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Introduction

The incidence of nontyphoid salmo-
nellosis on the island of Guam increased
from 78.6 cases per 100 000 population in
1975 to a peak of 218 cases per 100 000 in
1984. The incidence has declined to 110
per 100 000 in 1989, still more than 5 times
the US rate for the same year.1 Infants
typically account for about 50% of Salmo-
nella cases on Guam. Another unusual
characteristic of the epidemic is the pres-
ence of S. waycross, a serotype that is rare
elsewhere in the world but accounts for
about 30% of all human Salmonella iso-
lates on Guam. In 1984, only 3 of 35 862
cases of salmonellosis reported in the
United States were due to S. waycross;2
all three cases were residents of Guam
who were referred to the state of Hawaii
for medical treatment (A. P. Liang, per-
sonal communication, 1987).

Several investigations have failed to
link infant cases of this epidemic to the
consumption of foods with an animal or-
igin (including milk), to secondary spread
from infected family members, or to the
ownership of pets or domestic animals.->5
Infant salmonellosis cases occur with ap-
proximately equal frequency in both civil-
ian and military communities as well as in
families of both higher and lower eco-
nomic status.3 Investigations of infant day
care and formula preparation practices
have not provided any clues to the origin
of infant salmonellosis cases.4

During the course of an earlier un-
published study of this problem, we were
impressed by an apparent association be-
tween infant salmonellosis cases and a his-
tory of being fed iron-supplemented
brands of infant formula. Samples of these
products, obtained both from case house-

holds and unopened from grocery shelves,
were invariably sterile, however.

In 1984 an article in the veterinary
literature reported that weanling pigs ad-
ministered therapeutic amounts of iron
orally developed more severe Eschenichia
coli diarrhea than pigs to which the same
amounts of iron were administered by in-
tramuscular injection; the authors theo-
rized that increased amounts of available
iron in the intestinal tract promoted the
multiplication of otherwise harmless num-
bers of potentially pathogenic bacteria,
thus rendering them better able to cause
overt disease.9

Since iron-enriched formula is com-
monly fed to infants, we initiated a study
to determine if the iron content of formula
could be contributing to the problem of
infant salmonellosis on Guam.

Methods
A case-control study was carried out

using as cases, infants bom on Guamwho
developed laboratory-confirmed salmo-
nellosis before their first birthday. Cases
were identified prospectively as labora-
tory reports were received from the Guam
public health reference laboratory. (All
medical laboratories on Guam, including
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military facilities, routinely submit iso-
lates of Sabnonella, Shigella, and Vibrio
to this laboratory for confirmation and
serotyping.)

Controls were identified by selecting
the next two births listed in the Guam birth
registry following the case-birth registra-
tion, thereby matching for age and season
of birth. If an infant selected as a control
was deceased, or a salmonellosis case, or
had previously been selected as a control,
the next registered birth was selected. If a
selected infant had been treated by a phy-
sician for diarrhea or if efforts to locate
parents were not successful, the next birth
certificate was selected, and the process
was repeated until two controls had been
enrolled in the study.

Parents of case infants were asked
what milk their infant was being fed when
the diarrhea developed, and parents of
control infants were asked what milk their
infant was being fed at the same age. For-
mula brands were assigned to one of two
categories: low iron (less than 10 mg/L) or
high iron (10 mg/L or more). Upon com-
pletion of each interview, data on the age,
ethnicity, education, and marital status of
the parents, infant birthweight and AP-
GAR score, complications of pregnancy
or delivery, month of pregnancy during
which prenatal care began, number ofpre-
natal physician visits, and number of pre-
vious births to the mother were excerpted
from birth certificates.

Names of all study infants, without
identification as to whether they were
cases or controls, were submitted to the
Special Supplemental Food Program for
Women, Infants and Children (WIC) staff
to determine if they had been enrolled in
that program.

Staiical Methoxs
Cross-tabulations and simple statisti-

cal tests, including x2 tests, were per-
formed using the computer package PC-
SAS.10 Odds ratios (OR) and their 95%
confidence limits (CI) were estimated by
conditional logistic regression analysis,

retaining the matching of controls to cases
as suggested by Breslow and Day,1" using
the computer package EGRET.12

Resas
Of 96 cases of salmonellosis reported

in children less than 1 year of age during
this study, 18 (18.8%) could not be traced.
In selecting controls, birth certificates of
389 infants were examined. Of these, 131
(34%) were excluded from the study for
various reasons, 112 being untraceable. Of
the remaining 258 controls, 167 had no
history of treatment by a physician for di-
arrhea and were enrolled in the study.

