has changed
[IThe number has decreased [J1 haven’t encountered any cases of pertussis in the last five years

11. What is the minimum cough duration associated with clinical pertussis?
[]7 days [J10 days [J14 days [7121 days or greater

12. Other than cough duration, which of the following symptoms may be associated with pertussis? (Check all

that apply)
[OParoxysms of coughing [OSneezing and runny nose Clinspiratory “whoop”
[JVomiting [JApnea [CJFever

13. Is immunity following pertussis vaccination lifelong?
CYes CONo 1 don’t know

14. Is immunity following pertussis infection lifelong?
ClYes [CONo 1 don’t know

15. In an adolescent or adult patient presenting with nonspecific symptoms, do you exclude pertussis from a
differential diagnosis for any of the following reasons? (Check all that apply)
CIThe patient is up to date with DTaP or Tdap vaccinations
[JPertussis is largely a childhood disease
[CIThe clinical findings are not consistent with pertussis
OPertussis is an uncommon infection in El Paso
[J1 do not rule out pertussis as a possible diagnosis without other apparent cause

16. Which of the following are sufficient to confirm diagnosis of pertussis? (Check all that apply)
[JCough illness of 2 weeks duration with paroxysms of coughing, inspiratory whoop, post-tussive vomiting, or apnea

CJAcute cough of any duration with isolation of B. pertussis from a clinical specimen
[JA case that meets the clinical case definition with B. pertussis-specific nucleic acid detected by PCR

[CJA case that meets the clinical case definition with B. pertussis antibodies detected serologically
[JA case that meets the clinical case definition and is epidemiologically linked to a laboratory-confirmed case

17. Which of the following statements is correct regarding reporting of pertussis to public health in Texas?
CPertussis is not a notifiable disease in Texas
[JPertussis reporting should occur with laboratory confirmed cases only
CJAll suspected and confirmed cases should be reported within 24 hours
[IPertussis should be reported only if it is present in infants less than 1 year of age

18. How often do you utilize PCR or culture to confirm clinical suspicion of pertussis in lieu of serology?
CJAlways CJusually [JSometimes [CJRarely [ONever

Assessment of Knowledge, Attitudes, and Practices Regarding Pertussis in El Paso Physicians Page 2



19. How often do you utilize serologic testing to confirm clinical suspicion of pertussis in lieu of PCR or culture?
CJAlways CJUsually [JSsometimes [CJRrarely [INever (Skip to Question 21)

20. For which of the following reasons have you ordered serologic testing rather than other laboratory
methods when confronted with a suspected case of pertussis? (Check all that apply)
[Collecting a nasopharyngeal swab is difficult
[JCollecting a nasopharyngeal swab takes too much time
[J1 am not comfortable collecting a nasopharyngeal swab
[JPatients are more likely to accept phlebotomy than a nasopharyngeal swab
it is easier to perform phlebotomy than collect a nasopharyngeal swab
[OThe patient presented late in the course of illness, when other methods such as culture or PCR were less likely to
yield accurate results
[serologic testing is less expensive than other laboratory methods
[IOther (please specify):

21. Which of the following methods are confirmatory for the purposes of public health reporting of pertussis?
(Check all that apply)
[Clinical judgment alone is sufficient ~ CICulture CIPCR
[ISerology [CIDirect Fluorescent Antibody (DFA) [l don’t know

22. How often does your practice report cases of pertussis to the health department?
CJAlways CJusually [JSometimes CJRarely

23. Who in your practice contacts the health department to report cases of reportable disease? (Check all that

apply)
CIProviders Cllaboratory personnel [IMedical Assistants ClOffice Assistants
Oinfection control nurses  [INurses [JSomebody does, but I’'m not sure who
[IOther (please specify):

24. After a case of pertussis is reported to the health department, the health department may take which of
the following actions? (Check all that apply)
[Tally the case for statistical purposes
[JIcCall the patient or family to identify contacts at risk of getting the disease
[CPrescribe antibiotics for contacts
[JGo to the patient’s house and obtain a sample from an untested patient or asymptomatic contact
[JReport the case electronically to the CDC
[JI don’t know

25. When you encounter a clinical case that you suspect to be pertussis, what action do you take? (Check all
that apply)

[ISupply supportive care [JPrescribe antibiotics
[identify and prescribe antibiotics to close contacts [JAdminister a booster of DTaP or Tdap to close contacts
[J1 don’t encounter suspected cases of pertussis [JOther (please specify):
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For Questions 26-30, rate how strongly you agree or disagree with the following statements

26. Pertussis is a high priority illness in El Paso
[IStrongly Disagree [IDisagree [ONeutral CJAgree

27. Pertussis is a serious illness in young children
[Strongly Disagree [IDisagree [INeutral CJAgree

28. Pertussis can be a serious illness in adolescents and adults
[JStrongly Disagree [IDisagree [INeutral ClAgree

29. Reporting a case of pertussis to the health department is easy
[Istrongly Disagree [CIDisagree [INeutral ClAgree

30. Reporting a case of pertussis to the health department takes too much time
[Jstrongly Disagree [IDisagree [INeutral ClAgree

[CIStrongly Agree

[JIStrongly Agree

CIStrongly Agree

CIStrongly Agree

[CIStrongly Agree

Assessment of Knowledge, Attitudes, and Practices Regarding Pertussis in El Paso Physicians
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Appendix 2: Informed Consent Document

Department of Public Health

Assessment of El Paso Physician Knowledge, Attitudes, and Practices Regarding Pertussis

Information Sheet for Office Managers
Introduction
You are being asked to assist in the distribution of a community health assessment sponsored by the El Paso
Department of Public Health and the Centers for Disease Control and Prevention El Paso Quarantine Station. This
page is designed to give you all the information you need to know about the assessment.

