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Abstract. Feeding of infant formula using contaminated bottles may be an important transmission pathway of enteric
pathogens during early life. Determinants of suboptimal bottle hygiene and the feasibility and acceptability of intervention
strategies have not been well assessed. We evaluated the extent of bottle contamination, its contributing factors, and options
forpromoting improvedbottle hygiene in aPeruvian shantytown.DuringPhase1,wesampled frombottlesandcaregiver hands
(n = 48) and processed for enumeration of total coliform and Escherichia coli colony-forming units. A semi-structured ques-
tionnaire captured bottle use and hygiene practices. Phase 2 involved the identification of candidate practices to recommend
to caregivers. Phase 3 consisted of a behavioral trial in which 14 caregivers were educated about improved practices for
bottle disinfection and later reported on their experiences implementing them. Fecal bacteriawere detected in 43.8%of bottles
sampled during Phase 1 and in 21.7% of hands. Caregivers overall did not use effective methods for disinfecting bottles,
displayedmisunderstandingssurroundinghygienicpractices, and fewhadeverdiscussedbottle hygienewithahealthprovider.
Findings from the behavioral trial indicated that the improved practice of brushing the bottle with dish detergent for 30 seconds
after every use is preferable to boiling the bottle for several minutes daily as caregivers reported that the brush was simple to
use, efficient, and practical. The promotion of a bottle brush and detergent is a feasible and acceptable intervention strategy in
peri-urban settings, and future research should evaluate its long-term effectiveness for reducing bottle contamination.

INTRODUCTION

Repeated exposure to enteric pathogens during infancy is
an important cause of growth stunting in developing
countries.1,2 Stunting is not only a leading risk factor for
childhood morbidity but also carries lifelong consequences
such as cognitive impairments and decreased economic
productivity.3–8 In Peru, as in most resource-poor settings,
stunting tracks closely with poverty: Whereas stunting affects
only 3.7% of children in the highest wealth quintile, it affects
34.0% of Peruvian children in the lowest wealth quintile.9 As a
result, the long-term sequelae of stunting may reinforce the
economic disadvantages experienced by those who are most
vulnerable to chronic malnutrition in early life.
Infants who are not exclusively breastfed are more sus-

ceptible to diarrhea and asymptomatic enteric infections.10–13

This risk may be attributed in part to the transmission of in-
fectious agents during bottle-feeding. High levels of fecal bac-
terial contamination have been found in the lacteal contents of
bottles,14–19 as well as on bottles and nipples themselves.20–23

Studies that have recovered specific pathogens from bottles
identified enteropathogenic Escherichia coli and Staphylococ-
cus aureus as the most common bacteria.20,21,23 In peri-urban
Peru, as early as 1989, a study found 35% of bottle nipples and
23%of bottles to be contaminatedwith E. coli—higher than any
other household item sampled.24

Current trends toward increased formula feeding for infants
less than 6months of age in Peru pose serious risks for enteric
infections.9,25 Although Peru’s exclusive breastfeeding rates
improved considerably during the 1980s and 1990s, this
progress has slowed since 2004. In turn, the use of infant

formula and bottles has increased.26–28 According to Peru’s
Demographic andHealthSurvey, in 2014, the rateof bottle use
among infants < 2months of age had returned to levels seen in
1992 (30.4%), after falling to a low of 18.3% in 2004.9,25,29

Bacterial outgrowth in feeding bottles is facilitated by the
tendency of formula or milk to become a culture medium and
by thedifficulty of adequately cleaningbottles. Several studies
have postulated relationships between bacterial counts and
self-reported bottle-cleaning practices, yet several have failed
to demonstrate significant associations. In Brazil, no differ-
ences were observed in median coliform counts between
bottles that were reportedly washed or disinfected and those
that were not, and in the United Kingdom, bacterial contami-
nation (> 5 colonies/mL)was found in 54%of bottles that were
self-reported to be sterilized through boiling.16,22

Such findings point to the need to better explore patterns of
bottle contamination, caregivers’ perceptions of bottle-cleaning
practices, and the barriers to effective disinfection. In addition,
research is needed on opportunities for changing behaviors
within the home. An understanding of these factors is critical to
developing intervention strategies that may reduce infants’ ex-
posure to pathogens through bottle-feeding.
We conducted this study to explore the determinants of

suboptimal bottle hygiene in peri-urban Peru and to identify
realistic strategies to improve those practices. The study had
three objectives: 1) to quantify fecal contamination in bottles
and current bottle-feeding and bottle-cleaning practices; 2) to
identify effective bottle disinfection practices using local re-
sources; and 3) to evaluate the acceptability and feasibility of
improved practices for bottle care.

