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with the lowest percentage of children in ex-
cellent health (46.23%) had entertainment
receipts of $51.97 per resident.

The results of ordinal logistic regression
showed a statistically significant positive asso-
ciation (P=.0475) between receipts and
health status. For communities with receipts
per population of more than $300, the pre-
dicted proportion of children in excellent
health was 77.13%. For communities with re-
ceipts per population of less than $100, the
predicted proportion of children in excellent
health was 59.93%.

The positive association was not likely a re-
sult of more entertainment opportunities in
wealthier communities. A weak negative cor-
relation (r=−0.0897; P=.002) was found
between dollar receipts in arts, entertainment,
and recreation per population and median
county income. When median income was
added to the logistic model, the β coefficient
for receipts changed by less than 0.2%. Ad-
justment by parental employment status (em-
ployed/unemployed) also did not change the
results.

We conclude that communities that offer
arts, entertainment, and recreation are more
likely to have healthier children. While the
results of this study warrant replication before
inferences are drawn, communities that have
made an investment in the happiness of chil-
dren may be encouraged to find that this also
may extend to children’s health.
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Reef, MD

Since the early 1990s, rubella disproportion-
ately affected non-US-born Hispanic persons
in the United States. In 2000, 149 (78%) of
the 192 rubella cases were among Hispanics,
and 23 (77%) of the 30 infants with congeni-
tal rubella syndrome reported between 1997
and 2000 were born to non-US-born His-
panic mothers.1–5

The US childhood rubella vaccination pro-
gram was started in 19691; however, many
other countries do not have, or have recently
implemented, rubella vaccination programs.6

Foreign-born workers in certain US industries
(e.g., meat- and poultry-processing plants) ap-
pear to be at increased risk for rubella, sug-
gesting higher susceptibility rates.7–9

In 2000, a varicella outbreak occurring
among Mexican-born adults, most of whom
worked in a poultry-processing plant in south-
ern Alabama, provided an opportunity to test
for rubella susceptibility.10 Vaccine was of-
fered to susceptible persons. We describe risk
factors for susceptibility among these workers.

METHODS

After obtaining informed consent, we col-
lected blood on filter papers11 and adminis-
tered a questionnaire (in English and Spanish)
to obtain information about age, sex, race/
ethnicity, country of birth, length of stay in
the United States, length of employment at
the plant, and whether the respondent had a
health care provider. Persons with negative
rubella immunoglobulin G (IgG) test results
were offered measles-mumps-rubella (MMR)
vaccine. Because of recent rubella activity in
northern Alabama, rubella immunoglobulin
M (IgM) testing was done to rule out recent
rubella cases.

Testing was done at the Centers for Disease
Control and Prevention with Wampole (Cran-
bury, NJ) IgG enzyme-linked immunosorbent
assay and Trinity Biotech (Dublin, Ireland)
IgM capture enzyme immunoassay. An IgG
antibody index of less than 0.91 (6.5 IU) was
considered negative (i.e., rubella susceptible).

Double-entered data were analyzed with
SAS, Version 8 (SAS Institute Inc, Cary, NC).
To determine susceptibility risk factors, preva-
lence ratios with 95% confidence intervals
(CIs) were obtained. For variables initially
found to be significant (P<.05), confounding
was assessed with logistic regression.

RESULTS

Of the estimated 800 workers at the plant,
343 (43%) were tested for rubella IgG, and
267 (78%) of the 343 were tested for ru-
bella IgM. Table 1 shows the characteristics of
the study population. Six persons born in 4
other countries were excluded from the anal-
ysis. Of the 135 US-born workers, 95% were
African American and 58% were born in Al-
abama. Most of the 162 Mexican-born work-
ers were from Veracruz (52%) or Chiapas
(23%). Of the 337 persons studied, 48 (14%)
were susceptible. There were no positive IgM
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TABLE 1—Characteristics of the Poultry-Processing Plant Workers, by Country of Birth:
Alabama, June 2000a

Country of Birth

United States (n = 135) Mexico (n = 162) Guatemala (n = 40) Total (N = 337)
No. (%) No. (%) No. (%) No. (%)

Age, yb

≤ 20 12 (9) 33 (21) 9 (24) 54 (16)

21–30 45 (33) 82 (52) 22 (58) 149 (45)

> 30 78 (58) 44 (28) 7 (18) 129 (39)

Median (range) 33 (18–65) 25 (17–60) 25 (18–57) 27 (17–65)

Sex

Male 25 (19) 125 (77) 33 (83) 183 (54)

Length of stay in the US,b mo

Median (range) . . . 8 (<1–84) 7 (<1–60) . . .

Length of employment,b mo

Median (range) 12.5 (0–130) 2.1 (0–21) 2.6 (0–11) 3.7 (0–130)

Adults in the householdb

Median (range) 2 (1–5) 6 (2–12) 5 (2–9) 4 (1–12)

Children in the household

Median (range) 2 (0–9) 0 (0–5) 0 (0–5) 0 (0–9)

Has a health care providerb 87 (73) 12 (8) 0 (0) 99 (31)

aAll these characteristics were statistically different for US-born persons compared with non-US-born persons (P ≤ .002).
Percentages may not add to 100% because of rounding.
bAge not available for 5 persons, length of stay in the United States not available for 4, length of employment not available for
12, number of adults in the household not available for 3, and health care provider information not available for 21 persons.

results. Susceptibility was almost twice as high
for workers born in Mexico (Table 2), even
after adjusting for age and sex. Mexican-born
women were 3 times more susceptible than
US-born women: 27% vs 9%, respectively
(prevalence ratio=3.12; 95% CI=1.38,
7.08); this remained significant after adjusting
for age. No other risk factors were identified.

