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ABSTRACT  Objectives. To estimate antigen-specific and series-complete vaccination coverage among
children aged 13 to 59 months in Buenos Aires; to compare the results of a community-based
household survey with coverage rates obtained from administrative records; and to identify
risk factors for incomplete vaccination.

Methods. Census tracts in Buenos Aires were surveyed systematically in March and April,
2002. Three children aged 13 to 24 months and 25 to 59 months were surveyed per block in
each census tract. Written documentation of vaccination was required. Risk factors associated
with incomplete vaccination were identified with univariate analysis and multivariate logistic
regression.

Results. A total of 1391 children were surveyed. Antigen-specific coverage ranged from
69.4% (95% CI 66.7%—72%) for Haemophilus influenzae type b vaccination to 99% (95%
CI 98.4%-99.6%) for BCG vaccination. Except for measles, coverage estimates found in the
survey did not differ substantially from those obtained from city health authority records.
Multivariate logistic regression analysis showed child’s age (P < 0.001) and vaccination
provider (public or private) (P = 0.001) to be risk factors associated with incomplete vaccina-
tion. Not being the first child (P < 0.001) was associated with incomplete coverage under the
long-standing program. Living in the Northern zone of the city (P = 0.001), being uninsured
(P = 0.02), and lower educational level of the primary caregiver (P = 0.04) were risk factors
associated with incomplete coverage under the current vaccination program.

Conclusions. Although coverage rates for some vaccines were high, complete vaccination
coverage remains low among children aged 13 to 59 months in Buenos Aires. Increasing cov-
erage will require better access to vaccination, particularly in sections of the community with
risk factors.
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Childhood vaccination is one of the
major public health successes of the
past century (1). Vaccination can pro-
tect individuals and whole commu-
nities by interrupting disease trans-
mission (2, 3). Ideally, vaccination
programs should achieve the coverage
required to block the spread of dis-
eases. The success of a vaccination
program is measured by monitoring
the incidence of diseases and vaccina-
tion coverage on a regular basis.

Buenos Aires is the capital of Ar-
gentina, with a population of approxi-
mately 2.8 million (4). Vaccination in
this city is provided by both the pub-
lic and private sectors. In the public
sector, vaccination is implemented
mainly through 20 public hospitals
and 33 healthcare centers. In addition,
the city government purchases some
vaccines to be administered in 24 vac-
cination centers belonging to union
groups. Vaccinations may also be ob-
tained in private hospitals, pharmacies
or vaccination centers.

In Buenos Aires, vaccines are ad-
ministered according to the National
Immunization Schedule (NIS) (Table
1) (5). Vaccinations added to the sched-
ule more recently are Haemophilus in-
fluenzae type b (Hib) (in 1997), com-
bined measles-mumps-rubella (MMR)
(in 1998), and hepatitis B vaccine (in
November 2000). A second opportu-
nity for measles immunization is pro-
vided through follow-up campaigns
targeted to all children 14 years old,
in accordance with the Pan American
Health Organization recommenda-
tions (6). In Argentina, the most re-
cent follow-up campaign was in 2002.
Other vaccinations not included in the
NIS may also be received particularly
through the private sector, e.g., hep-
atitis A, pneumococcus, varicella or
meningococcus.

Vaccination coverage in Buenos
Aires is calculated by dividing the
number of doses administered by
the target population for each dose. Al-
though vaccination coverage estimated
by the Secretariat of Health of the city
of Buenos Aires is relatively high, out-
breaks of vaccine-preventable diseases
have occurred, as highlighted by the
epidemic of measles in 1997-1998 (7).
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TABLE 1. National Immunization Schedule for children aged less than 5 years, Argentina,

2002
Age

Vaccine Birth 2 months 4 months 6 months 12 months 18 months
BCG? 1st dose
Polio 1st dose 2nd dose 3rd dose Booster
DTPP 1st dose 2nd dose 3rd dose Booster
Hib°® 1st dose 2nd dose 3rd dose Booster
MMRd-e 1st dose
Hepatitis B 1st dose 2nd dose 3rd dose

@ Bacillus of Calmette-Guerin.

b Combined diphtheria, tetanus and pertussis.
¢ Haemophilus influenzae type b.

dCombined measles, mumps and rubella.

¢ A second opportunity for vaccination against measles is provided through follow-up campaigns conducted every 3-4 years

targeted to children aged 1-4 years.

Therefore, vaccination coverage lev-
els currently achieved among children
living in Buenos Aires may be lower
than thought, especially in recent years
when the economic crisis has aggra-
vated already poor socioeconomic con-
ditions. Because no independent esti-
mate of vaccination coverage has ever
been obtained in Buenos Aires, we de-
cided to conduct a population-based
vaccination coverage survey.

