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Adrian Billings will tell anyone who asks
that he loves what he does. Dr. Billings
is a family physician practicing in one of

the most underserved areas of the United
States. He was born and raised in Del Rio,
Texas, located on the US-Mexico border. The
region’s unique mix of language and culture
has always felt comfortable to him and from
the time he entered college he knew that he
wanted to become a doctor and return to the
Texas-Mexico border to practice. 
Growing up, Dr. Billings had two important

role models. When he was in high school he
worked for a dedicated solo-practice veterinar-
ian. In this role, Adrian would assist the veteri-
narian with house calls for animals in their
care. The dedication and care demonstrated in
this practice were important examples of how
to run a medical practice as well as a veteri-
nary practice. Dr. Billings’ second role model
was with his family physician, Dr. Garcia, who
cared for many of the people in Del Rio. “My
family doctor delivered me,” Dr. Billings
remembers, “and took care of me all through
school including college when I’d come back
home. After my freshman year in college I
came back and was trained as an anesthesiolo-
gy technician at the local small hospital in Del
Rio. I was able to scrub in on surgeries and
assist with patient care. One of my fondest
memories is helping deliver babies with Dr.
Garcia. I was 19 at the time and I reminded
him, ‘you know what happened 19 years ago?
You delivered me!’ I knew then that I wanted
to be a family doctor who took care of every-
body cradle to grave.” 

OPPORTUNITIES ABOUND
That dream was delayed when Dr. Billings was
not accepted into medical school out of col-
lege. He decided to take a different path and
entered into a University of Texas Medical
Branch PhD program in Experimental
Pathology. After graduation he went to work

at the Centers for Disease Control and
Prevention (CDC) in the Special Pathogens
Branch of the Division of Viral and Rickettsial
Diseases. Although it was interesting work, he
never lost the drive to attend medical school.
He redoubled his efforts to apply to medical

school and was accepted at the University of
Texas Medical Branch at Galveston, Texas.
While he was working at the CDC a colleague
encouraged him to apply to the National
Health Service Corps (NHSC) for support dur-
ing his medical education. Dr. Billings eagerly
accepted the financial support in exchange for
a commitment to work at least four years in a
medically underserved area. He began his resi-
dency at John Peter Smith Hospital in Fort
Worth, Texas and served as chief resident in
2005-2006. Because his intention was to
return to an underserved area of the Texas-
Mexico border where there were few practic-
ing OB/GYNs, he decided to take an addition-
al year of training as an OB/GYN Fellow. 
Once he finished his residency, he began

looking for a place to practice. Since the Del
Rio area did not meet the NHSC criteria of an
underserved region to qualify for the scholar-
ship repayment, he chose Alpine, TX which is
relatively close to Del Rio and, where medical
care was desperately needed. 

For four years Dr. Billings ran a solo private
practice in Alpine. He managed his practice
with a strong commitment to the local com-
munity and functioned essentially as a commu-
nity health center (CHC) without the benefits
of the resources and services that are afforded
to CHCs. When Dr. Billings arrived there had
been no full time family physician providing
care. He was one of only two doctors in a
6,000-square-mile area that delivered babies.
In those first years of practice Dr. Billings deliv-
ered 40-70 babies each year. To meet the
needs of some of the most debilitated patients,
Dr. Billings also made house calls for those who
could not make it in to the office. As a solo
practice physician he was on call 24 hours a
day seven days a week for six years. 

PRESIDIO COUNTY HEALTH SERVICES
The practice hardships meant that Dr. Billings
was unable to recruit a physician partner. At
the same time he wanted to expand care to a
greater area which included the town of
Presidio right on the US/Mexico border. He
decided that the best option would be to
merge his practice with Presidio County
Health Services, a Health Resources and
Services Administration (HRSA) Health Center
Program grantee. 
He became a part of the Presidio County

Health Services and saw immediate benefits
for his patients. All of Dr. Billings’ private
patients were transferred over and now ben-
efit from the community health center’s
resources and services. Since all of his
patients continue to see Dr. Billings there are
few adjustments from the patient perspec-
tive. With the support of the overall health
center structure, Dr. Billings has been able to
recruit a partner who helps to shoulder the
patient care load. He is now covered under
the health center’s malpractice coverage
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which greatly reduces his vulnerability to
lawsuits and the costs associated with insur-
ance coverage. Dr. Billings enjoys the sup-
port of a HRSA grant that allows the center
to provide more enabling and wrap-around 
services. He is also happy to be able to focus
on patients more and worry less about the
business side of running a practice. 
The region of Texas where Dr. Billings prac-

tices is home to both migrants who travel part
of the year to work in agriculture in the north-
ern states as well as agricultural workers
employed seasonally in the Texas border
region. The Health Center that Dr. Billings
joined, Presidio County Health Services, is one
of the 169 health centers across the country
that receives funding specifically to provide
services to migrant and seasonal agricultural
workers. Dr. Billings says that he “feels blessed
to be able to take care of this population.” 
Dr. Billings is also very positive about his

experiences with the HRSA-mandated quality
control measures and the data collection sys-
tem that facilitates the reporting process.
From Dr. Billings’ perspective the clinical per-
formance measures and the Uniform Data
System provide important quality assurance/
improvement screening and peer review
processes. He remarks that in a private prac-
tice it can be difficult to devote as much atten-
tion as is ideal to the outcomes of care. The
clinical quality process at the health center
provides a snapshot that gives a much better
understanding of how the practice is achiev-
ing better health care. 
Presidio County is in one of the poorest

regions of the United States. Dr. Billings’
biggest concern is the overall lack of access to
care for many people in the region. He hopes
that some of this lack of access will be amelio-
rated by the Affordable Care Act.                     
As is true in many isolated areas of the U.S.,

lack of access to care is especially challenging
when a patient needs specialty care. In Dr.
Billings practice the greatest need for specialty
care is the in the areas of child psychology and
psychiatry, cardiology, gastroenterology, ortho-
pedics, and ear/nose/throat. The nearest spe-
cialists are located more than 200 miles north
in Odessa or west in El Paso, or nearly 6 hours
away in Lubbock. To get some of his sickest
patients into care Dr. Billings has become
skilled at negotiating with specialists to see
patients who lack insurance or have other chal-
lenging circumstances. He is also working to
leverage additional resources such as telemedi-
cine to provide on-site specialty care. 
Inevitably Dr. Billings has had to take on

more specialty care himself than he would if
he were working in a higher resource area
because he is the first point of access for most
patients. He says that he has seen almost any-
thing and everything. 

One example he remembers vividly was
several years ago when a young pregnant
woman came into the emergency room with
vaginal bleeding and abdominal pain. It
became quickly apparent that she had an
ectopic pregnancy which had already rup-
tured. The woman’s blood pressure was criti-
cally low and she needed emergency surgery.
She was too unstable to transfer the long dis-
tance to a major medical center. Dr. Billings
sat with her and told her what needed to hap-
pen. He was very upfront about the fact that
he was not as experienced in this procedure as
he would have hoped; it had been 5 years
since he had even assisted in this type of sur-
gery. He knew however that he either needed
to perform this surgery or she would die. In
the end he was able to successfully operate
and helped to save her life. “I certainly felt
that I had someone working through my
hands during this surgery.” This woman is still
one of his patients. While this case was
extreme, Dr. Billings says that he still gets
nervous in these situations. “Even today just
delivering any baby is a miracle, a new experi-
ence, I still get nervous. I just hope that my
training has been good enough when I am
backed into a corner.”