You may keep a copy of this information sheet.

Study Overview
Pertussis is a highly contagious and potentially serious disease, especially in young children who have not been

completely vaccinated. From 2012 to 2013 the El Paso Department of Public Health reported an increase in cases
of 33%. Thirty one cases have been reported through May 2014, compared to 35 for the same period in 2013.
Because of the high morbidity and mortality associated with pertussis in infants, it is important that El Paso Public
Health agencies better understand factors that may be associated with the rising number of cases.

The purpose of this study is to assess the knowledge, attitudes, and practices of El Paso physicians regarding the
diagnosis and reporting of pertussis cases. From this study, we hope to better characterize the existing knowledge
of pertussis in the El Paso medical community and provide public health officials with information that may be
utilized in future interventions that address the increasing number of pertussis cases in El Paso.

Procedures
We are asking physicians from different specialties to complete an anonymous, one-time questionnaire consisting

of 30 questions. The time required to complete the questionnaire should be no more than 15 minutes.
Participation will be completely anonymous and confidential; study staff will not know which physicians have
participated.

We ask that you distribute the included survey to physicians in your practice and gather the completed surveys so
that they may be collected by study staff.

Compensation
Participants will not be offered payment or compensation for being part of this study.

Confidentialit
We will not collect participants’ name or other facts that might point to them as part of this study. All participation
will take place anonymously and investigators will be blind to the identity of study participants.

Voluntary Participation and Withdrawal from the Study

Participation is completely voluntary. Participants may refuse to answer any questions that they do not wish to
answer.

Contact Information

Contact the El Paso Quarantine Station at 915-834-5950 or lan Everitt at ygn5@cdc.gov:
* if you have any questions about this study or your part in it, or
e if you have questions, concerns, or complaints about the assessment

Department of Public Health
5115 El Paso Drive | El Paso, Texas 79905 | (915) 771-5702

D”"Mm OF PUSUC T

Dedicated to Outstanding Customer Service for a Better Community PublicHealth

Prevent. Promate Protee
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EXECUTIVE SUMMARY

Current pertussis surveillance methods utilized by public health officials rely heavily on prompt and accurate case
reporting by physicians to accurately characterize trends in pertussis incidence and to implement meaningful disease
control and response policies. However, cases of pertussis in El Paso are believed to be heavily underreported, in part
due to existing barriers to health care access, as well as due to failure by physicians to consider pertussis in the
differential diagnosis of patients with cough. Despite this suspected underreporting of pertussis cases a trend of
increasing incidence has been noted in El Paso that mirrors similar trends throughout Texas and the rest of the United
States.

Beyond a recently observed increase in pertussis incidence, public health workers in El Paso have little quantifiable
information to characterize the nature of ongoing pertussis transmission. To examine how providers may play a role
in the rising pertussis incidence noted in the region and to better understand the process of diagnosing and reporting
pertussis cases, an assessment of clinician knowledge, attitudes, and practices was conducted among El Paso
physicians regarding pertussis clinical management. The survey also aimed to examine factors believed to influence
diagnostic testing practices, determine whether behaviors differ by state of knowledge about pertussis, and to
ultimately help facilitate evidence-based interventions designed to increase knowledge and awareness of pertussis
clinical management among El Paso physicians.

Findings from the survey indicate that despite relatively extensive experience at diagnosing pertussis among survey
respondents, questions targeting pertussis knowledge revealed gaps in several areas. Physicians generally had a good
knowledge of pertussis symptoms and state reporting requirements for pertussis cases, but often had misconceptions
about what public health officials do with reported information and incorrectly believed that serology or clinical
judgment can be used to confirm a case of pertussis infection.

Results also revealed that pertussis knowledge is not strongly associated with diagnostic testing practices, while
primary clinical specialty, practice setting, and country of medical education are all more strongly associated with
pertussis testing behavior by providers. Unfortunately, these predictors do not provide an easy opportunity for
behavior change and are not characteristics that are amenable to intervention. While they are helpful for informing
and targeting interventions designed by public health practitioners and researchers, knowledge will likely continue to
be an important component of any physician interventions targeting the clinical management and enhanced
surveillance of pertussis.