Documentation of rubella vaccination was
not available for any worker tested.

Two weeks after the serotesting, only 19
(34%) of the 56 workers who had negative
or equivocal IgG test results could be located
to be offered MMR vaccine.

DISCUSSION

Our findings, the first to our knowledge in
the postvaccine era in the United States, doc-
umented significantly higher susceptibility
among Mexican-born workers compared with
US-born workers, which is consistent with the
recent epidemiology of rubella in the United
States. As indicated by recent outbreaks in
several similar work settings,7–9 susceptibility

among Mexican-born workers permits sus-
tained rubella transmission. Additional factors
likely contribute to the introduction and
spread of the disease among these persons.
Non-US-born workers often travel to or re-
ceive newcomers and visitors from rubella-
endemic areas and tend to live in crowded
conditions.

In Mexico, the number of rubella cases has
decreased substantially since the MMR vac-
cine was introduced into the childhood pro-
gram in 1998; however, rubella is still en-
demic, with 21173 cases reported in 1999.2

In a serosurvey conducted in 1988, the state
of Veracruz was among the 5 Mexican states
with the highest rubella susceptibility for
women aged 10 to 44 years (31.4%).12

The 13% susceptibility observed for US-
born workers aged 20–39 years is consistent
with previous studies.13 Despite this level of
susceptibility, US-born persons are hardly af-
fected when rubella outbreaks occur.7–9 Possi-
bly, vaccine-induced antibodies remain pro-
tective, even if they wane to levels below the
test threshold for IgG positivity.14–20

The following limitations should be consid-
ered when interpreting our data. We tested a
convenience sample, which may limit the rep-
resentativeness of our results, and selection
bias may have been present. However, biases
according to disease history or vaccination
status seem unlikely. Most rubella cases are
not recognized clinically, US-born workers
did not know their vaccination status, and
Mexican-born workers were not offered the
vaccine in Mexico. Because reliable informa-
tion was not available, we were unable to cor-
relate vaccination history with susceptibility.

Our findings reinforce recommendations to
vaccinate all individuals at risk for rubella
without evidence of immunity1 and illustrate
some of the problems faced when attempting
to vaccinate those at risk—mobility and lack
of access to health care. Most susceptible
workers had left the plant when the MMR
vaccine was offered 2 weeks after serotesting.

To protect these populations at risk for ru-
bella and prevent future outbreaks, new vac-
cination strategies need to be developed. To
ensure control and eventually eliminate ru-
bella and congenital rubella syndrome from
the United States, health care workers and
public health workers should be aware that
certain groups of non-US-born persons are
more likely to be susceptible to rubella than
are US-born adults. Vaccine should be offered
to persons who cannot prove rubella immu-
nity whenever they make contact with the
health care system, without serotesting.

About the Authors
At the time of the study, M. Carolina Danovaro-Holliday
and Susan E. Reef were with the National Immunization
Program, Centers for Disease Control and Prevention, At-
lanta, Ga. Ely R. Gordon is with Brundidge Medical,
Brundidge, Ala. Charles Woernle and Randa H. Judy are
with the Alabama Department of Public Health, Mont-
gomery; at the time of the study, Gary H. Higginbotham
was also with the Alabama Department of Public Health.
Joseph P. Icenogle is with the National Center for Infectious
Diseases, Centers for Disease Control and Prevention, At-
lanta, Ga.

Requests for reprints should be sent to Susan E. Reef,
MD, Centers for Disease Control and Prevention, 1600
Clifton Rd, Mail Stop E-61, Atlanta, GA 30333 (e-mail:
sreef@cdc.gov).

This brief was accepted May 5, 2002.

Contributors
M.C. Danovaro-Holliday was the primary writer of the
brief and participated in its design and conception and
the acquisition, statistical analysis, and interpretation of



February 2003, Vol 93, No. 2 | American Journal of Public Health Danovaro-Holliday et al. | Peer Reviewed | Research and Practice | 291

 RESEARCH AND PRACTICE 

TABLE 2—Risk Factors for Rubella Susceptibility Among Poultry-Processing Plant Workers:
Alabama, June 2000a

Susceptibility Status Univariate Risk Factor Analysis

Immune (n = 281) Susceptible (n = 48) Prevalence Ratio
No. (%) No. (%) (95% Confidence Interval) P

Age, y

≤ 20 44 (83) 9 (17) 1.33 (0.63, 2.81) .463

21–30 123 (84) 23 (16) 1.23 (0.68, 2.22) .490

> 30 109 (87) 16 (13) Referent

Sex

Male 152 (84) 29 (16) 1.25 (0.73, 2.13) .416

Female 129 (87) 19 (13) Referent

Country of birth

US 115 (90) 13 (10) Referent

Mexico 129 (80) 32 (20) 1.96 (1.07, 3.57) .024*

Guatemala 37 (93) 3 (8) 0.74 (0.22, 2.46) .442

Length of stay in the US,b mo

Median (range) 8 (<1–84) 6 (<1–36) . . . .174

Length of employment, mo

Median (range) 3 (<1–130) 2 (<1–25) . . . .071

aPersons with equivocal rubella immunoglobulin G results not included (n = 8). Denominators may change because of missing
data (age not available for 5 persons, length of stay in the United States not available for 4, and length of employment not
available for 12).
bLength of stay in the United States is only for non-US-born persons.
*Significant at P < .05.
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