FAMILY MEDICINE RESIDENCY
PROGRAM
In addition to providing quality care to the peo-
ple in Presidio County, Dr. Billings is committed
to improving the overall health care system in
the region. To this end, five years ago Dr.
Billings started talking to Texas Tech University
Health Sciences Center-Permian Basin about
establishing a formal rural family medicine resi-
dency program in the Big Bend region of Texas
that includes Alpine, Marfa, and Presidio. The
idea has come to fruition; the first resident has

been accepted after a competitive process and
will begin the residency program later this year.
Dr. Billings has also hosted over 60 medical stu-
dents and more than 12 residents who have
come through and spent time learning about
frontier practice on the Texas-Mexico border.
Dr. Billings says that he initially  started to host
students and residents when he was in private
practice and feeling professionally isolated and
lonely. He quickly realized that he became a 
better physician by helping to teach these
 medical trainees. 
A couple of years ago Dr. Billings was elect-

ed as a Young Physician delegate to the
American Medical Association on behalf of the
American Academy of Family Physicians. He
and his wife attended a reception in Chicago,
with many of the other young physician dele-
gates. He was the only family physician and
the only person practicing in a rural area. The
group was curious about what he did as a
rural doctor. One person in particular didn’t
understand how it was that he could work in
such an isolated area and deliver babies at all
times of the night or day. She wondered what
it did to his family. Dr. Billings’ wife elbowed
him in the ribs and said, “I’ll answer this one.
My husband works hard and has to work
nights and weekends often. He is a great
father to our children when he is there and
when he’s not able to be with us our children
are learning about service through him. It is
not always about you or about what you
want, it’s about helping others when they are
in need. We are a team.” Dr. Billings acknowl-
edges that his efforts would not be possible
without the support of his family and office
staff. “I still feel that I am called to do what I
am doing and that I am doing the work that I
was put on this earth to do. Hopefully I am
making a difference.”                                  ■

Dr. Billings with the first
baby he delivered after
joining Presidio County
Health Services, Inc. in
April 2013.
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Migrant Clinicians Network (MCN)
began Health Network (HN) as proof
of the concept that a patient naviga-

tion program could work successfully with
patients on the move to provide continuity of
care for a range of health conditions. Health
Network first began with assisting client with
tuberculosis (TB), then later added clients with
diabetes, cancer, and pregnancy. For the past
18 years , HN has directed patients to clinics
in more than 70 countries and hundreds of
communities inside the United States, elimi-
nating mobility as an obstacle to clinical care
for both infectious and chronic diseases, and
other health concerns.
Recently MCN undertook an evaluation to

improve HN’s responsiveness to clinics and
strengthen disease management outcome
reporting. Once a clinic enrolls a patient, HN
staff maintains ongoing communication with
the patient, schedules appointments, trans-
fers records, searches for transportation
resources, facilitates clinic visits, and provides
a toll-free number to request medical record
updates. However, MCN sent case comple-
tion reports only when a health center
requested outcome information.
In January 2013, MCN began sending

clinics case completion reporting forms for
each patient who completed treatment or
whose case was closed. A HN completion
form includes: patient’s health condition or
concern, date enrolled and case closed, care
outcome, and the country or clinic reporting
completion. For TB patients, completion
reporting forms also contain the initial and
final TB classification, smear and culture
results, and other testing. MCN’s goal is to
give clinics and health centers precise docu-
mentation regarding the outcomes of the
mobile patients they enrolled with HN.
In the summer of 2013, MCN undertook

an assessment of how useful health centers
found the completion forms in order to
determine the effectiveness of HN’s outcome
reporting. With this information HN would
modify its communications with a clinic, to
ensure that the program remains relevant
and useful for the clinics involved.
The assessment identified key personnel at

10 different sites that had enrolled patients
in HN since the beginning of the year. MCN
began with a phone interview to the clinic.
The interview included six questions that
pertained to the content in each form that
was sent to the clinical site (see Questions
below). Each question addressed the effec-
tiveness of a specific aspect of the comple-

tion reports. Phone interviews allowed for
clear and thorough communication pertain-
ing to the assessment. The interviews were
conducted with the HN enrollment point
person at each clinic. The questions were:
• Do you find it beneficial to receive
 completion forms for patients who have
completed treatment and been lost to
 follow up?

• How do you use the information on the
completion forms? Do the forms assist
you with reporting outcomes?

• What type of information/data point is
useful for determining outcome for a
patient? 

• Would you like more information about
the patient’s treatment outcome or the
clinic or health center where the patient
completed treatment? If so, what? 

• Would you like to continue receiving com-
pletion forms from MCN? 

• Are there any other comments/suggestions
you have about patient completion forms?

The overall response to the assessment was
very positive, with all 10 sites agreeing that
completion forms were beneficial. A health
department contact noted, “[completion
forms] are very effective and efficient.” In
response to a question about the type of
information most useful for determining the
outcome for a patient, a coordinator from a
migrant health program on the east coast
explained that “just knowing that there was
an attempt with the client if they were lost
to follow up” was helpful. Several other sites
agreed about the value of knowing that
patients they enrolled with HN were fol-
lowed up by an HN case manager.

The sites also acknowledged the useful-
ness of outcome reports in creating their
own closing reports on their patients. Five of
the sites expressed their appreciation for
knowing the treatment start and end dates,
as well as the reason why the patient started
or stopped treatment. Half of the sites inter-
viewed offered suggestions for the comple-
tion forms, such as including new contact
information for the patient and all of the
health centers from which the patient
received care while enrolled in HN.
The information compiled through this

assessment of outcome reporting’s utility has
not only improved HN’s communication with
clinics, but also confirms that HN can serve as
an effective tool for providing care outcomes
for mobile patients under the Patient Centered
Medical Home framework. Health Center
Programs face a particular challenge trying to
report outcome data for mobile patients. In
some cases, a migrant health center will treat a
patient, and that patient may not return to
their health center. Outcome reporting allows
sites to document whether the patient was
treated elsewhere or lost to follow up.
HN, through its global patient navigation,

provides crucial linkage for patients who do
not reside in a permanent location. A coordi-
nator from a Migrant Health Program noted,
“We are so appreciative of this service. It is
great to be able to send [patients] out into
the world and trust that MCN will catch
them whenever they can.”
To learn more about enrolling mobile

patients in Health Network please contact
Ricardo Garay at rgaray@migrantclinician.org;
tel: 512-579-4508.                                      ■

What Happened to My Mobile Patient? – 
An Assessment of Health Network Outcomes Reporting 
Nancy Gannon

Ph
ot
o 
co
ur
te
sy
 o
f B
lu
e 
Ri
dg
e 
C
om

m
un
ity
 H
ea
lth
 C
en
te
r



4 MCN Streamline 

C linicians are always looking for ways to
improve the health and well-being of
the people they serve. Nurses working

in migrant and seasonal agricultural worker
(MSAW) camps in northeastern Ohio have
recognized one such opportunity, that of
working with women who lead MSAW
crews. 
On Midwestern farms, such as in Ohio,

growers are contracted by large food pro-
cessing corporations to raise tomatoes, let-
tuces, peppers, corn and radishes. Crew
leaders on the farms in northeastern Ohio
confer with growers to obtain suitable con-
tracts for their crews. Crew leaders usually
receive a post card in the mail from the
grower in January.  The growing season’s
start date and the number of workers the
crew leader must bring to the area are writ-
ten on this card. Crew leaders recruit, hire
train and supervise their own workers to cul-
tivate, harvest, process, and package various
crops. Some crew leaders have the power to
fire workers. The crew leader often builds
the crew through family and friendship net-
works. By recruiting familiar people, the
crew leader improves the chances that the
crew members will work well together. Crew
leaders may furnish transportation from their
winter residences in the southern United
States to the farms in Ohio. They may con-
sult with employers to ensure available and
suitable housing for families and single indi-
viduals. In addition, they may manage the
payroll and also keep production records.
Crew leaders drive a grower’s or personal
vehicle to transport workers and equipment.
Growers provide farm implements, but crew
leaders provide access to and training with
the equipment. Crew leaders may be addi-
tionally responsible to help team members
navigate the educational and medical sys-
tems in the area. In many cases, without
crew leader assistance, workers would have
difficulty locating churches, grocery stores,
pharmacies, schools, and other necessary
services.