This study generally found physicians in El Paso to have reasonable amounts of pertussis-related knowledge, although
significant gaps exist in areas such as pertussis case definitions, case reporting and subsequent action by public health
workers, and diagnostic testing. A number of clinicians utilize inappropriate diagnostic tests to confirm pertussis
infection, negatively affecting pertussis surveillance and investigation in the region. As a result, there are many
existing opportunities for future research and intervention among El Paso physicians in regard to improved clinical
management of pertussis. Improved clinical management will become an increasingly important priority in El Paso as
pertussis incidence continues to rise in the region.

Recommendations discussed include further research to confirm the extent of any relationship between pertussis
knowledge and behavior, as well as to identify additional factors that simultaneously predict testing behaviors and
offer feasible opportunities for intervention. In addition, qualitative research, including focus groups or interviews,
may serve as useful tools to identify existing barriers to the transition of knowledge into practice by providing an
open forum for discussion. Local health departments may find value in structuring future interventions that foster
open discussion between clinical and public health professionals.
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INTRODUCTION

Pertussis is an infectious respiratory disease that remains endemic in the United States despite a widespread childhood

vaccination program. Also known as whooping cough, pertussis is an acute infection characterized by severe and long-
lasting cough caused by the gram-negative Bordezella pertussis bacterium. Pertussis has historically been a major cause of
morbidity and mortality and remains a significant cause of infant mortality worldwide. Although primarily affecting
unvaccinated individuals, pertussis can also present among previously-vaccinated individuals among whom immunity
has waned. Infection with pertussis presents a particular risk for severe disease and complications among infants,

while older children, adolescents, and adults generally present with a prolonged chronic cough illness.

Recent scientific evidence has indicated that protection from DTaP vaccine decreases over time, providing little to no
protection 5 to10 years after the last dose. Similarly, it is now believed that immunity accrued from natural infection
is not lifelong. Therefore, physicians are advised to consider pertussis in patients with a compatible clinical
presentation, regardless of age, vaccination status, or prior disease history.

The state of Texas requires that all laboratory-confirmed and clinically-suspected cases of pertussis be reported to the
local or regional health department or to the Texas Department of State Health Services (TX DSHS) Infectious
Disease Control Unit within one business day. Public health organizations rely heavily on physicians to quickly and
accurately report cases of pertussis so that they can accurately characterize the increasing incidence of pertussis,
implement meaningful policies, conduct accurate epidemiologic surveillance, and conduct responses as appropriate.
Despite this heavy reliance on public health reporting, cases of pertussis in El Paso are believed to be heavily
underreported, in part due to existing barriers to health care access faced by the general population along the United
States-Mexico border, and failure by physicians to consider pertussis in the differential diagnosis of patients with
cough.

While several diagnostic methods are available to confirm pertussis infection, many lack sensitivity and/or require
repeat testing or extended incubation times for test results. For this reason, the state of Texas only considers a
pertussis diagnosis to be confirmed if tested by bacterial culture or polymerase chain reaction (PCR). Serology
(antigen and antibody testing) and Direct Fluorescent Antibody (DFA) are not considered confirmatory for pertussis
infection. Serology is not currently standardized in the United States, and DFA has variable specificity and low
sensitivity, making them unreliable for laboratory confirmation of pertussis. It is important that physicians collect
appropriate specimens from clinically-suspected cases of pertussis and order appropriate diagnostic tests to be
performed by commercial laboratories because inappropriately-tested cases may not be included in counts of pertussis
cases by local, state, and federal public health agencies.

The state of Texas, in line with the rest of the United States, has observed an increased incidence of pertussis across
all age groups from 2006 to 2013, with the incidence rate per 100,000 increasing three-fold among infants less than 1
year of age and eight-fold among children aged 10-14 years, respectively. The trend of increasing incidence is
mirrored in El Paso, Texas. The annual number of pertussis cases reported in El Paso has increased from approximate
2-9 cases per year prior to 2011 to 65-70 cases per year after 2012, corresponding to an increase in annual incidence
rate from 1.2 cases per 100,000 residents to 8.8 cases per 100,000 residents.

Beyond the noted sharp increase in pertussis incidence, local, state, and federal public health organizations in the
United States have little quantifiable information to characterize the nature of ongoing pertussis transmission. The
geographic position of El Paso at the junction, of the U.S. states of Texas and New Mexico and along the United

States-Mexico international border, in conjunction with the low-resource and binational character of the region
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complicate the collection of data, conduction of epidemiologic surveillance, and implementation of public health
action.

For these reasons, an assessment of clinician knowledge, attitudes, and practices regarding pertussis clinical
management among El Paso physicians was conducted to better understand the process of diagnosing and reporting
cases of pertussis. Additional aims of the study were to examine factors that influence physician testing practices,
determine whether behaviors differ by state of knowledge about pertussis, and to ultimately help facilitate evidence-
based interventions designed to increase knowledge and awareness of pertussis clinical management among El Paso
ph}rsidans.
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SURVEY ADMINISTRATION AND POPULATION

The population of physicians to be surveyed was targeted to include currently-practicing physicians who were most
likely to encounter and diagnose a case of pertussis, including the following specialties:

*  General Practice

*  Family Medicine

* Internal Medicine

*  Pediatrics

*  Obstetrics/ Gynecology
*  Allergy/Immunology

Due to time and budgetary constraints, only physicians in the central regions of El Paso, as defined by ZIP code, were
surveyed. Using a database of El Paso physicians from the El Paso Department of Public Health (DPH), an initial list
of 118 office locations employing at least one physician of eligible specialty was compiled.