The objectives of this study were
to estimate the vaccination coverage
among children aged 13-59 months re-
siding in Buenos Aires for all recom-
mended vaccinations in the NIS using
survey methods, to compare the re-
sults with vaccination coverage rates
estimated by the city health authority,
and to identify risk factors associated
with incomplete vaccination coverage.

METHODS
Study design

Overall design. This population
interview-based survey used informa-
tion obtained in face-to-face inter-
views with the primary caregiver of
children aged 13-59 months residing
in Buenos Aires. The study was de-
signed to estimate vaccination cover-
age in two age groups (13-24 months
and 25-59 months). The survey was
conducted from 8 March to 20 April,
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2002, as part of the public health pro-
gram. A team of 17 professionally-
trained interviewers contacted the
households initially to enroll children
aged 13-24 months. If no child aged
13-24 months resided at the address,
they asked if a child aged 25-59
months resided there.

Survey instrument. The survey data
collection form included demographic
items about the child’s date of birth,
sex, country of birth, ethnicity, num-
ber and age of siblings, child care, and
kindergarten attendance. Other items
solicited information about the care-
giver (age, marital status, employment
and education), source of information
about vaccinations, the type of vacci-
nation provider used, and insurance
coverage. Respondents were also asked
about the reasons their child was not
vaccinated (if they thought the child
was not fully immunized). To assess
the child’s ethnicity, information on the
country of birth of his or her grand-
parents was obtained. Vaccination
providers were classified as public if
the respondent mentioned only public
hospitals or public healthcare centers
at which the child was vaccinated.
Otherwise they were classified as pri-
vate or mixed when a combination of
both private and public vaccination
centers was mentioned.

The script for the interview was de-
signed in collaboration with sociolo-
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gists to ensure that all questions were
understood. The survey instrument
was tested in the field before the sur-
vey was launched.

Population and sample selection

The sample size of subjects in each
age stratum was calculated for a preci-
sion of 4% in the estimate of vacci-
nated children, with a 95% confidence
level assuming a 50% coverage rate
(which yielded the lowest precision).

For health purposes, the city of
Buenos Aires is divided into 12 pro-
gram areas which are traditionally
grouped in three main zones of the
city (Northern, Central and Southern),
each zone comprising four program
areas. Independently from program
areas, the city is divided into 21 school
districts. Each school district is di-
vided into fractions which in turn are
subdivided into census tracts. There
are 1540 such tracts in the 21 school
districts. Each census tract contains ap-
proximately 300 dwellings and may
comprise one or more blocks (i.e., a
group of buildings delimited by sev-
eral streets). A cumulative community
list by census tract, ranked by the per-
centage of households with unmet
basic needs as an indicator of socioeco-
nomic status, was obtained from the
National Institute of Statistics and
Census (4). This list was used to select
a systematic random sample of census
tracts. The probability that a census
tract would be included was propor-
tional to its population (8). To calcu-
late the number of census tracts to be
selected and to ensure that all areas
and socioeconomic levels in the city
were represented, the number of inter-
views within each age group for each
selected census tract was set at three.
When census tracts comprised more
than one block, a number was as-
signed to each block. Subsequently,
blocks in the selected census tracts
were chosen randomly from maps
using a random number.

The survey was conducted from a
starting point on the northeast corner
of each selected census block that was
to be visited to identify eligible chil-
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dren. Interviewers proceeded counter-
clockwise around the first block, and
if necessary, around the next nearest
block and subsequent blocks to the
north, until the specified number of el-
igible children was reached. If two or
more children within the required age
group were found, the child whose
birthday was closest to the date of the
interview was selected. Children were
eligible if their parent or guardian was
able to provide a vaccination card with
the dates of vaccination. Whenever a
child was found and his or her data
collected, the interviewers were in-
structed to skip the next two dwellings
to look for the next eligible child, to
avoid clustering. When an eligible
child was found, the interviewer asked
to speak to the primary caregiver on
the assumption that this person was
mainly responsible for the child’s vac-
cinations. If the primary caregiver was
not available, the interviewers revis-
ited the household later, or if this was
not possible they interviewed another
adult in the household if this person
was able to provide the vaccination
card.

Households from 215 selected cen-
sus tracts were visited, and data from
vaccination cards for 1391 children
were used to calculate vaccination
coverage. Complete information for all
other covariates was available for 1 189
children (85.5%), and this was the sam-
ple used for the analysis of risk factors.