Female Hispanic Crew Leaders 
Approximately 400 Hispanic farm workers
and families return each spring to the same
rural location in northeastern Ohio. A majori-
ty of the migrants travel as large extended
families. These migrant farm laborers work
for five growers. The largest grower employs
nearly 300 workers, the next largest hires
about 45. The other growers employ just
five to 10 MSAWs at a time. The camps
where the crews live surround the growers’
fields.

Traditionally, MSAW crews are led by men,
however in this part of Ohio, women lead
several MSAW crews. These female Hispanic
crew leaders (FCL) step beyond the gendered
norms of their Hispanic-American families
and in doing so, impact the lives of their
crews and families in numerous ways. Their
influence in the fields, in their camps, at the
medical clinic, and in the community was
observed over the course of several seasons. 

Leadership Narratives
The lead author (LW) conducted face-to-
face, individual interviews with four Hispanic
women to learn about their role as crew
leader, and how they use that role to
improve the health of their communities.
Both authors analyzed the data. Each
woman was assigned a pseudonym to pro-
tect her privacy. When the interviews took
place Carlota and Olivia had been crew lead-
ers for nine years and Elena and Sofia for
four years. All four women were able to
speak both English and Spanish fluently. All
the women had grown up in migrant farm
worker families and were US residents. They
were all in their 30s, ranging from 31 to 38
years of age. Three were married and one
was single.  All four women had children;
one woman also had grandchildren. Two
women were leaders of all male crews; two
were leaders of mixed gender crews. The
leadership qualities these women exhibited
were attractive to the nurses at the migrant
camp clinic; the FCLs were able to encour-

age health seeking-behaviors and treatment
compliance by their crews because they
were relational, assertive, and nurturing in
and out of the fields. 

Relational leadership. The FCLs knew
their crew members well, which was not
always the case with male crew leaders. The
women built strong relationships with their
crews. Carlota said, “I get along pretty good
with everybody and they get along pretty good
with me. And every time I do something for
them they always say. ‘If we were working on
another crew for a man as a crew leader, I
don’t think we could ask for this or for that.’”
Elena described how her leadership style was
different from that of her male counterparts.
She said, “If there is a problem, I ask them
what it is. I talk to them and we work it out.
We make a group decision and then fix it.
[Men] don’t worry about everyone working 
in peace. They wouldn’t have some of the
problems if they just didn’t order people to 
do stuff.”

Assertive leadership. The FCLs were
 confident and could be assertive when nec-
essary. Olivia exhibited this when dismissing
a fieldworker. She said, “Last year there was
this guy that used to work with us but we told
him ‘not this year’ because he did not drink his
medicine; because he came out positive for TB
and he didn’t want any treatment.” Sofia
showed her authority with a man on her
crew. “[My grower] gives me the authority to
[send people home]. The past week, one of
them came in drunk on Monday. And I told

Female Crew Leaders of Migrant Agricultural Workers
Lora L Wyss, PhD, RN, CNS and Rosanna F Hess, DNP, RN, Malone University
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him, ‘Are you drunk?’ And he said, ‘No’. And I
told him, ‘Yes you are. You know what? Take a
day off. Go home.’ And since that, none of
them had a drink.” Elena described a change
she made on her crew with their physical
and mental health in mind. “In the begin-
ning, every job was supposed to rotate every
three hours. I started having everyone rotate
every hour. That way you didn’t get as tired,
because some jobs are just harder. And on the
easier jobs you didn’t get as bored. Everyone
liked this and it made it better for all of us.”

Nurturing leadership. The involvement
of FCLs in the crew members’ lives did not
stop in the field, the wash house or the
packing house. Workers knew they could
seek their FCL’s advice when ill. Sofia said,
“They look for me when they need medicine or
something. They will come to me and say,
‘Sofia, my stomach hurts. [Or] I have a pain in
my ear.’ So when they need directions they
come to me. Olivia elaborated, “Every guy
that is in my crew, I try to take care of them.
They tell me, ‘I don’t feel good’, I tell them,
‘There’s a doctor at the clinic here. Go to it.’”
A FCL even drove crew members and their
families to the local clinic when necessary. If
she had to get back to the field the FCL
would leave her cell number so the clinic
staff could call her to come get the patient
after treatment. 

FCLs and the Clinic
The farm workers in the locale have access to
a free healthcare clinic centrally located to
the five growers’ camps. Holistic care is
offered based on an assessment and 
interpretation of the MSAWs’ health beliefs
and practices as well as their cultural and
linguistic needs.3 The clinic was operated by
a team of volunteer doctors and nurses.  
The services offered included physical
assessments and treatment of illnesses, as
well as health promotion activities like
immunizations, well child exams and
gynecologic exams. Several local physicians

and nurses from the area donated their time
with the support of their institutions and
universities.  Medical, nursing and
pharmacology students as well as medical
residents also had volunteered as part of
their training. Spanish interpreters were
available. The clinic was open both day and
evening hours. Because FCLs took a personal
interest in the needs of the migrant families,
the quality of services rendered at the clinic
had improved significantly over the past few
years. One example was an event held soon
after the MSAW crews arrived in the spring.

Clinic Partners. Each year, usually in early
June, the clinic staff holds a Welcome Day, a
prime example of holistic and collaborative
care. The FCLs work with the clinic staff to
guide the migrant families through processes
that address educational, medical, spiritual
and social needs. A major priority during the
day is the screening and registration of
children for the federal Migrant Head Start
program. In addition, people from the 
local public school district and an after-
school program register children for summer
school activities. Dental, hearing and 
vision screenings are available along with
opportunities to receive physical exams.  
At the same time, religious organizations
announce programs that are available for
children and adults. Finally, the staff
describes weekly social activities offered 
after work to the MSAWs and their families.
Throughout the day, FCLs serve as a go-
between for staff and MSAWs and their
families. They translate announcements into
Spanish and help parents complete clinic and
school forms.  They communicate MSAWs’
questions to the staff. 

Recommendations to Health Care
Workers
Because of their positions of authority, lead-
ership, and respect, FCLs open doors for
health care professionals to work more close-
ly with people in the migrant social network.