MATERIALS AND METHODS

This study involved three sequential phases of data col-
lection to first explore the parameters of bottle contamination
and then develop and evaluate measures to improve bottle
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hygiene (Table 1). Data collection was carried out in Villa El
Salvador, a coastal, peri-urban district on the southern out-
skirts of Lima, Peru. Most of the approximately 380,000 in-
habitants of this shantytown (pueblo joven) are first- or
second-generation migrants from the Andean region, and
have settled the area through a series of “invasions” in which
families stake out plots of unauthorized land, build homes, and
over time seek recognition and infrastructure from the local
government.30 Data were collected from four of Villa El Sal-
vador’s 10 sectors. The district has an altitude of 1,550 m.
Participants and sampling. This study is nested within a

larger cohort study on viral diarrhea in which infants less than
6 months of age have an average of 0.26 diarrhea episodes per
child-month. All participants were recruited from households
enrolled in the cohort study. A purposeful sampling scheme
ensured thatparticipants representedall four sectorscomprising
the cohort study’s field site as they differed in terms of socio-
economic status andwater and sanitation access.31 Aminimum
of eight participantswere recruited fromeach sector. In addition,
we attempted to recruit caregivers with considerable variation
regarding characteristics that may be relevant to infant feeding
practices, such as education level and marital status.
Cohort study field workers conduct daily surveillance of

infant health and caregiving behaviors, including breastfeed-
ing status, and thus their records were used to identify po-
tential participants for the present study. Caregivers were
eligible to participate if they were currently bottle-feeding an
infant younger than 9months of age. “Caregiver”was defined
as any member of the family who dedicated significant time
(> 4 hours/day) to caring for and feeding the infant during the day.
For the third phase of the study, a subset of participantswas

selected from the initial sample based on results from the first
study phase. Again, participants were recruited from distinct
areas of the community to maximize geographic and socio-
economic diversity of the group.
Datacollection.Phase1: assessment of current landscape.

Phase 1 (January–March 2017) consisted of sample collection
from bottles and caregiver hands and the administration of a
semi-structured questionnaire. Samples were collected dur-
ing home visits by a trained field worker and the first author.
Before collecting the sample, the field worker asked if the in-
fant’s bottle was currently being used or was hypothetically
ready to be used. Because the goal of this method was to
quantify the fecal bacteria that may be transmitted via bottle-
feeding, we did not sample from bottles that were considered
dirty and not ready for use at the time of the visit.

Bottle samples were collected aseptically by rinsing the
bottle with 50 mL of sterile water for 60 seconds. Hand sam-
ples were collected by asking the caregiver to rinse each hand
for 30 seconds in a sterile Whirl-Pak bag filled with 50 mL of
sterile water. Each 50-mL sample was then placed in a sterile
falcon tube, labeled, and stored in an insulated cooler with ice
packs until being transported to the laboratory for processing
(Figure 1). Controls of sterile water prepared in the field were
sent to the laboratory on the first and last days of sampling
each week to ensure that the water was not contaminated
during any step of the procedure. Sampling took place during
the summer months (January–March 2017) when the mean
daily temperature was 24.2�C. All samples were collected be-
tween 9:15 AM and 11:30 AM to allow for same-day processing.
Bottle and hand samples were analyzed for total coli-

form and E. coli, a reliable proxy indicator of fecal bacterial
contamination.32 As illustrated in Figure 1, two serial dilu-
tions were prepared for each sample, which were then fil-
tered through a 47-mm-diameter, 0.45-μm-pore size filter
and incubated on m-ColiBlue24 agar at 37�C for 24 hours,
in accordance with the manufacturer’s instructions (Hach
Company, Loveland, CO). Total coliform and E. coli colonies
were enumerated based on the number of red and blue col-
onies, respectively. Coliform density was determined by di-
viding the number of colonies counted by the volume of rinse
filtered after accounting for the dilution, producing a value of
colony-forming units (CFUs) per mL. Averages were taken
between multiple dilutions to determine the estimate for each
sample. If there were more than 200 colonies of all types,
results were reported as “too numerous to count” per the
manufacturer’s instructions, and the other dilution prepared
for the sample was used to determine coliform density. The
presence of E. coli was confirmed through colorimetric bio-
chemical assays (triple sugar iron, lysine iron agar, Simmons’
citrate agar, and sulfide indole motility) of representative col-
onies picked from the agar plates. All processing took place at
the Universidad Peruana Cayetano Heredia in Lima, Peru,
within 6 hours of sampling.
The field worker administered a semi-structured question-

naire in Spanish at the time of sample collection to record
information about bottle characteristics, usage, and cleaning
methods. The use of detergent, a bottle brush, and boiling
were of particular interest as these disinfection practices are
recommended by the WHO.33 Participants’ sources of in-
formation regarding formula and bottle hygiene were also
explored. The questionnaire was informed by the Integrated

TABLE 1
Data collection methods, goals, and participants by study phase

Data collection method Goal of method Number of participants

Phase 1: assessment of current landscape
Sample collection from bottles and hands Estimate levels of fecal bacterial

contamination in bottles and hands
48

Semi-structured questionnaire Explore bottle-cleaning practices and
barriers to optimal bottle hygiene

48

Phase 2: development of improved practices
Bottle-cleaning trial Identify efficacious practices to promote

during TIPs
NA (six replicates under
controlled conditions)