Data collection

Vaccination coverage. The vaccine
doses and dates of vaccination were ab-
stracted from the vaccination card or
any other written proof of vaccination.

Antigen-specific coverage was de-
fined as the percentage of children in
the sample who had received the rec-
ommended number of doses accord-
ing to their age at the time of the sur-
vey. After the last measles outbreak in
1997 (7) until July 2000, an additional
dose of measles vaccine was recom-
mended at 6 months of age in Ar-
gentina. However, this dose was not
considered fully protective and a sec-
ond dose of measles vaccine was rec-

ommended at 12 months of age. For
this reason, measles vaccination was
considered valid only if any measles-
containing vaccine had been adminis-
tered when the child was 11 months of
age or older.

Series-complete vaccination cover-
age was defined as the percentage of
children in the sample who had re-
ceived all recommended doses by the
recommended ages at the time of the
study. Complete vaccination for chil-
dren aged 13-18 months was defined
as receipt of the following vaccines:
at least 1 BCG, 3 polio, 3 DIP, 3 Hib
and 1 MMR. Because hepatitis B was
added to the NIS in November 2000,
only children born after that date were
assumed eligible to receive 3 or more
doses of hepatitis B vaccine for the
purpose of this analysis. Complete
coverage for those aged 19-59 months
consisted of at least 1 BCG, 1 MMR, 4
polio, 4 DTP and 4 Hib doses. Data
were reported for five age groups
(13-18, 19-24, 25-35, 3647 and 48-59
months) to better reflect age-specific
coverage and cohort effects (9).

Risk factors for incomplete vaccina-
tion. We investigated factors associ-
ated with incomplete vaccination
under two schedules. One was based
on the vaccines which had been in the
NIS for a long time (i.e., BCG, polio,
DTP and measles); this schedule is re-
ferred to here as the long-standing
program. The other comprised both
vaccines in the long-standing program
and those added more recently (i.e.,
BCG, polio, DTP, Hib, MMR and he-
patitis B), and is termed here the cur-
rent vaccination program.

Data from administrative sources.
Vaccination coverage measured with
the survey was compared with cover-
age estimated from government statis-
tics (i.e., the administrative method).
To estimate vaccination coverage, the
government agency (Secretariat of
Health, city of Buenos Aires) divides
the number of doses administered by
the target population for each dose.
Official coverage rates obtained from
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the Secretariat of Health of Buenos
Aires city for the year 2002 were used
to compare BCG, polio, DTP, measles
and hepatitis coverage with results of
our survey.

Statistical analysis

Information from data collection
forms was entered into an Epi-Info
database. Paper forms were reviewed to
validate and correct inconsistencies.
Survey results were analyzed using Epi-
Info Version 6 and the SAS statistical
package (10, 11). In order to more ac-
curately describe citywide vaccina-
tion coverage in children aged 13-59
months, data collected from both age

groups were weighted for the popu-
lation of children in each of the two age
strata. Citywide coverage was weighted
for the population of children under 5
years of age in each age stratum. McNe-
mar’s test was used to compare cover-
age rates for different vaccines.

Associations between incomplete
vaccination and potential predictor
variables were sought with the chi-
squared or Fisher’s two-tailed exact
test. For ordinal predictors, chi-squared
tests of linear trend were performed.
Risk factors identified as significant
(P < 0.05) for both schedules by uni-
variate analysis were then tested in a
multivariate logistic regression model
to assess their effects after adjusting
for the other covariates.

Original research

RESULTS
Immunization coverage

Citywide coverage. Children inclu-
ded in the analysis were distributed
equally across all three zones of the
city. Slightly more than half (55.6%)
were boys, 40.9% of the caregivers re-
ported no health insurance, and 61.5%
of the children had received vaccina-
tions through the public health care
system only (Table 2). Of the families
that used private vaccination services
only, 34.8% lived in the Northern,
27.2% in the Central and 14.6% in the
Southern zone of the city.