Hispanic FCLs are women of influence. In
their traditional culture, Hispanic women are
responsible for the health and welfare of
their spouses, children, and extended fami-
lies. Since an FCL views her crew as extend-
ed family (and often it is), she plays a signifi-
cant role in the health and well-being of the
crew. Health care workers can cultivate rela-
tionships with crew leaders who can in turn
influence the way MSAWs prioritize curative
care and preventative health.
Workers hate to miss work for fear that

their pay will be reduced or they will lose
their jobs.2 Job responsibilities are perceived
as more important than personal health.1
Vigilant crew leaders may be able to
decrease lost work time by timely attention
to the workers’ health and in turn increase
the crew’s productivity. Clinic staff should
affirm FCLs who take time to drive sick crew
members to the clinic or require their crew
members to comply with medication
regimes. 
Because these FCLs are bilingual, they are

able to help their crew members navigate
the healthcare system. FCLs explain medical
findings and the importance of follow-up
instructions. Invested with the dual authority
of domestic and workplace leadership, FCLs
are uniquely positioned to collaborate with
health care professionals. This collaboration
leads to better communication and compre-
hension between nurses and the migrant
community which they serve.                    ■
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On April 17th a new initiative launched in
Washington State with the intent to spark
collaboration and creativity and address gaps
in research and education on the behavioral
and physical health of Latinos throughout
the region and nationally. The Latino Center
for Health is an independent organization
supported by the University of Washington
School of Social Work and the Medical
School. According to the Center’s mission
statement, “the Latino Center will create a
rich environment for nurturing the next gen-

eration of leaders who will respond to the
current and emerging health and behavioral
health issues facing their communities. All
efforts will be based on principles of social
justice, human rights and inclusion.” The
intent of the center is to connect researchers
that want to study health issues in the Latino
community with community members and
organizations that have an area of concern
that would benefit from additional research.
The Center also hopes to engage more fully
in health policy discussions at the state and

national level. Currently the Center’s princi-
pal areas of focus are: 
• Physical Health
• Health Services Access and Utilization
• Behavioral Health
• Violence Prevention
• Occupational Health
• Binational Collaborations
For further information about the Latino
Center for Health please visit: latinocenter-
forhealth.org

New Initiative Launched to Engage Community Research Partnerships
Jillian Hopewell, MPA, MA
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Rural United States is home to the bulk
of our country’s agricultural industry.
Farms both large and small are vital in

the delivery of fruits, vegetables and grains
to our dining room tables. Equally as vital to
the farms across the country are migrant
and seasonal agricultural workers (MSAW);
though invisible to most of us, they are key
players in cultivating and harvesting various
crops in an efficient and timely manner.1
Their mobility among other access barriers
makes them a difficult to reach population.1-
3 Healthcare providers must be educated
about and sensitive to the unique and com-
plex needs of MSAWs for the delivery of
optimal health services.
Accessing healthcare is difficult for the

population.2-10 Barriers include cost, lan-
guage, transportation, healthcare clinic
hours and knowledge of where to go for
services. A study of migrant health centers
across the country revealed that 52% of the
clinics were not open in the evening and
only 13.6% were open on Saturday or
Sunday.11 Leaving the fields early for a med-
ical/dental appointment can mean missing
several hours of pay which could translate to
not providing even the basic necessities of
life for the following week.2 Those that have
families are relied upon to either provide for
daily needs, if accompanied by spouses and
children, or to send money home to family
members who remain in their country of ori-
gin. Absence from the fields could also be

cited as reason for termination, making most
farmworkers very reluctant to miss work for
healthcare appointments, providing they
even know where to seek health services in
the first place. These barriers and others
result in healthcare that is sporadic at best
for the majority of the population.

MSAWs and HIV Infection 
Given MSAW’s difficulty accessing care in
many parts of the country, it is particularly
important that all members of the health
care team pay attention to signs of possible
HIV infection so patients can get into care at
an early stage of disease. Oral health
providers can play an important role in this
effort. 

HIV in the Migrant and Seasonal Agricultural Worker
Population: Oral conditions early indicators of infection
Sherri M Lukes, RDH, MS, Associate Professor, Dental Hygiene, Southern Illinois University Carbondale

Figure 1. Acute pseudomembranous
candidiasis in an HIV positive patient

Figure 2. Erythematous candidiasis in
an HIV positive patient

Figure 3. Hairy Leukoplakia in an HIV
positive patient

Figure 4.
Aphthous ulcer
(major) in an HIV
positive patient

Figure 5. Kaposi’s
sarcoma in an HIV
positive patient

(Photos by Mona
VanKanegan, DDS)
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In the early 1980’s, when the United
States was first learning about HIV/AIDS, the
manifestation of oral lesions played a key role
in identifying HIV+ individuals.15-18 Markers of
immune dysregulation become evident in the
oral cavity and are some of the first clinical
signs of HIV infection.19,20 Oral candidiasis
and hairy leukoplakia are two of the earliest
opportunistic infections among HIV positive
patients (see figures 1-3 available in online
version).15-18 While relatively common among
the very old and the very young, candidiasis
is not a common condition affecting young,
otherwise healthy individuals. Likewise, hairy
leukoplakia is almost never encountered in
those who are immunocompetent and were
some of the early indicators of HIV infection
in the beginning of the US epidemic.
Additional oral lesions experienced later by
HIV+ patients include herpes simplex lesions,
aphthous ulcers(aphthous major), condyloma
acuminatum, Kaposi’s Sarcoma and squa-
mous cell carcinoma (see figures 4-5, avail-
able in online version).20,21 In the general
population, highly active antiretroviral thera-
py (HAART) has greatly reduced the preva-
lence of oral lesions as early manifestations of
opportunistic infections in HIV infected indi-
viduals. Early diagnoses and initiation of
HAART has resulted in a 30% reduction in
HIV associated oral lesions.20,22,23 Because
MSAWs are typically diagnosed later in the

course of the disease than the general popu-
lation, oral lesions can still serve as an early
indicator of HIV infection and a motive to
encourage testing. Recognition of the early
appearing lesions as well as those that follow
later can alert the provider to the possibility
of HIV infection and the need for appropriate
referral and/or testing. Both medical and
dental healthcare providers serving the popu-
lation should be cognizant of increased HIV
prevalence in the population, their delayed
diagnoses and what to look for in these
patients. 

Education and intervention
It is imperative that HIV education and inter-
ventions for MSAWs be culturally appropri-
ate for best efficacy and compliance.12,24
Promotores de salud or community health
workers have shown to be very effective in
reaching the population with health mes-
sages.2,13,25 The National Center for
Farmworker Health (NCFH) recently pro-
duced an HIV prevention toolkit for unac-
companied farmworker men.26 The complex-
ities surrounding the population call for a
combination of educational methods in
delivering HIV education messages and pre-
ventive interventions. 

Best Promising Practices
The entire healthcare team can play a role in

the delivery of HIV intervention. For vulnera-
ble populations, Health Center Programs
and other health care sites could consider
making HIV testing available by both med-
ical and dental providers in an interdiscipli-
nary approach to care. Health Center
Program Grantees present a perfect opportu-
nity for provider collaboration in diagnosis
and treatment of HIV infected MSAWs as
these health centers have a better change of
co-located medical and dental services in the
same facility than most health care sites.
Community based organizations have been
found to be more effective in reaching these
at risk groups because of their greater num-
ber of bilingual staff, outreach programs,
and culturally sensitive approaches to service
delivery.14 Healthcare providers should be
knowledgeable about the issues MSAWs
face, and the idiosyncrasies associated with
providing them with comprehensive, cultur-
ally appropriate health services. 
Prompt diagnosis and services for those

infected with HIV is imperative for positive
long term outcomes as well as for general
public health implications. Identification of
oral lesions can be the first clinical signs of
HIV infection in MSAWs; therefore, collabo-
ration among all members of the health care
team is necessary for the adequate delivery
of health services to this difficult to reach
population.                                                 ■
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W hy should clinicians need to know
about their patients’ occupation?
How can the identification of

migrant and seasonal agricultural worker
patients make a difference in the exam
room? Migrant Clinicians Network’s (MCN)
Environmental and Occupational Health
(EOH) program partners with health centers
to address these questions and help improve
the quality of care. 
Beginning in 2012, Blue Ridge