Phase 3: TIPs
Semi-structured interviews Assess feasibility and acceptability of

improved practices
14

NA = not applicable; TIPs = trial of improved practices.
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Behavioral Model for Water, Sanitation, and Hygiene (IBM-
WASH), which identifies psychosocial, technology, and con-
textual determinants of WASH behaviors that operate across
several ecological levels.34 Most questions had discrete re-
sponse options, yet open-ended questions were included to
allow participants to elaborate on their experiences and the
challenges to bottle disinfection. The questionnaire was
translated from English to Spanish by the first author and then
reviewed during a workshop with field workers to ensure that
all phrasing would be comprehensible among the study
population. Finally, it was back-translated to English by an-
other bilingual member of the research team to confirm the
accuracy of the translation, resulting in minor changes to the
Spanish version.
During theadministration of thequestionnaire, responses to

open-ended questions were digitally audio-recorded. At the
end of the home visit for Phase 1, caregivers were informed
that the laboratory results would be shared within 2 months.
Sociodemographic information about each participant and
household living conditions had been previously collected on
enrollment into the parent cohort study.
Phase 2: development of improved practices. Phase 2

(March 2017) involved a small laboratory trial comparing
bottle-cleaning methods to inform the content of the behav-
ioral trial in Phase 3. Methods assessed were derived from
international guidelines for the safe handling of infant formula,
which recommend that “Where feedingbottles are used, clean
bottle and teat brushes should be used to scrub inside and
outside of bottles and teats.”33 Thus, the trial sought to eval-
uate the relative efficacy of a set of bottle-cleaning procedures
using a nylon-bristle bottle brush purchased in the field site,
under controlled conditions.
A solution of 1,000 CFU/mL was prepared by isolating

E. coli colonies from previously plated samples and culturing
with tryptic soy agar. This was used to contaminate six new
plastic bottles with 15mL of the solution each, and the bottles

were agitated for 60 seconds and then left for 15minutes. One
contaminated bottle served as the baseline measure of con-
tamination, and the remaining five bottles were each sub-
jected to one of five cleaning procedures. The procedures
were 1) rinsing twice with water, 2) brushing with water for 30
seconds, 3) brushing with water for 60 seconds, 4) brushing
with water and Ayudin (the local dish detergent) for 30 sec-
onds, and 5) brushing with water and Ayudin for 60 seconds.
Rinse was defined as filling the bottle with 90mL of previously
boiled (and then cooled to room temperature) water, closing
with the nipple, swirling three times until thewater reached the
top of the bottle, and then inverting three times. Brush was
defined as filling the bottle with 90 mL of previously boiled
water andbrushing the interior of thebottle in an up-and-down
motion for the specified period of time, and then brushing the
nipple for an equal period of time. The research team deemed
the use of boiled water as feasible for households because all
cohort study households had reported boiling water for
drinking in the sociodemographic questionnaire administered
on cohort study enrollment.
Bottle samples were collected and processed according to

the same procedures used for field samples (described pre-
viously). Six replicates of this trial were conducted. A colony
reduction to < 5 CFU/100 mL was set as the acceptable level
of contamination. Colony reductions were calculated by
comparing the average value of the results of each cleaning
method with the average baseline sample.
Phase 3: trial of improved practices (TIPs). The final study

phase (March–April 2017) entailed a TIPs to assess the fea-
sibility and acceptability of two demonstrated practices for
improved bottle hygiene. Trials of improved practices, also
known as behavioral trials, are a formative researchmethod in
which community members are treated as consultants to
explore their perceptions andexperienceswith recommended
activities, with the goal of informing future intervention design
and implementation.35 In our study context, the first improved
practice—“boil the bottle by removing the nipple and keeping
the bottle and nipple on the stove at a rolling boil for several
minutes at least once per day”—was selected based on existing
evidence.33 The second improved practice was identified from
theresultsof thecontrolled trial andconsistedof “brush thebottle
with Ayudin for 30 seconds after every use.”
TheTIPswas conducted over a 2-week periodwith a subset

of participants for Phase 1. Two household visits were con-
ducted by a team consisting of a nurse-field worker and the
first author. On the first visit, the team shared the results from
the household’s sample collection, discussed the risks as-
sociated with bottles that are not fully disinfected, and
explained one of the two improved bottle disinfection prac-
tices. A nylon-bristle brush and small container of Ayudin (310 g)
were provided to each caregiver for whom the brushing
practice was recommended. In addition, the nurse-field
worker provided live demonstrations of the recommended
practice if permitted and provided an opportunity for the
caregiver to ask questions to ensure that all steps were un-
derstood. Caregivers were asked to implement the recom-
mended practices for at least 1 week, or until the field worker
returned for the follow-up visit.
Within 7–10 days of the initial visit, follow-up semi-

structured interviews were completed and audio-recorded
to explore caregiver experiences and attitudes surrounding
the recommended practices. The team assessed how and