Among children aged 13-59 months,
citywide antigen-specific vaccination

TABLE 2. Characteristics of the sample of children (n = 1 391) participating in the vaccination coverage survey, Buenos Aires 2002

Characteristic n % Characteristic n %
Age (months) Vaccination provider
13-18 337 242 Public 855 61.5
19-24 289 20.8 Private 303 21.8
25-35 305 21.9 Both public and private 187 13.4
36-47 273 19.6 Unknown 46 3.3
48-59 187 134 .
Health insurance
Sex No health insurance 569 40.9
Male 773 55.6 Union insurance 549 39.5
Female 618 444 Private prepaid medicine 214 15.4
e . Unknown 59 4.2
one of residence
Northern 436 31.3 Age (years) of the primary caregiver
Central 474 34.1 5 249 17.9
Southern 481 34.6 26-35 638 45.9
Child's country of birth o o 3 29
Argentina 1334 95.9 '
Other countries 11 0.8 Education of the primary caregiver
Unknown 46 3.3 No education /Incomplete primary 33 24
Ethnicity Primary complete 453 32.6
2 dparents born in Argentina 1140 82.0 Secondary complete 484 348
grandp In Arg ' Tertiary/University complete 267 19.2
3 grandparents born in any other Unknown 154 111
Latin American country 164 11.8 '
Other 38 2.7 Employment of the primary caregiver
Unknown 49 3.5 Unemployed 766 55.1
Position in the family < 40 hours/week 255 18.3
. 40 hours/ week 217 15.6
1st child 607 43.6 Unknown 153 11.0
2nd child 383 27.5 '
3rd child or later 318 22.9 Type of family
Unknown 83 6.0 Two-parent family 1085 78.0
Day care attendance S:g}iﬁﬁrem family 122 1?2
No attendance 727 52.3 '
Public 336 24.2
Private 274 19.7
Unknown 54 3.9
Rev Panam Salud Publica/Pan Am | Public Health 16(3), 2004 161
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TABLE 3. Vaccination coverage by age group, Buenos Aires, 2002

Vaccination coverage (%)

13-18m (95% CI) 19-24 m (95% Cl) 25-35m (95% Cl) 36-47 m (95% Cl) 48-59 m (95% Cl) Citywide? (95% Cl)

Antigen-specific coverage

BCG to 69.4 % for Hib (Table 3). Al-
though citywide hepatitis B coverage
was only 31.8%, coverage among chil-
dren born after the vaccine was added
to the NIS (November 2000) was 70.4%
(95% CI 64.5%-76.3%). For those vac-
cines requiring a booster at 18 months
(i.e., polio, DTP, and Hib), vaccination
coverage decreased for the 19-to-
24-month age group. In children older
than 24 months, coverage rates for
vaccines in the long-standing pro-
gram, such as polio or DTP, increased
steadily with the age of the child.
However, they decreased for those
vaccines added more recently to the
schedule. Mumps coverage was lower
than rubella coverage in the 13-to-18-
month age group (McNemar’s test,
P < 0.001). Citywide vaccination cov-
erage for other vaccines not included
in the NIS was .8% (95% CI 14.6%—
18.9%) for varicella (> 1 dose) and 3.5%
(95% CI 1.9%-5.8%) for meningo-
coccus B + C (> 2 doses). Pneumococ-
cal vaccine coverage (= 3 doses) for
children aged 13-18 months was 1.8%
(95% C1 0.3%-3.2%).
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complete vaccination coverage showed
a different pattern for the long-
standing program than for the current
program. Although coverage in both
programs was lower for the 19-to-24-
month age group than for the 13-to-18-
month age group, it increased steadily
in the older age group under the long-
standing program (trend test, P = 0.02).
However, it decreased for children 36
months old or older under the current
program.

Administrative data versus current
survey data. Among children aged
13-18 months, the coverage estimates
for the first dose of BCG, and the third
dose of polio, DTP and Hib did not
differ substantially between the sur-
vey results and the information based
on city health authority estimates of
the number of doses administered.
Among children aged 19-24 months,
the survey showed that 91.3% had
received at least one dose of measles
vaccine, compared with the reported
coverage of 116% according to govern-
ment statistics (Figure 1).