Community Health Services partnered with
MCN to become an Environmental
Occupational Health Center of Excellence.
MCN offered onsite continuing education,
technical assistance and resources to help cli-
nicians improve the recognition and man-
agement of work-related and environmental
health conditions. A key part of this effort is
the identification of patient occupation as
many health center patients are employed in
high risk jobs such as agriculture and con-
struction. Knowing the occupation can
impact the differential diagnosis. For
instance, being aware that their patients
work in agriculture may help clinicians better
recognize symptoms and potentially prevent
a work-related condition such as a pesticide
exposure. 
MCN provided Blue Ridge staff with a

bilingual tool called Identifying Migrant and
Seasonal Farmworkers (available at http://
www.migrantclinician.org/files/IDMigrant
SeasonalFarmwrkrs-final_0.pdf). This tool is
being used by the front office staff to more
accurately identify farmworkers and their
families. Once identified, the information is
passed on to the provider for use during the
clinical encounter. The goal is to ensure that
occupation is not used solely for administra-
tive and reporting purposes, but also is used
for clinical care. Blue Ridge’s Patient
Centered Medical Home (PCMH) activities
augment the identification process. The
identified farmworker patients are noted dur-
ing provider team huddles at the beginning
of the day. During patient encounters, clini-
cians also identify and document any farm-
workers not identified during intake. These
patients are discussed during end-of-day

huddles to assess any gaps in the identifica-
tion process. The huddles and strengthened
identification process help Blue Ridge to
improve quality of care for their farmworker
patients by better equipping clinicians to
identify the unique healthcare needs, includ-
ing work-related conditions, of their migrant
patients. 
In reference to the MCN sponsored pro-

gram, Shannon Dowler, MD, the Chief
Medical Officer at Blue Ridge Community
Health Center, says “In the fast pace of the
clinic, it can be easy to bypass a thorough
social history, when in fact that may be the
key to making an accurate diagnosis and
treatment plan. Simple reminders incorpo-
rated in the workflow make it easier to cap-

ture this type of critical information!”
MCN has developed this program to

improve care in the primary care setting,
supported through a cooperative agreement
with the US Environmental Protection
Agency (EPA), Office of Pesticide Programs
as part of the National Strategies for
Healthcare Providers: Pesticide Initiative. To
date, MCN has partnered with fourteen
health centers to establish Centers of
Excellence in Environmental and
Occupational Health. To learn more about
this program, contact Amy K. Liebman,
MPA, MA, Director of Environmental and
Occupational Health by email
aliebman@migrantclinician.org or by phone,
512.579.4535.                                           ■

E N V I R O N M E N T A L  /  O C C U P A T I O N A L  H E A L T H  S E C T I O N

[The material presented in this portion of Streamline is supported by the 
Environmental Protection Agency, Office of Pesticide Programs, Cooperative Agreement # x8-83487601]

Best Practices in Identification of Migrant and Seasonal Farmworkers: 
MCN and Blue Ridge Community Health Services
Partner to Improve Quality of Care
Kerry Brennan

Updated Pesticide
Tools 
MCN’s Pesticide Clinical

Guidelines and Pesticide
Exposure Assessment Form
assist in the recognition and
management of acute pesti-
cide exposures in primary care
settings.
The pesticide guidelines were

adapted from guidelines by Dr.
Dennis H. Penzell, a former
medical director of a health cen-
ter with experience in large-scale
pesticide exposure incidents.
The Acute Pesticide Exposure

Form was adapted from the data
collection on an acute pesticide
exposed patient tool developed
by Matthew C. Keifer, MD, MPH,
Director of the National Farm
Medicine Center, appearing in the
EPA’s Recognition and Management of Pesticide Exposures, 6th Edition, EPA 2013.
These resources were developed with guidance from MCN’s Environmental and

Occupational Health Advisory Committee – a panel of healthcare professionals and
researchers with expertise in pesticides and migrant health. To download these tools visit:
http://www.migrantclinician.org/toolsource/tool-box/pesticide-clinical-guidelines.html
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[Editor’s Note: The following article was
excerpted with permission from the Annals 
of Epidemiology 24(2014) 254-259. 
For the full version of this article go to
www.annalsofepidemiology.org]

Introduction

The federal government’s undercount of
nonfatal occupational injuries and illnesses
for all industries combined has received
 considerable research and popular press
attention.1-3 A U.S. General Accounting
Office report addressed undercounting and
suggested remedies for all industries
 combined.4 This study extends previous
research by focusing on agriculture, an
industry that merits special attention for sev-
eral reasons. First, although estimates vary,
agriculture employs roughly 2-4 million 
people and includes the highest share of
self-employed persons in any industry.5,6
Second, agriculture is among the most haz-
ardous industries, especially for the self-
employed.7-9 Third, agriculture employs
many undocumented workers; for example,
the most recent analysis from the National
Agricultural Workers Survey (NAWS) estimat-
ed 53% of all hired crop workers were
undocumented.10 Contentious debate sur-
rounds whether undocumented workers
should be granted citizenship and the
impact this may have on workers’ subse-
quent use of Medicaid and workers’ com-
pensation.11,12 Fourth, many farm workers
are migrants; the NAWS estimated 42% of
crop workers annually traveled 75+ miles to
obtain jobs.10 Fifth, and most importantly,
agriculture poses the greatest challenge of
any industry for generating estimates of
undercounting because of the seasonal
nature of employment and predominance of
small, family-run operations.13
We measured the injury and illness under-

count as the difference between estimates
from the Bureau of Labor Statistics (BLS)’s
Survey of Occupational Injuries and Illnesses
(SOII) and our own estimates. Unlike the
SOII, we accounted for the self-employed
and workers on small farms as well as willful
and negligent underreporting by both
employees and employers. We believe our
estimates are conservative, in part because

we use the same criteria as the BLS to qualify
a case as an occupational injury or illness.
We do not include, for example, estimates of
job-related cancers, chronic obstructive pul-
monary disease, and circulatory disease that
far exceed those recognized by the SOII.14,15
The undercount has institutional and behav-
ioral causes. Institutional causes pertain to
deliberate reasons for excluding persons.
Two of these institutional causes are the
exclusions of self-employed farmers on all
farms and workers on farms with less than
11 employees from the SOII. A third institu-
tional cause is the government’s undercount
of employment of farm workers in virtually
all government data sets. This employment
undercount is widely recognized owing to
the fluid and part-time nature of farm work.7
BLS readily acknowledges the employment
undercount and estimates its magnitude in
supplements to the Quarterly Census of
Employment and Wages (QCEW).16 There
are two behavioral causes: negligence (e.g.,
employer inadvertently fails to record quali-
fying injuries in the OSHA log) and willful
underreporting (e.g., employer purposefully
fails to record qualifying injuries or employ-
ees do not notify employers for lack of
knowledge regarding reportable injuries or
fear of reprisal).1,2 Despite the undercount,
the SOII is widely cited by researchers and
journalists, in part, because it has been pro-
viding the only annual national estimates of
nonfatal workplace injuries and illnesses for
40 years. There are three additional data sets
with relevant information, but none as com-
prehensive as the SOII. The National Health
Interview Survey provides information on
injuries, but not illnesses nor estimates with-
in industries. The Census of Fatal
Occupational Injuries provides information
within agriculture but only for injury fatali-
ties. The NAWS contains data on injuries but
only for crop, not animal farms.