FIGURE 1. Procedures for sample collection and processing. This
figure appears in color at www.ajtmh.org.
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with what frequency the caregiver had disinfected the bottle
over the past week, motivating factors, and barriers and fa-
cilitators to the recommended practice.
Data analysis. Data entry and statistical analyses. Data

were entered and analyzed using Visual FoxPro and Stata
Statistical Software version 13 (StataCorp LP, College Station,
TX). The presence or absence of bacterial contamination in the
samples was measured as a dichotomous variable: neither the
sterile water controls nor negative samples contained any de-
tectable CFU. The range of CFU/mL in the positive sampleswas
measured as a continuous variable. We calculated descriptive
statistics of bottle characteristics and feeding and hygiene
practices, and explored their associations with bottle contami-
nation through chi-squared tests for significance; Fisher’s exact
test was also used when the number of items in any group was
less than five. Rates of contamination in the bottle and hand
samples were compared using McNemar’s test.
Qualitative data analysis. Native Spanish speakers tran-

scribed the audio recordings of the textual data collected
through Phase 1’s questionnaire and Phase 3’s home visits
verbatim. The first author coded the transcripts directly from
Spanish by hand and analyzed them using directed content
analysis, with a focus on factors affecting caregivers’ capacity
to practice appropriate bottle disinfection.36 Starting with di-
mensions from the IBM-WASH ecological framework, the first
author identified key concepts related to psychosocial, tech-
nological, and contextual factors which served as the initial
codes.34 After reviewing and refining the coding scheme with
two other members of the research team, the first author ap-
plied the codes to all transcripts and organized them into
categories and eventually into broader themes.
Ethical approval. The study protocol was approved by the

institutional review boards from Johns Hopkins Bloomberg
School of Public Health (Baltimore, MD) and Asociación
Benéfica Proyectos en Informática, Salud, Medicina, y Agri-
cultura (Lima, Peru). Written informed consent was obtained
from all caregivers or from the infant’s grandmother if the
mother was < 18 years old (n = 2).

RESULTS

We integrated findings from our three study phases to es-
timate bottle contamination, understand its contributing fac-
tors, and assess strategies for reducing such risks. In the
following paragraph, we begin with an overview of participant
sociodemographic characteristics. Next, we present the
quantitative findings from Phase 1, including the microbio-
logical results of bottle and hand samples, bottle character-
istics, andpractices related tobottle use andhygiene.We then
present findings from Phase 2’s laboratory trial. Finally, we
discuss our qualitative findings related to barriers to bottle
disinfection (Phase 1) and factors influencing the uptake of
improved practices (Phase 3), drawing on illustrative quota-
tions when appropriate.
Participant characteristics. Forty-eight caregivers pro-

vided samples and completed the questionnaire during the
first phase of the study (Table 2). The majority (54.2%) of
mothers had at least 12 years of formal education, and only
one was illiterate. Nearly half of all mothers were younger than
25 years (range 14–41 years), and 44 (91.7%) infants were
younger than 6 months (range 1–8 months). Nineteen par-
ticipating households did not have a land title and, therefore,

lived on property not formally recognized by the municipality,
yet most households had reasonable living conditions with
access to piped drinking water, a flush toilet, and a cement or
provisional cement floor. Piped water was generally regarded
as unsafe for drinking, and all households reported boiling
water before drinking or using for food preparation.
Sociodemographic characteristics of the caregivers recruited

for the TIPs were overall similar to the larger group, yet the TIPs
participants had slightly lower maternal education and a greater
proportion did not have a land title (Table 2).
Bacterial contamination of bottle and hand samples.

Total coliform was detected from all 48 bottle samples col-
lected and from 45/46 (97.8%) of the hand samples collected
(two participants declined to provide hand samples) (Table 3).
As shown in Figure 2, the median total coliform count in
positive bottle samples was 1.1 × 103 CFU/mL with a range of
1–1.5 × 104 CFU/mL. The median total coliform count in
positive hand samples was 1.1 × 102 CFU/mL with a range of
2–3.1 × 103 CFU/mL. Escherichia coli was detected in 21
(43.8%) of 48 bottle samples and 10 (21.7%) of the 46 hand
samples. The median E. coli in positive bottle samples was
7.3 × 101 CFU/mL with a range of 1–1.6 × 103 CFU/mL
(Table 3). The median E. coli count in positive hand samples
was 1.2 × 101 CFU/mL with a range of 1–1.2 × 103 CFU/mL.
Bottles were significantly more contaminated than hands (P =
0.0075). Bottle-rinse colonycountswerepositively associated
with hand-rinse colony counts in the same household
(Spearman ρ = 0.42, P = 0.004).
Bottle characteristics, usage, and hygiene practices.Of

the 48participating households, 34 (70.8%) hada single bottle
that was used continuously throughout the day. Thirty-six
bottles (75.0%) had a cap at the time of sampling. Thirty
(62.5%)weremade of plastic, whereas 18 (37.5%)were glass.
Most bottles (70.8%) were prepared by the infant’s mother,
but other bottle handlers included the father, grandparents,
and older children (Table 4). The number of times the bottle
was prepared each day ranged from 1 to 15, with most care-
givers (54.2%) preparing the bottle three to six times per day.
This variation was likely due to the differing rates of mixed and
partial breastfeeding among mothers and the handling of
leftover feeds: Although 28 (58.3%) mothers reported that
they discarded of leftover liquid feeds, 15 (31.3%) mothers
kept them to be given to the infant later. Only five (10.4%)
caregivers reported storing leftover feeds in the refrigerator
(Table 4). Of 48 caregivers, 41 (85.4%) fed their infants for-
mula, whereas seven (14.6%) used cow’s milk; nearly all of
these products were sold as dehydrated powder.
According to caregiver self-report, the most common dis-