Of the 118 business addresses identified as eligible locations to distribute the survey, only 71 were successfully
contacted. Many of the remaining 47 addresses listed were residential addresses, or the practice had gone out of
business or moved to a new location. The 71 office locations where the survey was distributed employed a total of

123 physicians.

Of the 123 physicians to whom the survey was successfully distributed, a total of 53 surveys were returned,
corresponding to a response rate of 43%. From the returned surveys, 45 respondents were deemed eligible for
further data analysis. The remaining 8 participants indicated that they were not currently practicing clinical medicine,

or did not intend to continue practicing medicine for at least one year post-survey.
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PHYSICIAN DEMOGRAPHICS

Self-Reported Professional Demographics

We collected numerous self-reported demographic characteristics from participating physicians, including primary
specialty practiced, clinical practice settings, length of medical career, and the country of medical education.
Medical Specialties of Survey Participants (n=45)

MEDICAL SPECIALTY
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Clinical Settings Where Respondents Practice (n=45)

Practice Setting N * % *

Outpatient Setting 41 91.1

Inpatient/Hospital Setting 20 44 .4

Emergency Department/Urgent 5 % s S 4
Care

Intensive Care Unit 10 22.2

Community Health Center 3 6.7

*Participants could indicate that they worked in multiple settings
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Length of Medical Career Excluding Residency (n=43)

0-5 YEARS

6-10 YEARS
16%

11-15 YEARS
12%

Country of Medical Schooling for Survey Respondents
(n=45)

OTHER

20% \

UNITED STATES
51%
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PATIENT DEMOGRAPHICS

Patient Demographics as Estimated by Physicians

We collected information on the demographic profiles of patients treated by participating physicians. Physicians were
asked to estimate and self-report the proportion of patients that utilized self-payment or Medicaid to pay for services;
the proportion of patients who frequently traveled to, lived in, or worked in Mexico; as well as patients’ ages.

The proportion of patients that insured with Medicaid or who choose to self-pay served as a proxy measure of patient
socioeconomic status in later analyses, while the proportion of patients frequently traveling to Mexico was used asa
proxy measure of patient mobility.

Proportion of Patients that Self-Pay for Services and
Frequently Travel to Mexico (n=44)

¥ utilize Medicaid/Self-Pay ™ Frequently Travel to Mexico
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0-10% 11-20% 21-30% 31%+ DON'T KNOW
PROPORTION OF PATIENTS

NUMBER OF RESPONDENTS

Age of Patients Treated by Survey Respondents (n=44)

Seniors (65+
yours)
9%

Young Children

/_ (under 2 years)

25%

Children and
Adolescents (2-19
years)

23%

Adults (20-64

years)
43%
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PERTUSSIS EXPERIENCE

Physician Experience with Pertussis

We collected information on the number of pertussis cases that survey participants had previously diagnosed during
the course of their careers, as well as their perceptions regarding the change in annual pertussis incidence over the
past 5 years.

Number of Diagnosed Pertussis Cases by Physician (n=44)
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Number of Diagnosed Cases N %
0 cases ‘ 22 50.0
1-5 Cases 17 38.6
6+ Cases ‘ 5 11.4

Perceived Change in Annual Incidence of Pertussis Over
Past 5 Years

¥ Diagnosed At Least 1 Case " Never Diagnosed Pertussis
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)
<+ <
~
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] O -
INCREASE DECREASE NO CHANGE DON'T KNOW
PERCEIVED CHANGE IN INCIDENCE

NUMBER OF RESPONDENTS

81




PERTUSSIS KNOWLEDGE

Identifying Gaps in Pertussis Knowledge

Survey participants were asked a number of questions designed to assess pertussis-related knowledge in several areas,
ineluding pertussis case definitions and symptoms, appropriate diagnostic testing procedures, and actions taken by
public health practitioners when a case has been reported. Correct answers to knowledge questions were taken from
2014 Epi Case Criteria Guide and the Guidelines for Investigation and Control of Invasive, Respiratory, Foodborne,
and Vaccine-Preventable Diseases, both published by the TX DSHS. Knowledge was scored on a 25-point scale, with
one point awarded for each correct answer. Based on their knowledge score, physicians were then classified as having

good, fair, or poor knowledge.