Discussion
Our approach estimated the undercount of
nonfatal occupational injuries and illnesses
on crop and animal farms using data from
the SOII, QCEW, CPS, and assumptions from
the literature. Whereas the SOII estimated
32,100 cases in 2011, we estimated

143,436, indicating that SOII missed 77.6%.
A sensitivity analysis suggested the percent
missed by SOII ranged from 61.5% to
88.3%. The reasons for this undercount are
straightforward and, for the most part, readi-
ly acknowledged by BLS. We refer to these
as institutional causes of the undercount.
First, the SOII explicitly excludes farms with
less than 11 employees, all self-employed
farmers, and family members. Second, SOII,
QCEW, and CPS acknowledge data-gather-
ing problems from agriculture due to the
transient nature of the work and the extent
of employment accounted for by undocu-
mented workers. These institutional causes
account for nearly one-half of the under-
count. Third, there is considerable evidence
that workers and employers in all industries
underreport cases due to willfulness and
negligence.1,13,17-20 This third cause, which
we label behavioral, accounts for a little over
one-half of the undercount. The QCEW is
not the only data set with information on
agricultural employment; the CPS and the
Census of Agriculture also generate esti-
mates. We preferred the QCEW because it
serves as the basis for estimates in the SOII.
It is nevertheless useful to compare employ-
ment estimates. The QCEW estimates
532,245 and 230,610 employees for crop
and animal farms, respectively, in 2011. In
the CPS for 2011, for private sector employ-
ees, these numbers were 626,000 for crop
farms and 447,000 for animal. Carroll21
recently analyzed Census of Agriculture data
from 2007 and estimated 1,358,020 farm
workers on crop farms and 434,953 on ani-
mal farms. But none of these estimates are
for FTEs, and agriculture is well known for
transient and part-time work. Thus, each of
these data sets, including the QCEW, have
deficiencies.22 The CPS and Census of
Agriculture data suggest an employment
undercount by the QCEW. Accordingly, our
estimates accounted for an estimated
14.29% employment undercount by the
QCEW. Also, and more importantly, we only
used ratios from the QCEW to adjust num-
bers of injury and illness cases from the SOII,
and these ratios are similar for all three data
sets (QCEW, CPS, and Census of
Agriculture). In addition, if the QCEW under-

An estimate of the U.S. government’s 
undercount of nonfatal occupational injuries 
and illnesses in agriculture
J. Paul Leigh PhD, Juan Du PhD , Stephen A. McCurdy MD, MPH
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count bias is the same for farms with fewer
than and more than 11 employees, then
these ratios were appropriate.
Our findings can be compared with oth-

ers in the literature. Leigh et al.13 found that
for all industries combined, the SOII missed
between 33% and 69% of cases with the
preferred estimate being 45%. Findings in
other studies and those summarized in Leigh
et al.13 suggest undercounting percents from
11% to 75%.1,17-20 Our higher estimates for
agriculture are consistent with the unique
SOII exclusions and the inherent under-
counts of employment in agriculture. Using
SOII fatality data in 1990 and Census of
Fatal Occupational Injuries fatality data in
1992, Leigh et al.23 estimate that SOII
missed 79% of cases in agriculture in the
1990s.

Most studies suggest that the smaller the
firm, the higher the injury rate, but these
studies are predominately outside agriculture
and frequently from other countries.24-26 Data
from the SOII, however, suggest that the
smaller the establishment size, the smaller
the injury rate.27 Our sensitivity analysis
allowed for both lower and higher rates in
scenario #1. We assumed that farmers and
family members experienced the same rate
of injury and illness (cases-per-number-
employed) as employees on farms with 
more than 11 employees. This might be 
an underestimate for farmers because self-
employed persons may take more risks than
employees; the fatality rate for the self-
employed is considerably higher than for
employees both on and off farms.28 It may
be an underestimate for family members as

the farmer may not let family members be
exposed to as much risk or take as many
chances as either the farmer him or herself
or a paid employee. For these reasons, we
chose alternative assumptions in the sensitiv-
ity analysis.
Limitations of our study include

undercounting assumptions that were not
addressed in the sensitivity analysis. The first
was the assumption that the QCEW missed
14.29% of employment in agriculture. This
14.29% technically applied to the broad
agricultural division crops, animals, logging,
fishing, hunting, and support services
combined but we assumed it applied to crop
and animal farms. Crops and animals
comprised approximately 70% of total

■ An estimate of the U.S. government’s undercount continued from page 11

References
1. Azaroff LS, Levenstein C, Wegman DH.

Occupational injury and illness surveillance:
conceptual filters that explain underreporting.
Am J Public Health 2002;92:1421e7.

2. Hagerty JR. Workplace injuries drop, but claims
of employer retaliation rise. Wall Street Journal
http://online.wsj.com/article/SB100014241278
87323664204578610133657300940.html; July
22, 2013. (accessed July 23, 2013).

3. Rosenman KD, Kalush A, Reilly MJ, et al. How
much work-related injury and illness is missed
by the current national surveillance system?
Journal of Occupational and Environmental
Medicine 2006;48(4):357e65.

4. U.S. General Accounting Office. Workplace safe-
ty and health: Enhancing OSHA’s records audit
process could improve the accuracy of worker
injury and illness data. October 2009. GAO-10-
10.http://www.gao.gov/new.items/d1010.pdf.
(accessed July 25, 2013).

5. U.S. Department of Agriculture. Census of
Agriculture, 2007,
http://www.agcensus.usda.gov/Publications/20
07/Full_Report/. (accessed July 25, 2013).

6. Bureau of Labor Statistics, Current Population
Survey,http://www.bls.gov/cps/cpsaat15.pdf.
(accessed July 25, 2013).

7. McCurdy SA, Carroll DJ. Agricultural injury.
American Journal of Industrial Medicine
2000;38(4):463e80.

8. Myers JR. National surveillance of occupational
fatalities in agriculture. American Journal of
Industrial Medicine 1990;18(2):163e8.

9. Rautiainen RH, Reynolds SJ. Mortality and mor-
bidity in agriculture in the United States.
Journal of Agricultural Safety and Health
2002;8(3):259e76.

10. U.S. Department of Labor. Findings from the
National Agricultural Workers Survey (NAWS)
2001-2002. A Demographic and Employment
Profile of United States Farm Workers. U.S.

Department of Labor, Office of the Assistant
Secretary for Policy, Office of Programmatic
Policy, Research Report No. 9. March 2005.
http://www.doleta.gov/agworker/report9/naws
_rpt9.pdf. (accessed July 5, 2013).

11. Zuckerman S, Waidmann TA, Lawton E.
Undocumented immigrants, left out of health
reform, likely to continue to grow as share of
the uninsured. Health Affairs
2011;30(10):1997e2004.

12. Goldman DP, Smith JP, Sood N. Legal status
and health insurance among immigrants.
Health Affairs 2005;24(6):1640e53.

13. Leigh JP, Marcin JP, Miller TR. An estimate of the
US government’s undercount of nonfatal occu-
pational injuries. Journal of Occupational and
Environmental Medicine 2004;46(1):10e8.

14. Steenland K, Burnett C, Lalich N, Ward E,
Hurrell J. Dying for work: the magnitude of US
mortality from selected causes of deaths associ-
ated with occupation. American Journal of
Industrial Medicine 2003;43(5):461e82.

15. Leigh JP, Robbins JA. Occupational disease and
workers compensation: coverage, costs and
consequences. Milbank Quarterly
2004;82(4):689e721.

16. Bureau of Labor Statistics, Employment and
Wages Online Annual Averages, 2011, Table A.
Coverage exclusions in 2011, for selected workers
http://www.bls.gov/cew/cewbultn11.htm#Emplo
yment. (accessed July 3, 2013).

17. Boden LI, Ozonoff A. Capture-recapture esti-
mates of nonfatal workplace injuries and illness-
es. Annals of Epidemiology 2008;18(6):500e6.

18. Bonauto DK, Fan JZ, Largo TW, Rosenman KD,
et al. Proportion of workers who were work-
injured and payment by workers compensation
systemsd10 States, 2007. Morbidity and
Mortality Weekly Report 2010;59:897e900.