Cases were less likely to be receiving
breast milk at the time they developed sal-
monellosis than their age-matched con-
trols (3.9% vs 25.2%), suggesting that fail-
ure to breast-feed infants on Guam is
associatedwith an approximately ninefold
increase in the risk ofsymptomatic salmo-
nellosis infection (OR = 9.15, CI = 2.71-
30.9). This association remained after tak-
ing into account potentially confounding
variables.

To compare infants with regard to the
iron content of infant formula received,
those infants receiving breast milk were
excluded, leaving a total of 75 cases and
125 controls. Cases were more likely than
controls to be receiving infant formula
with a high iron content (OR = 2.96, CI =
1.24-7.08; Table 1). Ninety-six percent of
cases enrolled in the WIC program re-
ceived a high-iron formula compared with
75% of cases not enrolled. Among con-
trols, 80% of infants in the WIC program
received a high-iron formula compared
with 67% of those not in the program. No
association between education of parents
or marital status of mother and type of
infant formula used was observed.

Each of the variables included in Ta-
ble 2 was then considered individually as
a potential confounder of the association
between type ofinfant formula and risk for
salmonellosis using the technique of con-
ditional logistic regression. Controlling
WIC enrollment led to the greatest reduc-

tion in the estimate of the odds ratio (OR
= 2.54, CI = 1.02-6.28), while controlling
marital status led to the greatest increase
(OR = 3.85, CI = 1.51-9.84). A condi-
tional logistic regression model including
the variables listed in Table 2 was then
fitted. Problems of collinearity prevented
the simultaneous inclusion in the model of
terms for father's ethnic group and age.
All other variables were included. When
father's ethnicgroupwas omitted from the
model, the estimated OR of the associa-
tion between high-iron infant formulas and
salmonellosis was 4.74 (CI = 1.28-17.57).
Excluding father's age from the model
produced an OR estimate of 4.04 (CI =
1.09-14.94).

Discussion
It has been suspected for some time

that infants born on Guammaybe infected
with Salmonella bacteria by some means
other than the more commonly recog-
nized modes of transmission. The discov-
ery that both indoor and outdoor environ-
ments on Guam were heavily
contaminated with Salmonella bacte-
ria13,14 and that the incidence of infant sal-
monellosis in particular was linked to sea-
sonal changes in environmental
conditions15 seemed to support the hy-
pothesis that infant salmonellosis might
frequently be a consequence of contami-
nation of the infant's environment rather
than the result ofconsuming contaminated
food products or contact with infected
family members.16 It was also suspected
that the immunologic naivete of newborn
infants was a key factor in facilitating in-
fection by the relatively small number of
Salmonella bacteria that were likely to be
encountered in an apparently clean home
environment and that were harmless to
other family members. The results of this
study suggest that absence of breast-feed-
ing and high levels of iron in some brands
of infant formula may also be factors that
contribute to an increased risk for infants'
developing clinical salmonellosis on
Guam.

Reported complications associated
with pregnancy or delivery was the only
other variable to show a substantially el-
evated OR in our univariate analysis (Ta-
ble 2). This trend remained in both multi-
variate models (OR = 2.79, CI = 0.76-
10.26, father's ethnic group excluded, and
OR = 3.68, CI = 1.08-12.55, father's age
excluded). Complications reported in
more than one case included wrapping of
umbilical cord around neck of infant (14),
meconium staining of infant (8), Caesar-
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ean delivery (6), and premature rupture of
membranes (2). These infants may have
been at increased riskofbeing identified as
salmonellosis cases because of decreased
resistance to infection or because they re-
ceived more intensive medical attention
following delivery. While we did not mea-
sure either disease-specific or general in-
fant immunity levels, our analysis did use
the number of antenatal physician visits as
a proxy measure of the tendency of par-
ents to utilize medical services.