infection method was washing the bottle with dish detergent
as slightlymore than half (52.1%) of caregivers reported doing
this regularly. Of those, six (12.5%) reported scrubbing the
interior of the bottle with detergent and a bottle brush; another
nine (18.8%) caregivers used a brush without detergent. Only
11 (22.9%) caregivers reported boiling their bottles on a daily
basis. The majority of caregivers (58.3%) never boiled bottles
(Table 4). High rates of fecal contamination were observed in
bottles that were reportedly disinfected, including detergent
use and daily boiling. Overall, we did not find any statistically
significant associations between self-reported bottle disin-
fection and fecal contamination (Table 5). Additional cova-
riates assessed, including bottle characteristics described in
Table 4, also failed to demonstrate significant associations.
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Trial of cleaning practices under controlled conditions.
Laboratory results indicated that the baseline contamination
level after exposure to the E. coli solution was an average of
1.98 × 103 CFU/100 mL (SD: 302.4). As anticipated, the av-
erage reductions in E. coli increased as cleaning methods
becamemore intensive in all six replicates of the trial. The only
methodscapableof reducingcontamination levels to<5CFU/
100 mL were brushing with water and detergent for 30 sec-
onds and 60 seconds, which yielded an average of 2.3 (SD:
1.7) and 1 (SD: 2) CFU/100 mL, respectively. Given that the
bacterial reductions from these two methods were nearly
equivalent, the shorter duration was selected as the second
improved practice to minimize the required time commitment
for caregivers. For these reasons, “brush with Ayudin for 30
seconds after every use” was the second improved practice
recommended to caregivers during the TIPs in Phase 3.

Identified barriers to optimal bottle disinfection. Narra-
tives that emerged during the administration of the Phase 1
questionnaire provided insight into obstacles to optimal bottle
hygiene. Although caregivers expressed understandings con-
sistentwith the germ theory of disease, probing revealed a lack of
understandingof thespecificstepsnecessary fordisinfection.For
example, several caregivers described “boiling” a bottle as plac-
ing it in a bowl of hot water, rather than leaving it on the stove at a
rolling boil for several minutes, as recommended by the WHO.33

The nutritionist told me that we have to boil the bottle. . .I
do boil it, it’s quick—if I see that the water is boiling, I toss
it inmy bowl, I put [the bottle] in the boiledwater, and right
there the germs are killed.

(33-year-old mother with incomplete secondary school
education; 6-month-old child)

Some participants reported submerging the entire bottle
with the nipple attached into a bowl or pot to “boil,”whereas a
number of other caregivers perceived rinsing the bottle with
boiled water as adequate for purposes of disinfection.

Right when the water is boiling in the teapot, I take a bit
out, and I start rinsing, washing everything. . .I rinse it with
hot, boiled water to kill the germs—I’ve even burned my
hand a few times!

TABLE 2
Sociodemographic characteristics of participants in Phases 1 and 3

Phase 1: sample collection and
questionnaire (N = 48), N (%)

Phase 3: behavioral
trial (N = 14), N (%)

Maternal age (years)
< 25 23 (47.9) 7 (50.0)
25–29 8 (16.7) 2 (14.3)
30–34 10 (20.8) 2 (14.3)
> 34 7 (14.6) 3 (21.4)

Maternal educational attainment
Complete superior (> 12 years) 2 (4.2) 1 (7.1)
Complete secondary school (12 years) 24 (50.0) 4 (28.6)
Incomplete secondary school (6–11
years)

17 (35.4) 6 (42.9)

Incomplete primary school (< 6 years) 5 (10.4) 3 (21.4)
Age of infants (months)
< 2 months 13 (27.1) 1 (7.1)
3–6 months 31 (64.6) 12 (85.7)
> 6 months 4 (8.3) 1 (7.1)

Property ownership
With land title 29 (60.4) 4 (28.6)
Without land title 19 (39.6) 10 (71.4)

Main source of drinking water
Piped connection to dwelling 35 (72.9) 7 (50.0)
Public tap 7 (14.6) 4 (21.4)
Provisional piped connection 5 (10.4) 3 (28.6)
Tanker truck 1 (2.1) 0 (0)

Toilet
Flush toilet 37 (77.1) 9 (64.3)
Latrine 8 (16.7) 2 (14.3)
Provisional flush toilet 2 (4.2) 2 (14.3)
No toilet in home 1 (2.1) 1 (7.1)

Floor material
Dirt/sand 4 (8.3) 1 (7.1)
Provisional cement 17 (35.4) 6 (42.9)
Cement 23 (47.9) 6 (42.9)
Wood 4 (8.3) 1 (7.1)

Refrigerator in home
Yes 33 (68.8) 7 (50.0)
No 15 (31.3) 7 (50.0)

TABLE 3
Total coliform and Escherichia coli contamination in bottle and hand
samples

Bottles (N = 48), N (%) Hands (N = 46), N (%)

Total coliform
Negative 0 1 (2.2)
Positive 48 (100.0) 45 (97.8)

Escherichia coli
Negative 27 (56.3) 36 (78.3)
Positive 21 (43.8) 10 (21.7)
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(20-year-old mother with complete secondary school
education; 7-month-old child)

Ownership of glass bottles generated additional barriers to
appropriate bottle disinfection. Several caregivers worried
that the glass bottle would crack if it were placed in boiling or
hot water and chose not to take this risk because replacing it
would be prohibitively expensive.
In addition, perceptions of detergent interfered with its ef-

fective use. Some caregivers avoided detergent because they
viewed it as potentially harmful for an infant, as one 24-year-
oldmother stated, “[Detergent] leaves asmell and it’s strong. If
a tiny little bit remains, then it can harm the baby’s stomach.”
Others believed that using a brush to scrub the bottle interior
obviated the need for detergent.
Health providers’ advice surrounding bottle hygiene.