Responses to Pertussis Knowledge Questions

Correct Percent

Pertussis knowledge questions and possible answers N Response Correct
What is the minimum cough duration associated with pertussis? (N=36)
7 days 11
10 days 5 14 days 22.2
14 days 8
21 days 12
Other than cough duration, which of the following symptoms may be associated with
pertussis? * (N=39)
Paroxysms of coughing 35 Yes 89.7
Sneezing and runny nose 22 Yes 56.4
Inspiratory “whoop™ as Yes 89.7
Vomiting 31 Yes 79.9
Apnea 24 Yes 61.5
Fever 26 Yes 66.7
I immunity following pertussis vaccination lifelong? (N=39)
Yes 0
No 36 No 92.3
Don't Know 3
Is Immunity following pertussis Infection lifelong? (N=389)
Yes 1
No 29 No 76.3
Don't Know 8
Which of the following statements is correct regarding reporting of pertussis to
public health in Texas? (N=38)
Pertussis is not a notifiable disease in Texas 1
Pertussis reporting should occur with laboratory-confirmed cases only All suspected
Al d and confirmed hould b din24h SAmsiconiiimed 84.2
suspected and confirmed cases should be reported in ours 2 cases should .
P is shoul Iy if it ini less than 1 t be reported
ertussis should be reported only if it is present in infants less than 1 year of age 0 in 24 hours

*Respondents could select multiple answers
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Responses to Pertussis Knowledge Questions (cont.)

Correct Percent
Pertussis knowledge questions and possible answers N Response Correct
When a case of pertussis is reported the heaith department may take which of the
following actions?* (N=44)
Tally the case for statistical purposes 26 Yes 59.1
Call the patient or family to identify contacts at risk of getting the disease 34 Yes 77.3
Prescribe antibiotics for contacts 27 No 61.4
Go to patient’s house and obtain les from an untested or asymp tic patient 22 No 50.0
Report the case electronically to the CDC 25 Yes 56.8
Which of the following methods are confirmatory for the purposes of public health
reporting of pertussis?* (N=41)
Clinical judgment alone is sufficient 30 No 73.2
Culture 25 Yes 61.0
PCR 28 Yes 68.3
Serology 21 No 51.2
Direct Fluorescent Antibody (DFA) 26 No 63.4
Which of the following scenarios are sufficient to confirm pertussis diagnosis?* (N=36)
Cough iliness of two weeks with paroxysms of coughing, inspiratory whoop, 13 No 36.1
post-tussive vomiting, or apnea
Acute cough of any duration with isolation of B. pertussis from clinical specimen 25 Yes 69.4
A case that meets the clinical case definition with B pertussis-specific nucleic acid 23 Yes 63.9
detected by PCR
A case that meets the clinical case definition with B. pertussis antibodies detected 20 No 55.6
serologically
A case that meets the clinical case definition and is epidemiologically linked to a 18 Yes 50.0

laboratory-confirmed case
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Classification of Physician Pertussis Knowledge By
Knowledge Score (n=45)

Knowledge Classification N %
Good* 22 50.0
Fairt [y 38.6
Poors# 5 11.4

* Corresponds to a knowledge score 220, or at least 80% of questions answered correctly
 Corresponds to a knowledge score of 13-19, or 50-80% of questions answered correctly
1 Corresponds to a knowledge score <12, or less than 50% of questions answered correctly

Gaps Identified in Pertussis Knowledge

Several gaps were identified in provider knowledge of pertussis clinical management. Less than a quarter of
respondents were able to correctly identify the minimum cough duration required to fit the TX DSHS pertussis case
definition. A majority of respondents were able to identify paroxysms of coughing and inspiratory whoop as
symptoms associated with pertussis infection, while little more than half believed that more nonspecific symptoms
such as fever, apnea, and sneezing or runny nose could be associated with pertussis infection. It should be noted that
since the time that this survey was administered the TX DSHS pertussis case definition has been revised to remove

fever and sneezing or runny nose.

When asked what types of laboratory testing are confirmatory for the purposes of public health reporting, nearly half
of respondents incorrectly indicated that serologic testing is confirmatory of pertussis infection, while nearly a
quarter of respondents felt that clinical judgment alone was sufficient to confirm pertussis infection. When
participants were presented with five scenarios describing various methods to confirm a suspected case of pertussis
and asked to describe each scenario as appropriate or inappropriate to confirm pertussis infection according to Texas
state guidelines, fewer than two-thirds of respondents were able to correctly identify whether any given method was

confirmatory, and no respondent correctly identified all five scenarios as confirmatory or non-confirmatory.

Finally, it was determined that respondents generally had low levels of knowledge regarding the actions that the local
health department can take once a case of pertussis has been reported. While a majority of respondents was able to
correctly identify that the health department works to identify contacts at risk of exposure, little more than half knew
that the health department keeps a tally of cases of statistical purposes and then reports case information to the CDC.
A large proportion of respondents incorrectly believed that the health department is able to proactively seek out
contacts deemed to be “at risk” to obtain samples for pertussis testing and prescribe antibiotics.