19. Lakdawalla DN, Reville RT, Seabury SA. How does
health insurance affect workers’ compensation fil-
ing? Economic Inquiry 2007;45(2):286e303.

20. Nestoriak N, Pierce B. Comparing workers’
compensation claims with establishments’
responses to the SOII. Monthly Labor Review
2009;132(5):57e64.
[21] Carroll DJ. Personal communication, email,
July 9, 2013.

22. Oliveira VJ, Whitener LA. Appendix B.
Agricultural labor: a review of the data. In:
Martin PL, editor. Immigration Reform and U.S.
Agriculture. Davis, California: University of
California Agriculture and Natural Resources
Publications; 1995.

23. Leigh JP, McCurdy SA, Schenker MB. Costs of
occupational injuries in agriculture. Public
Health Reports 2001;116(3):235e48.

24. Dong XS, Fujimoto A, Ringen K, Stafford E,
Platner JW, Gittleman JL, et al. Injury underre-
porting among small establishments in the con-
struction industry. American Journal of
Industrial Medicine 2011;54(5):339e49.

25. Oleinick A. Establishment size and risk of occu-
pational injury. American Journal of Industrial
Medicine 1995;28(1):1e21.

26. McVittie D, Banikin H, Brocklebank W. The
effects of firm size on injury frequency in con-
struction. Safety Science 1997;27(1):19e23.

27. Bureau of Labor Statistics, U.S. Department of
Labor, The Editor’s Desk, Occupational injuries
and illnesses and establishment size on the
Internet at http://www.bls.gov/opub/ted/
2007/oct/wk4/art05.htm. (visited November
08, 2013).

28. Pegula SM. Occupational fatalities: self-
employed workers and wage and salary work-
ers. Monthly Labor Review 2004;127(3):30e40.

29. Bureau of Labor Statistics, Table 2. Private
 industry by six-digit and higher NAICS industry
and government by level of government, 2011
 annual averages http://www.bls.gov/cew/
ew11table2.pdf. July 3, 2013.

R E F E R E N C E S

continued on page 15



MCN Streamline   13

E N V I R O N M E N T A L  /  O C C U P A T I O N A L  H E A L T H  S E C T I O N

[Editor’s Note: The following article was 
excerpted with permission from the
Environmental Health Perspectives, June 6, 2014.
For the full version of this article go to
http://ehp.niehs.nih.gov/1307450/]

Introduction 
Exposure to pesticides, particularly organo phos -
phate insecticides (OPs), may be positively asso-
ciated with depression.3,4,5,16,18,20,21,27,28
However, only a few of these studies were lon-
gitudinal,3, 4, 18, 21 an important consideration
because many people with depression will
recover and some may relapse.10 The largest
longitudinal study previously conducted (651
Colorado farmers and their spouses) assessed
depression annually for three years using the
Center for Epidemiological Studies-Depression
Scale (CES-D) and found that individuals who
reported past pesticide poisoning at baseline
were twice as likely to be depressed during fol-
low-up as those who did not.4 That study,
however, did not evaluate associations with
chronic exposure in the absence of poisoning
or to specific pesticides. 
The Agricultural Health Study (AHS) is a

prospective cohort study including 52,394
licensed private pesticide applicators (mostly
farmers), designed to assess associations
between agricultural exposures and health
endpoints.2 We previously found a higher
prevalence of depression among male applica-
tors who reported past pesticide poisoning or
use of pesticides from several different classes.4
That study, however, used a cross-sectional
design and did not examine specific pesti-
cides. The aim of the current study is to assess
associations between pesticide use and
depression among male pesticide applicators
in the AHS.

Discussion
We found positive associations between use of
some pesticides and depression among male
private pesticide applicators in the AHS.
Depression was positively associated in each
case group with ever-use of two pesticide
classes, fumigants and organochlorine insecti-
cides, as well as with ever-use of seven individ-
ual pesticides: the fumigants aluminum phos-
phide and ethylene dibromide; the phenoxy
herbicide 2,4,5-T; the organochlorine insecti-
cide dieldrin; and the OPs diazinon,
malathion, and parathion. Positive relation-

ships between depression and cumulative days
of use were evident, although non-monotonic,
in each case group for the fumigants ethylene
dibromide and methyl bromide; the fungicide
captan; and the organochlorine insecticide lin-
dane. Positive associations between depression
and acute, high-intensity pesticide exposures,
such as pesticide poisoning or high pesticide
exposure events, were reported previously in a
longitudinal study of 651 Colorado farmers
and their spouses4 and cross-sectional studies
of 208 Costa Rican banana plantation work-
ers28 and 17,585 male private pesticide appli-
cators4 and 29,074 wives in the AHS.5 In our
study, depression was positively associated
with physician-diagnosed pesticide poisoning
and high pesticide exposure events among
PRE-E and PRE-B cases, but not among POST
cases.
Previous studies have observed positive

associations between depression and exposure
to any pesticides or to some pesticide classes,
particularly OPs: a follow-up study in Brazil
that compared 25 agricultural workers
assessed after three months of OP exposure to
themselves assessed again after three months
of no OP exposure,21 a three-month follow-up
study in Poland that compared 26 OP-
exposed greenhouse workers to 25 unexposed
canteen, kitchen, and administrative workers,3
a three-year follow-up study of 257 farm oper-
ators in Iowa that compared those exposed to
pesticides to those who were not,18 a cross-
sectional study in England that compared 127
current and retired sheep dippers exposed to
OPs to 78 unexposed current and retired
police officers,16 and a cross-sectional study of
17,585 male private pesticide applicators in
the AHS that separately compared those
exposed to any pesticide or to seven pesticide
classes (carbamates, fumigants, fungicides,
herbicides, insecticides, organochlorine insecti-
cides, OPs) to those who were not.4 A study of
567 agricultural workers in France that evalu-
ated exposure to any pesticide, three pesticide
classes, or 13 herbicide families, using no
exposure to the pesticide class/family in ques-
tion as the reference, reported positive associa-
tions between depression and exposure to
herbicides in general and dinitrophenol herbi-
cides, but not exposure to any pesticide,
fungicides, insecticides, or the other 12 herbi-
cide families.27 In contrast, a cross-sectional
survey of 9,844 sheep dippers in England and

Wales that used no exposure to any pesticides
as the common reference found no associa-
tion between depression and use of sheep dip
(usually diazinon or other OPs), other insecti-
cides, herbicides, fungicides, or wood preserv-
atives.23 In our study, depression was positively
associated with cumulative days of use of any
pesticide among PRE-E and PRE-B cases, ever-
use of the pesticides classes fumigants and
organochlorine insecticides in each case
group, and ever-use of several other pesticide
classes, including OPs, in at least one case
group. Results appeared to be independent of
pesticide poisoning because we observed simi-
lar results when we excluded applicators who
reported physician-diagnosed pesticide poi-
soning (data not shown).
Only one previous study evaluated the asso-

ciation between depression and a specific pes-
ticide, finding a cross-sectional association
between parathion exposure and CES-D scores
indicative of clinical depression among 115
adults in Jackson County, Mississippi.20 We
found that ever-use or trend versions of cumu-
lative lifetime days of use of several individual
pesticides, including parathion, were positively
associated with depression.
In general, we observed fewer positive asso-

ciations between pesticide use and depression
among POST cases than among PRE-E or PRE-
B cases. Reverse causation—where depression
increases exposure, perhaps through careless
handling of pesticides—is unlikely to explain
the differences in associations among case
groups because use of chemical resistant
gloves was not inversely associated with
depression after adjustment for age and state
and because including use of chemical resist-
ant gloves in models for the weights did not
change results. Alternatively, differences
among case-group-specific associations might
be due to exposure being evaluated closer to
first reported diagnosis of depression for PRE-E
and PRE-B cases than for POST cases, which
could be particularly important for pesticides,
such as organochlorine insecticides, with
marked secular trends in use. Using informa-
tion on past instead of ongoing pesticide use
could have obscured associations with POST
depression. Differences among case-group-
specific associations might be due to residual
confounding from observed differences in per-