Most caregivers did not receive any information or guidance
regarding bottle cleaning from health providers, despite the
fact that they often discussed infant feeding practices after
delivery and during postnatal care visits. Out of 48, 29
(60.42%) caregivers had discussed formula use with an ob-
stetrician or pediatrician, yet only eight (16.67%) had ever
received information about bottle hygiene. Some caregivers
received advice related to purchasing choices, such as to
buy glass bottles instead of plastic and to regularly replace
bottles and nipples. One caregiver recalled that “The nurse
in the hospital told me that you always have to change the
bottles—they should be changed after atmost threemonths,”
yet found it difficult to adhere to this suggestion given her
household’s socioeconomic instability.
More commonly, nurses advised mothers to avoid bottles

altogether and to spoon-feed their infants or use a cup in-
stead. Yet, mothers generally did not heed these recommen-
dations, citing how bottle-feeding saved time and helped
infants consume greater volumes of formula. As one 41-year-
oldmother said of her 8-month-old son, “With the cup he gets
desperate and he spills on himself. . .the quickest for me is the
bottle.”
Uptake of practices recommended during the TIPs.

Fourteen caregivers were selected for participation in the TIPs
based on the detection ofE. coli in their bottles during Phase 1
(median of 42.4 CFU/mL). Eleven TIPs participants were
mothers, one was a father, and two were grandmothers.
During the first round of household visits, the boiling practice

was assigned to six caregivers and the brushing practice was
assigned to eight. During the follow-up visits, all caregivers
who received the recommendation to brush the bottle with
Ayudin implemented this practice at home, yet two did so less
frequently than recommended. Three of six caregivers re-
ported adhering to the recommendation of boiling the bottle
on a daily basis (one stopped boiling altogether and two
modified the frequency and duration).
Caregivers generally expressed enthusiasm for the im-

proved practices. All but two of the caregivers reported noting
a difference in the appearance of the bottle after implementing
the new disinfection methods; remarks included “it looked
shiny, like it was new” and “it looks cleaner now, more hy-
gienic.” Most caregivers reported sharing the recommenda-
tion with their partners, mothers, and other household
members. Thirteen of 14 caregivers said they would plan to
continue the recommended practice in the future.
Facilitators and challenges surrounding behavior change.

The IBM-WASH framework guided the identification of fac-
tors that influenced caregivers’ capacity to implement the
improved practices. Within the technology dimension, care-
givers were impressedwith the relative convenience and ease
of use of the brush.

It helps me because it’s quick. I could get everything out,
even from the little nipple. Before, with the sponge,
nothing would come out—I spent so much time trying to
get everything out with the sponge!

(13-year old mother with incomplete primary school ed-
ucation; 4-month-old child)

By contrast, boiling was more time-consuming and less
convenient and was associated with higher perceived costs
because of the gas required for the stoves. For example, a 41-
year-old caregiver attempted to boil her bottle by burning
wood outdoors to conserve her tank of gas, explaining
“Boiling every single day is a big expense, andwe’re stretched
for money these days.” When this proved too difficult, she
decided to clean her bottle with bleach instead of boiling it.
In addition to technology-related factors, boiling bottles

was also restricted by contextual factors such as the division
of labor within the household. Given that mothers were often
responsible for all household tasks, it was challenging to set
aside 10–15 minutes to put water to boil and boil the bottle
thoroughly, as was recommended for the TIPs.

Sometimes I lose trackof timeand I don’t do it. . .I think it’s
possible to do but sometimes I forget, or sometimes I’m
cooking, and I have to tend to the clothes, or I hear them
crying, and I go running—that’s why.

(23-year-old mother with complete secondary school
education; 5-month-old child)

During the follow-up interviews, caregivers shared how
several aspects of the initial TIPs visits had motivated them to
try out the improved practices. Receiving the results of the
bottle testing heightened the “perceived threat” of dirty bottles,
as described within the psychosocial domain of IBM-WASH.
Caregiverswereoften surprisedanddismayedwhen thenurse-
field worker informed them that “germs that cause diarrhea”

FIGURE 2. Counts of total coliform and Escherichia coli colony-
forming unit/mL in positive bottle and hand samples.
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had been found inside their bottle. During the second visit,
when asked about their reasons for implementing the new
practices, the majority (9/14) mentioned their desire to prevent
their child from having contact with germs or getting sick.
In addition, caregivers commonly mentioned the value of

the TIPs demonstrations for both boiling and brushing as they
clarified all steps in the process and corrected previous mis-
conceptions. A particularly important aspect of the brushing
demonstrations involved the bottle rinse at the end, during
which the nurse-field worker showed how rinsing thoroughly
two times would wash away all of the remaining detergent.
This helped to alleviate concerns about detergent harming the
infant, and two caregivers even developed their own strategy
of smelling the bottle after rinsing to ensure that the deter-
gent’s odor was gone.