Just over a tenth of participants were classified as having good knowledge of pertussis clinical management. A large
proportion of survey respondents was classified as having fair knowledge. These physicians generally had a good
knowledge of pertussis symptoms and state reporting requirements for pertussis cases, but often had misconceptions
about what public health officials do with reported information and incorrectly believed that serology or clinical
judgment can be used to confirm a case of pertussis infection.
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Physician Knowledge Scores Across Demographic
Characteristics

Average knowledge scores for survey participants were compared across multiple self-reported professional
characteristics, patient demographic characteristics, and pertussis experience

Mean Pertussis Knowledge Score by Demographic Characteristics

COUNTRY OF
MEDICAL EDUCATION

LENGTH OF
MEDICAL CAREER

SPECIALTY

CLINICAL
PRACTICE SETTING

PERTUSSIS
EXPERIENCE

PROPORTION OF
PATIENTS FREQUENTLY
TRAVELINGTO MEXICO

PROPORTION OF
PATIENTS UTILIZING
MEDICAID/SELF-PAY

MEAN KNOWLEDGE SCORE

*#p<0.01
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PERTUSSIS TESTING & REPORTING PRACTICES

\

Clinical Management Behaviors among Physicians
In addition to collecting information on physician knowledge of pertussis clinical management, we asked physicians to

self-report testing practices when faced with a suspected case of pertussis infection, as well as case reporting
behaviors.

Frequency of PCR and Bacterial Culture Utilization to
Confirm Pertussis Infection (n=37)

ALWAYS
1%

NEVER
32%

B 4

0,
14% 19%

USUALLY
24%

Frequency of Serology Utilization to Confirm Pertussis
Infection (n=41)

ALWAYS
%
USUALLY
/ 19%

SOMETIMES

10%
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Reasons for Utilizing Serologic Testing in Lieu of PCR or
Bacterial Culture (n=24)

Reason* N %
Collecting a nasopharyngeal swab is difficult ‘ 3 12.5
Collecting a nasopharyngeal swab takes too much time 1 4.2
I’'m not comfortable taking a nasopharyngeal swab ‘ 1 4.2
Patients are more likely to accept phiebotomy than a 5 20.8
nasopharyngeal swab :
It’s easier to perform phlebotomy than a 6 25.0
nasopharyngeal swab :
The patient presented late in the course of illness 18 75.0
Serologic testing is less expensive than other methods ‘ 0 0.0
Other 1 4.2

*Respondents could select multiple answers

Self-Reported Frequency of Suspected and Confirmed
Pertussis Case Reporting (n=41)

RARELY

N\

ALWAYS

24%
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Employees Responsible for Reporting Cases of Notifiable
Conditions (n=45)%*
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PROVIDERS LAB MEDICAL OFFICE  INE.CONTROL NURSES DON'T KNOW
PERSONNEL  ASSISTANTS  ASSISTANTS NURSE

NUMBER OF RESPONDENTS

*Respondents could select multiple answers

Associations between PCR and Serology Testing

Practices, Physician Knowledge, and Demographics
We dichotomized physicians as “PCR testers” and “PCR non-testers” based on the frequency with which they elected
to conduct either PCR or culture to confirm suspected pertussis infection. Those that indicated “usually” or “always”
conducting PCR or culture were classified as “PCR testers,” while the remainder were classified as “PCR non-
testers.” Participants were also dichotomized as “serology testers” or “serology non-testers” based on the same
criteria.

We then examined physicians across knowledge categories and across several demographic characteristics to
determine whether the proportion of “PCR testers” differed significantly. The same was done with “serology testers.”
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Proportion of “PCR Testers” Across Select Demographic
Characteristics

KNOWLEDGE
CLASSIFICATION

COUNTRY OF
MEDICAL EDUCATION

LENGTH OF
MEDICAL CAREER

SPECIALTY

CLINICAL
PRACTICE SETTING

PERTUSSIS
EXPERIENCE

PROPORTION OF
PATIENTS FREQUENTLY
TRAVELING TO MEXICO

PROPORTION OF
PATIENTS UTILIZING
=Sl P
0 10 20 30 40 50 60
PROPORTION OF "PCRTESTERS"
*p<0.1
**p<0.05
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Proportion of “Serology Testers” Across Select Demographic

Characteristics

KNOWLEDGE
CLASSIFICATION

COUNTRY OF
MEDICAL EDUCATION

LENGTH OF
MEDICAL CAREER

SPECIALTY

CLINICAL
PRACTICE SETTING

PERTUSSIS
EXPERIENCE

PROPORTION OF
PATIENTS FREQUENTLY
TRAVELING TO MEXICO

PROPORTION OF
PATIENTS UTILIZING
MEDICAID/SELF-PAY

*p<0.1

11-15 YEARS

10 15 20 25 30 35 40
PROPORTION OF "SEROLOGY TESTERS"

(=]
w

45
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KNOWLEDGE AS A PREDICTOR OF BEHAVIOR

Physician Knowledge as a Predictor of Testing
Behavior

Multivariate logistic regression was performed to more closely examine the relationship between knowledge and
PCR and serology testing behaviors while controlling for effect modification and confounding by other factors. Final
models indicated that physicians with fair and good knowledge had greater odds of utilizing PCR testing to confirm
suspected pertussis infection than physicians with poor pertussis knowledge when controlling for medical specialty,
clinical practice setting, and pertussis experience, although this relationship was not significant. Physicians with poor
pertussis knowledge were also found to have greater odds of utilizing serologic testing compared to physicians with
fair or good knowledge when controlling for medical specialty and pertussis experience, although again it should be
noted that the relationship was not found to be significant.