Pesticide Exposure and Depression among Male Private
Pesticide Applicators in the Agricultural Health Study
John D. Beard, David M. Umbach, Jane A. Hoppin, Marie Richards, Michael C.R. Alavanja, Aaron Blair, Dale P. Sandler, and Freya Kamel
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sonal characteristics or in cumulative days of
use of any pesticide among case groups; e.g.,
the average cumulative days of use of any pes-
ticide reported by POST cases was 343 com-
pared to 424 for PRE-E and 387 for PRE-B
cases (Kruskal-Wallis p = 0.02). Finally,
although we asked about ever diagnosis of
depression at both enrollment and follow-up,
some PRE-E depression cases were likely mis-
classified because they did not report a previ-
ous diagnosis at follow-up; i.e., they should
have been classified as PRE-B cases. Possible
reasons for this omission include recovering
from depression before the follow-up inter-
view (which was administered 12.1 years, on
average, after enrollment) or, due to the sensi-
tive nature of mental health conditions, being

less inclined to confirm a previous diagnosis of
depression because the follow-up interview
was conducted via telephone, whereas depres-
sion information was collected at enrollment
via self-administered paper questionnaires. We
cannot, however, confirm either of these pos-
sibilities. Despite this possible misclassification,
we analyzed PRE-E depression as a separate
case group because the number of applicators
in this group was large (n = 474) and associa-
tions with pesticide use differed from those
observed with PRE-B depression. 
We used three strategies to account for

exposure to multiple pesticides. First, we
grouped individual pesticides into 10 pesticide
classes (four functional, six chemical) because
the pesticide that was most strongly correlated

with the pesticide of interest was often in the
same class. We also conducted sensitivity
analyses in which we additionally weighted for
cumulative days of use of any pesticide or for
the pesticide that was most strongly correlated
with the pesticide of interest. Although neither
strategy meaningfully changed our results
(data not shown), we cannot rule out the pos-
sibility that associations between depression
and use of individual pesticides were con-
founded by use of other pesticides.
We used inverse probability weighting to

adjust for potential confounding and for
potential biases from missing covariate data,
missing farmer questionnaires, or drop out.
One limitation of inverse probability weighting
is that residual confounding, missing data bias,
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and/or selection bias could still occur. In addi-
tion, c-statistics for the drop out models, while
not used to select variables for inclusion in our
models for the weights, ranged from 0.60-
0.61, which suggests drop out in the AHS is
mostly random or our models did not predict
drop out well. The former seems more likely
because Montgomery et al.17 found that appli-
cators who reported physician-diagnosed
depression at enrollment were equally likely to
drop out of the AHS before the first follow-up
interview in 1998-2003 as applicators who did
not report depression (OR = 0.92; 95% CI =
0.82, 1.02 after adjustment for age, state,
education, and smoking).
Our information on pesticide use was self-

reported and could be misclassified. Using
data from orchardists in Washington State
reported during the year of use as the gold
standard, Engel et al.11 found sensitivities for
reporting ever-use of pesticides 25 years later
were 1.00 for any pesticides, 0.87-1.00 for
pesticides classes included in our study, and
0.80-0.94 for individual pesticides included in
our study. A case-control study of cancer in
Montreal, Canada, found the specificity of self-
reported ever-exposure to pesticides or fertiliz-
ers was 0.95 when compared to expert assess-
ment12 questionnaire twice one year apart,
percent exact agreement for ever-use of 10
individual pesticides ranged from 0.79-0.88.7
Another study found that < 1-5% of AHS
applicators overestimated duration of use of
19 individual pesticides relative to the years
the pesticide active ingredients were first regis-
tered for use with the U.S. Environmental
Protection Agency.15 The effect of depression
on recall of past pesticide use is unknown.
Cancer cases and controls, however, were
found to report pesticide use with similar
accuracy in a validation study in Kansas7 and
there is little evidence for differential recall in
the self-reporting of occupational exposures
among cases and controls of other diseases.26
We also relied on self-reports of ever physi-

cian-diagnosed depression. Using information
from a validation study conducted in a cohort
of university graduates in Spain, the calculated
sensitivity and specificity of self-reported ever
physician-diagnosed depression was 0.85 and
0.68, respectively, when the Structured
Clinical Interview for the Diagnostic and
Statistical Manual of Mental Disorders, Fourth
Edition, was used as the gold standard.22 In
addition, associations we observed with pesti-
cide poisoning and patient characteristics were
similar to those reported in other studies,
increasing confidence in the accuracy of our
outcome. For example, depression was more
common among applicators who were past
smokers24 or who visited a medical doctor in
the past year or had poorer health.4 Therefore,
the validity of self-reported ever physician-
diagnosed depression in our study is likely
good. Our cohort is imperfect for longitudinal
analyses of pesticide exposure and depression
because we collected information on depres-
sion at only two points in time on average
12.1 years apart, and we assessed ever physi-
cian-diagnosed depression rather than current
depression. Thus, we were unable to utilize
longitudinal or life course statistical methods.

Our study has several strengths including its
large size. Its prospective nature provided the
opportunity to identify POST cases of depres-
sion as well as PRE-E and PRE-B cases. We had
detailed information on applicators’ exposures,
including general pesticide exposure, use of
pesticide classes, and use of individual pesti-
cides. We could control for many potential
confounders and demonstrated the robustness
of our results to additional potential con-
founders not included in the main models
(data not shown). Finally, we used inverse
probability weighting to adjust for potential
biases from missing covariate data, missing
farmer questionnaires, or drop out. Overall,
the effect of missing data and drop outs on
our results appeared to be small because
results were similar when we used standard
regression methods.

Conclusions
Our study supports a positive association
between depression and occupational pesti-
cide use among applicators. Furthermore, it
suggests several specific pesticides that
deserve further investigation in animal studies
and other human populations.                     ■

employment in the broad agriculture division

in 2011.29 The second was the assumption 
of the same 40% underreporting rate due 
to willfulness and negligence for both crop
and animal production. In reality, these may
differ just as we estimated the overall
undercount to differ between crop (73.7%)
and animal (81.9%) production. Finally, it is
possible that other researchers may generate
alternative estimates using a different
methodology. But if that methodology
involves using BLS estimates, each of the
problems addressed in this article will have 
to be addressed by other researchers.

The substantial undercount of

employment and injuries has several baleful
consequences for individuals and society.
Most fundamentally, undercounting reduces
our ability to identify and address agricultural
health problems in a large population of
workers. The burden falls most directly on
undercounted workers, who may fail to
benefit from protective governmental
programs, such as unemployment insurance
and workers’ compensation. Although UI
protects workers from economic risk
associated with insecure employment,
workers compensation mitigates health and

economic risks by providing care and a

measure of income replacement for workers
injured on the job. Undercounting of
employment and occupational health
conditions affects society as a whole when
the costs of injury and unemployment
devolve to other social programs, such as
Social Security, Medicare, Medicaid, or
charity care. Finally, undercount limits our
ability to identify areas in which preventive
measures should be focused.                      ■

■ An estimate of the U.S. government’s undercount continued from page 12
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