DISCUSSION

Bottles for feeding formula or milk to infants in shantytown
communities of Lima are important transmission routes for
enteric pathogens because of inappropriate disinfection
practices. Our first study phase revealed that bottles were
highly contaminated with fecal bacteria at rates that were
comparable with those found in previous studies.20,21,23 Im-
portantly, rates of contamination in our population were far

greater in bottles than in caregiver hands (43.8% and 21.7%,
respectively). These findings alignwith the extensive evidence
base for the dangers of bottle-feeding infants in low-resource
settings, which include greater susceptibility to respiratory
and enteric infections during childhood.37–40

The high levels of fecal contamination detected in the bot-
tles may be attributable to biofilm formation on the interior
walls of the bottles. Caregivers’ remarks at the shiny appear-
ance of their bottles following execution of the TIPs recom-
mendations suggest that macroscopic biofilm layers may
have emerged in the absence of adequate cleaning practices.
Many types of bacteria, including E. coli, have been found to
thrive in biofilm communities, which tend to form at solid–
liquid interfaces and are enclosed in an extracellular
matrix.41,42 Given their structural integrity, biofilm-associated
cells cannot be removed by gentle rinsing, and, therefore,may
play a role in the need for more intensive disinfectionmethods
to maintain clean bottles.41

Our data suggest several aspects of bottle use, which cre-
ate risks for bacterial contamination. Because of socioeco-
nomic constraints, most households use plastic bottles,
which havebeen shown toharbor greater quantities of formula
residue after a feeding as compared with glass bottles.43 The
tendency to store prepared feeds for several hours and then
re-use them, rather than discard costly formula, likely facili-
tates further bacterial outgrowth. Finally, the fact that most
households have only one bottle may increase the need for
their continuous use and decrease opportunities for thorough
cleaning between feeds.
Once bottles have become contaminated, suboptimal

cleaning practices preclude disinfection before their sub-
sequent use. Data collected from Phase 1 highlight in-
complete understandings of how to adequately disinfect
bottles, which may explain the absence of significant asso-
ciations between bottle contamination and hygiene practices.
For example, although we might have expected that bottles
boiled on a daily basis would be significantly less contami-
nated than those never boiled, we found that caregivers’ in-
terpretation of “boiling” was to leave the bottle in a bowl of
water that hadbeenboiled in a kettle. This actiondiffers greatly
from what is recommended for the purposes of disinfection,
and evidence suggests that several strains of pathogenic
bacteria remain viable at a temperature below 65�C.44

These misconceptions may be related to the lack of
communication surrounding appropriate bottle hygiene dur-
ing their interactions with health providers. Recommenda-
tions that participants received from providers related to
purchasing glass bottles or replacing bottle-feeding with
spoon-feeding often proved difficult to implement and did
not equip caregivers with the skills necessary to adequately
disinfect the bottles. Postnatal and well-baby visits may
represent an opportunity for health providers to discuss
feasible bottle-cleaning methods with caregivers that have
already decided to give formula or cow’s milk to their infants
using bottles.
To our knowledge, this is the first study to develop and

assess strategies for a bottle hygiene intervention based on a
context-specific understanding of existing practices and their
behavioral determinants. Theoretical frameworks such as
IBM-WASH have underscored the importance of “enabling
products” to encourage behavior change.34,45 Previous
studies of bottle contamination at the community level have

TABLE 4
Bottle characteristics, usage, and bottle hygiene practices (N = 48)

N (%)

Number of bottles in home
1 34 (70.8)
2 12 (25.0)
3 2 (4.2)

Bottle material
Plastic 30 (62.5)
Glass 18 (37.5)

Bottle cap
Yes 36 (75.0)
No 12 (25.0)

Bottle handler
Mother 34 (70.8)
Father 5 (10.4)
Grandmother/grandfather 5 (10.4)
Other child in home 4 (8.3)

Average number of times bottle is prepared each day
1–2 10 (20.8)
3–6 26 (54.2)
> 6 12 (25.0)

Handling of leftover feeds
Discarded 28 (58.3)
Stored at ambient temperature 10 (20.8)
Stored in refrigerator 5 (10.4)
Consumed by mother or another child 5 (10.4)

Bottle contents
Infant formula 41 (85.4)
Cow’s milk 7 (14.6)

Use of detergent to clean bottle
No 23 (47.9)
Yes 25 (52.1)

Use of bottle brush to clean bottle
No 33 (68.8)
Brush with only water 9 (18.8)
Brush with detergent 6 (12.5)