Other Factors Identified as Predictors of Pertussis
Testing Behavior

While it was clear that knowledge alone did not strongly predict pertussis diagnostic testing practices, multivariate
logistic regression models were used to identify other factors that are significantly associated with testing behavior. It
was found that both medical specialty and clinical practice setting were significantly associated with the odds of
physicians utilizing PCR testing to confirm pertussis infection. Pediatricians had odds of ordering PCR or bacterial
culture that were eight times greater than their colleagues of non-pediatric specialties, when controlling for clinical
practice setting. Similarly, clinicians who practiced medicine in an inpatient hospital setting, emergency department,
or ICU had odds of ordering PCR that were seven-fold higher than the odds among physicians who worked solely in
outpatient setting or community health center when controlling for specialty.

Similarly, two predictors remained significantly associated with serology testing practices upon examination via
logistic regression. Clinical specialty was again found to be significantly associated with pertussis management
practices, with pediatricians having reduced odds of utilizing serologic testing relative to non-pediatricians when
controlling for other significant factors. Also of note, the country where physicians received their medical education
was found to be marginally associated with the odds of utilizing serology to confirm pertussis infection. When
controlling for specialty, physicians who had been trained in Mexico had odds of performing serologic testing that
were 5.6 times greater than their U.S.-trained colleagues. Physicians trained at other foreign medical schools also had
higher, though not significantly so, odds of ordering serologic testing to confirm suspected pertussis infection relative
to clinicians educated in the United States.
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CONCLUSIONS & RECOMMENDATIONS

Strengths and Limitations

This assessment provides local, state, and federal public health agencies in El Paso with much-needed information
about the current state of physician knowledge, attitudes, and practices regarding pertussis-related clinical
management in the region. While the El Paso DPH has anecdotal evidence suggesting that inappropriate use of
serologic testing to confirm pertussis infection is widespread, it has not previously had access to data regarding
clinician knowledge of pertussis disease and diagnostic practices, knowledge of pertussis reporting guidelines in the
state of Texas, case reporting practices, and attitudes regarding pertussis case reporting. This information is essential
for public health practitioners in the region to better understand the factors that influence pertussis diagnostic
behaviors and the timely reporting of notifiable conditions, identify gaps in pertussis knowledge among the city’s
providers, and inform targeted and effective interventions designed to address shortcomings in the clinical
management of a rapidly-reemerging infectious disease.

Many studies that utilize a KAP assessment describe the current state of knowledge, attitudes, and practices in a
population without further exploring the relationship between knowledge and behavior. Studies that do further
explore the association between knowledge and practice, however, generally do so in the context of evaluating the
effectiveness of a knowledge-based intervention using baseline and follow-up studies. The use of maximum likelihood
logistic regression models in a piloted study, however, may help to inform efforts prior to implementation and
provide insight into whether knowledge-based interventions have the potential to succeed, while also identifying
additional factors that may influence their success. This method also allows researchers to identify populations and
aspects of pertussis clinical management that may benefit most from future interventions designed by state and local
public health services.

While this assessment has the potential to inform intervention efforts prior to implementation, it must also be noted
that the study had several important limitations, including aspects of survey design and administration, continually
evolving pertussis case definitions, as well as a small sample size. Knowledge may be best measured using open-ended
questions so that participants are required to provide the information without encountering potentially leading
questions or restrictive choices. However, due to concerns regarding low participation and response rates among
physicians, it was decided to make the survey as simple as possible by reducing the amount of necessary write-in
components, maximizing the number of questions that were multiple choice format, and minimizing the number of
total questions. This necessitated the compression of multiple behavior-based questions into a single multiple choice

question in several cases.

The study was also limited by the methods of survey distribution and collection. Because offering incentives to
complete the survey were beyond the scope and financial constraints of the project, there was much concern
regarding the sampling of physicians, who generally have very low response rates to KAP surveys. In an effort to
maximize respondent participation, it was elected to distribute paper copies of the survey in a marked envelope to
eligible participants rather than distribute an online version of the assessment via email. The entire city of El Paso
encompasses over 250 square miles and inclusion of physicians throughout the entire area was not feasible for this
project. By conducting a survey of convenience and excluding physicians in the upper West Side and the eastern
portion of the city, we likely excluded many physicians who have a greater degree of experience with pertussis. A
2013 report published by the El Paso DPH suggests that a majority of reported pertussis cases occurred in outer
regions of the city, particularly in the northern and eastern ZIP codes.
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Accurate assessment of provider knowledge of pertussis clinical management, particularly knowledge of pertussis case
definitions and associated clinical symptoms, is difficult to measure due to continually evolving guidelines pertaining
to the classification of pertussis. At the time that the survey was conducted, the TX DSHS Guidelines for Investigation
and Control of Invasive, Respiratory, Foodborne, and Vaccine-Preventable Diseases, which serves as a tool to help
local and regional public health staff with surveillance activities and investigations, defined a case of pertussis as “a
cough illness lasting at least 14 days AND at least one of the following additional symptoms and without other
apparent case (as reported by a health professional): Paroxysmal cough, inspiratory ‘whoop,’ post-tussive vomiting,
sneezing and runny nose, fever, or apnea with or without cyanosis if under 1 year old.” As of January 2014,

however, the case definition of pertussis has been revised to exclude fever and sneezing or runny nose. In addition,
there is much discussion as to whether the case definition should be further refined to include a cough illness of any
duration, particularly among young infants, and future revision of the case definition appears likely.