Other possible biases in this study in-
clude loss of 18 (18.9%) cases and 112
(28.8%) controls. Factors that contributed
to the high rate of unlocateable cases and
controls included the mobility of younger
families, the concurrent use of as many as
three different house-numbering schemes
in some areas, and the frequent absence of
addresses or telephone numbers in patient
records. The fact that case address infor-
mation obtained from health care provid-
ers was more current than control address
information listed on birth certificates may
have affected the success rates for locating
individuals from these two groups.

Of initially selected controls, 91 were
excluded from the analysis because they
had a history of physician treatment for
diarrhea and might therefore have been
unidentified cases of salmonellosis. Trial
inclusion of these children in the analysis
led to some reduction in the final estimate
of the OR of the association between type
ofinfant formula and risk ofsalmonellosis,
as might be expected ifmisclassification of
disease status had occurred (OR = 2.34,
CI = 1.22-9.16), but would not materially
alter our interpretation of the results.

A biased estimate of the OR might
also have arisen through failure to control
other confour.ding variables. While socio-
economic status has not been controlled
directly in the analysis, matemal and pa-
ternal education, both indicators of socio-
economic status, have been controlled.
Enrollment in the WIC program, which is
restricted to low-income families, has also
been controlled. Cost differential between
low- and high-iron formulas is not a factor,
as both formulations cost the same.

Weaning practices could also be a
confounding factor, but since 60% of chil-
dren in the study were age 3 months or
less, it seems unlikely that this could have
played a substantial role in the observed
associations. Formula preparation prac-
tice was not examined because an earlier
investigation suggested that this was not a
risk factor for infant salmonellosis on
Guam.4
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It has previously been reported that
breast-feeding and available dietary or se-
rum iron can influence the course of
infections.17-22 Since mother's milk con-
tains only about 1.5 mg ofiron per liter and
normal full-term infants exclusively
breast-fed for 4 to 6 months by mothers in
normal health are unlikely to develop iron
deficiency,23 it may be that maintaining a
relatively low concentration of iron in the
neonatal gastrointestinal tract is one ofna-
ture's strategies for protecting infants
from bacterial infections during the critical
first few months of life. Commercial iron-
supplemented infant formula, on the other
hand, contains from 12 to 19 mgofiron per
liter and would provide the intestinal flora
of infants fed these productswith from 8 to
12 times more iron than is available to
breast-fed infants.

Although one of the objectives of the
Guam WIC program is to encourage
breast-feeding, this study found that
breast-feeding was less common among
WIC program participants than among
nonparticipants (19% vs 28% among con-
trols). The enticement of offering free in-
fant formula to new mothers may be more
effective in determining actual nursing
practice than present educational efforts
designed to foster knowledge and atti-
tudes favorable to breast-feeding. Current
regulations of the WIC program stipulate
that infant formula containing less than 10
mg of iron per liter may be provided only
when a physician determines that the re-
cipient infant has an existing medical con-
dition that contraindicates the use of iron-
supplemented formula. This study
suggests that such a requirement may con-
tribute to the problem of infant salmonel-
losis on Guam.

For the 10-year period 1981 to 1990,
the average annual age-specific incidence
rate for infant salmonellosis on Guam
peaked at age 2 months (approximately
4580 cases per 100 000) but fell by more
than 50% by age 6 months (approximately
2140 cases per 100 000). This result sug-
gests that it would be advisable to breast-
feed Guam newborns for at least 6 months
and to delay feeding iron-supplemented
infant formula for the same period when
breast-feeding is not possible.

While we have only studied the rela-
tionship between salmonellosis and infant
diet, it is possible that other bacterial dis-
eases are similarily affected. It has already

been demonstrated using an animal model
that oral iron supplementation can cause
an exacerbation of diarrhea due to E. coli
infection,9 and both pathogenic strains of
E. coli and Campylobacter (a bacteria
similar epidemiologically to SalmoneUla)
are known to be important causes ofchild-
hood diarrhea in many countries.2-26

Although a relatively high nonre-
sponse rate among both cases and con-
trols and the other potential sources of
bias outlined in this report suggest that a
cautious interpretation of our conclusions
is warranted, we believe that the data pre-
sented here, together with a biologically
plausible mechanism previously reported,
warrant further investigation. Certainly
any inexpensive and readily implemented
strategies that have the potential to signif-
icantly affect the important worldwide
problem of infant diarrheal disease merit
serious consideration. E
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