Boiling bottle
Never 28 (58.3)
Less than daily basis 9 (18.8)
Daily basis 11 (22.9)
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tended to focus on the need for health education and attitude
shifts to improve practices,16,22 whereas other studies have
exclusively examined the efficacy and efficiency of cleaning
products in a controlled laboratory setting.43,46,47 Our study
adds to this literature by using a TIPs to examine participants’
experiences with and perceptions of different technologies in
a field setting. Specifically, we found the nylon-bristle bottle
brush to have several advantageous attributes highlighted in
the technology domain of IBM-WASH: it is easy to use, efficient,
locallycommercially available, and inexpensive (1Peruviansol or
approximately 0.30 USD).
By comparison, when caregivers boiled their bottles, they

oftendid so inadequately, andothers found it overly costly and
time-consuming to adhere to the suggested duration of boil-
ing for severalminutes. This finding reflects the conclusions of
several other studies demonstrating the impracticality of
boiling water in low-resource settings because of economic
and indirect (time) costs.48–51 Furthermore, boiling introduces
the additional risk of burns; several studies conducted in peri-
urban Lima have identified scalding as the primary cause of
burns in youngchildren,with poverty and household crowding
exacerbating such risks.52,53 For these reasons, although our
controlled trial indicated that the use of a bottle brush and
detergent did not eliminate 100% of the bacterial contami-
nation, the advantages of this practice over the alternative
disinfection procedure of boiling are substantial.
Our data also highlight key factors for adoption of improved

bottle hygiene practices. After learning the results of their
bottle testing, most caregivers cited their new awareness of
this threat as motivation to try out the recommended prac-
tices. This indicates the value of increasing one’s “perceived
susceptibility”—a theoretical construct identified by the
Health Belief Model as necessary for successful behavior
change.54,55 In addition, the social learning that occurred from
the demonstrations provided during the initial household visit
likely strengthened caregivers’ self-efficacy to practice bottle
hygiene, although reducing the “perceived barriers” to such
practices.54,56 Future interventions that address these be-
havioral determinants may prove more effective in promoting
adoption of bottle hygiene behaviors.
This study was limited by several factors. First, data on

bottle-feeding and bottle-cleaning practices during Phase 1
were collected via self-report rather than direct observations
and, therefore, may have been subject to social desirability
bias.57 Nevertheless, we triangulated both quantitative and
qualitative methods to assess existing practices and facilitate

an in-depth understanding of the most pertinent barriers to
bottle disinfection that merit consideration during intervention
development. The incorporation of formative research meth-
ods allowed for important insights into the uptake of recom-
mended practices that leverage locally available resources.
However, the short duration of the TIPs (one initial visit plus
one follow-up visit) means that it cannot speak to the potential
for long-term adoption. This will need to be determined through
moreextensive trials in the future. Finally, our study’ssample size
was relatively small, and it is possible that a larger sample
would allow for the observation of statistically significant as-
sociations between bottle contamination and hygiene practices.
Ultimately, the high rates of bottle contamination revealed

by our study reinforce the importance of continuing to dedi-
cate ample health sector resources toward the promotion of
exclusive breastfeeding and regulations on the marketing
of breast milk substitutes.58,59 Meanwhile, as upward trends
of formula use in peri-urban settings continue to increase in-
fants’ exposure to risks associated with dirty bottles, there
maybe a need for opendiscussionof bottle hygienemeasures
that are feasible andacceptable to caregivers. Future research
should assess the effectiveness of promoting the use of a
brush and detergent by testing E. coli levels in bottles before
and after field implementation. In addition, further qualitative
research may inform the specific messaging and delivery
mechanisms for recommendations on bottle hygiene adapted
to the local context.

Received April 8, 2018. Accepted for publication January 4, 2019.

Published online March 4, 2019.

Acknowledgments:We gratefully acknowledge the study participants
of Villa El Salvador for their engagement and sharing of experiences
whichmade this research possible, andwe thankmembers of the field
team, including Nelly M. Briceño, Flor de Maria Pizarro, Mercedes
Margarita Escobar, Blanca I. Delgado, Cristel M. Lizarraga, Leyda
Murga, Erika M. Falcon, Cynthia Arriaga Diaz, Brigida Rosario Jimenez,
and Omar Cabrera for their assistance and feedback during data col-
lection, and Marco Varela, Giovanna Vivanco, Roxy K. Malasquez, and
Pilar K. Sanchez for their assistance with data entry and management.
We also acknowledge Francesca Schiaffino for her input on study de-
sign and methods and Maya P. Ochoa and Guillermo S. Rodrı́guez for
their assistance with laboratory work.

Financial support: The “Natural infection of norovirus and sapovirus in
a birth cohort in a Peruvian peri-urban community” is funded by the
National Institute of Allergy and Infectious Diseases. J. R. received
the Fulbright–Fogarty Fellowship in Public Health (co-sponsored by
the Fulbright Program and the Fogarty International Center at the
National Institutes of Health) and a Procter and Gamble Fellowship.

TABLE 5
Bottle hygiene practices and Escherichia coli contamination of bottles

Escherichia coli colonies not present
(N = 27), N (%)†

Escherichia coli colonies present
(N = 21), N (%)† P-value*

Use of detergent 0.230
No 15 (65.2) 8 (34.8)
Yes 12 (48.0) 13 (52.0)

Use of brush 0.651
No 20 (60.6) 13 (39.4)
Brush with only water 4 (44.4) 5 (55.6)
Brush with detergent 3 (50.0) 3 (50.0)

Boiling 0.082
Never 13 (46.4) 15 (53.6)
Less than daily basis 8 (88.9) 1 (11.1)
Daily basis 6 (54.6) 5 (45.4)
* Chi-squared or Fisher’s exact test.
† Parentheses are row percentages.
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en Informática, Salud, Medicina, y Agricultura (PRISMA), Lima, Perú,
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