In addition to limitations in study design, administration, and pertussis case definitions, the assessment was also
limited by a small sample size. The survey analyses included just 45 physicians, limiting the statistical power. Asa
result, it was likely difficult to detect true relationships between variables of interest among sub-samples in the study.
Additional studies, including baseline and follow-up of any knowledge-based interventions, will need to include a
larger sample to verify the relationships of interest between knowledge and behavior. This may be more easily
accomplished by the El Paso Department of Public Health, which likely has access to greater resources and influence
among physicians in the region than the CDC.

Conclusions

Physician knowledge of pertussis clinical management was not found to be significantly associated with pertussis
testing practices as originally hypothesized. Even controlling for potentially confounding demographic characteristics,
such as medical specialty, clinical practice setting, and pertussis experience, knowledge was not found to be strongly
associated with testing behavior. However, knowledge may not be the best predictor of pertussis testing behavior by
providers. Primary specialty, clinical practice setting, and the country of medical education were all found to be
significantly associated with either PCR testing behavior or serology testing behavior. Unfortunately, these predictors
do not provide an easy opportunity for behavior change and are not characteristics that are amenable to intervention.
While they are helpful for informing and targeting interventions designed by public health practitioners and
researchers, knowledge will likely continue to be an important component of any physician interventions targeting
the clinical management and enhanced surveillance of pertussis.

This study generally found physicians in El Paso to have reasonable amounts of pertussis-related knowledge, although
many had significant gaps in areas such as pertussis case definitions, case reporting and subsequent action by public
health workers, and diagnostic testing. Many physicians continue to utilize inappropriate diagnostic tests to confirm
pertussis infection, negatively affecting pertussis surveillance and investigation in the region. As a result, there are
many existing opportunities for future research and intervention among El Paso physicians in regard to improved
clinical management of pertussis. While education is needed in all groups, targeting interventions aimed at improving
the utilization of PCR to confirm suspected cases of pertussis is especially needed for physicians of non-pediatric
specialties who may be less likely to suspect and diagnose pertussis infections. Improved clinical management will
become an increasingly important priority in El Paso as pertussis incidence continues to rise in the Paso del Norte
region, the state of Texas, and the United States as a whole.

Recommendations
Further research will be necessary to confirm the extent of any relationship between pertussis knowledge and
behavior, as well as to identify additional factors that better predict pertussis testing behavior and offer feasible
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opportunities for intervention. Similar assessments with a larger sample size may provide greater statistical power
with which to detect a true relationship. Further studies examining the associations between specific facets of
pertussis knowledge, such as knowledge of pertussis symptoms and case definitions, pertussis detection, pertussis
treatment, or DTaP/Tdap vaccination, and various clinical management behaviors may also be worthwhile. The
current study does not differentiate between specific aspects of pertussis knowledge beyond identifying existing gaps
in knowledge.

Additional qualitative research, such as focus groups or interviews, should serve as a useful tool to identify existing
barriers to the transition of knowledge into practice by providing an open forum for discussion that is not available in
multiple-choice surveys. Despite the unavailability of free response space on this survey, several surveys were
returned with cither comments expressing a perceived lack of support of clinicians by the El Paso Department of
Public Health or suggestions for how to improve communication between medical providers and public health
agencies. The local health department may find value in structuring future interventions in a manner that fosters open
discussion between clinical and public health professionals to address any real or perceived lack of support among
clinicians. This may also serve to improve physician participation in future surveillance, investigations, and
assessments carried out by CDC,TX DSHS, or the El Paso DPH in the region.

Until further research is done to identify factors that best predict pertussis testing behaviors, interventions in El Paso
aimed at improving clinical management of pertussis should focus on improving pertussis knowledge among providers
who are most likely to encounter cases of pertussis, including clinicians who may not expect to come across cases of
pertussis but are likely to encounter upper respiratory infections in individuals of any age. Although improved
knowledge does not appear to be significantly associated with pertussis testing practices according to this study, better
knowledge among clinicians may in fact be associated with other pertussis clinical management behaviors, such as case
reporting, treatment and appropriate use of prophylaxis, or pertussis vaccination. In cases where resources are
limited, interventions should be targeted to groups identified as most likely to utilize pertussis confirmatory testing
inappropriately, including physicians who specialize in non-pediatric medicine, practice in outpatient offices or
community health centers, or who received their medical education from a Mexican medical school. Evaluation
should be conducted regardless of the scope of the intervention to determine the effectiveness of the intervention and
inform future research.
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