BCGP 99.7 (99.1, 100) 99.3 (98.3,100) 98.7 (97.4,99.9) 985 (97.1,99.9) 99.5 (98.4, 100) 99.0 (98.4,99.6)
Polio® 914 (88.4,944) 706 (65.3,75.9) 820 (77.6,86.3) 86.8 (82.8,90.9) 88.8 (84.2,93.3) 844 (824,86.5)
DPT® 95.0 (92.6,97.3) 71.6 (66.4,76.9) 83.3 (79.1,87.5) 846 (80.3,889) 89.8 (855,94.2) 851 (83.0,87.0)
Hib® 88.1 (84.7,91.6) 66.1 (60.6,71.6) 741 (69.2,79.0)0 63.0 (57.2,68.8) 58.8 (51.7,65.9) 69.4 (66.0,7-72)
Measles? 81.9 (77.8,86.00 91.3 (88.1,94.6) 93.1 (90.3,95.9) 952 (92.7,97.8) 94.1 (90.7,97.5) 92.1 (90.7,93.5)
Rubella® 76.9 (72.3,81.3) 87.9 (84.1,91.7) 86.2 (82.3,90.1) 76.5 (71.5,81.6) 66.3 (59.5,73.2) 78.9 (76.6,81.3)
Mumps® 56.1 (50.8,61.4) 855 (81.4,89.6) 852 (81.2,89.2) 755 (70.3,80,6) 64.7 (57.8,71.6) 749 (725,77.3)
Hepatitis B 59.3 (54.1,64.6) 27.0 (21.9,321) 26,5 (21.6,31.5) 256 (20.4,30.9) 31.6 (24.8,38.3) 31.8 (29.2,34.3)
Series-complete coverage
Long-standing program 76.0 (71.4,80.5) 65.1 (59.5,70.6) 754 (70.5,80.3) 784 (73.5,83.3) 80.7 (75.0,86.5) 76 (73.7,8.4)
(BCG, polio, DTP, measles)
Current program 421 (36.8,47.4) 557 (49.9,61.5) 63.9 (585,69.4) 46.9 (40.9,52.8) 40.1 (33.0,47.2) 51.1 (48.3,54.0)
(BCG, polio, DTP, Hib,
MMR, Hep. BY)
Current program without
mumps 585 (53.2,63.7) 56.7 (51.0,62.5) 63.9 (58.5,69.4) 47.3 (41.3,532) 412 (34.1,48.3) 53.8 (50.9,56.6)
(BCG, polio, DTP, Hib,
MR, Hep.Bd)
@ Weighted average among children 13-59 months old citywide.
® 1 dose all age groups.
¢ 3 doses 13-18 months and 4 doses 19-59 months.
43 doses of hepatitis B in children born after 1 November 2000.
coverage rates ranged from 99.0 % for ~ Series-complete coverage. Series- Risk factors for incomplete

vaccination

According to the univariate analy-
sis, the child’s age, not being a first-
born child, not attending day care, use
of public vaccination providers only,
being uninsured, and low educational
level of the caregiver were factors
significantly associated with incom-
plete vaccination under both the long-
standing and the current program
(Table 4). Children residing in the
Northern zone of the city were also
less likely to be fully vaccinated under
the current program, and not having
a two-parent family was a risk factor
associated with incomplete vaccina-
tion under the long-standing program.

In addition, we observed a direct re-
lationship between vaccination cover-
age and education of the caregiver for
the long-standing program (trend test,
P =0.006) and for the current program
(trend test, P < 0.001).

To determine independent risk fac-
tors for incomplete vaccination, a lo-
gistic regression model was tested
with all the variables that were signifi-

Rev Panam Salud Publica/Pan Am | Public Health 16(3), 2004
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FIGURE 1. Comparison of vaccination coverage rates calculated from health administration
figures and observed in a coverage survey. Buenos Aires, 2002
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BCG, bacillus of Galmette-Guerin; DTP, combined diphtheria-tetanus-pertussis; Hep. B, hepatitis B.

2 Coverage survey, children aged 13-18 months.
b Coverage survey, children aged 19-24 months.

cant for coverage in the long-standing
and the current program. In addition,
the zone of the city was included be-
cause this variable was thought to be
important for vaccination program
managers. Because day care atten-
dance was not significant in this
model, it was excluded and a second
model was tested with the variables
age, zone of residence, position in the
family, vaccination provider, health
insurance, and education of the care-
giver. Table 5 shows the adjusted odds
ratios estimated from this final logistic
regression model for both the long-
standing and current programs. After
adjustment for all the other variables
included in the model, children us-
ing only one type of provider were
more likely to be unvaccinated com-
pared to children vaccinated by both
public and private healthcare pro-
viders under both the long-standing
(P <0.009) and current programs (P =
0.01). Not being the firstborn child was
also a risk factor for incomplete vacci-
nation under the long-standing pro-
gram (P < 0.001). Living in the North-
ern zone of the city (P = 0.001) and not
having health insurance (P = 0.02) and
lower educational level of the primary
caregiver (P = 0.04) were also risk fac-

tors associated with incomplete vacci-
nation under the current program.

The three most frequently reported
reasons for undervaccination among
the 172 respondents who stated that
their child was not fully immunized
were shortage of money (23.8%), un-
availability of the vaccine at the center
where the child was usually vacci-
nated (13.4%), and illness of the child
(11.6%).

DISCUSSION
Vaccination coverage

This is the first survey conducted in
Buenos Aires among children aged 13-
59 months old that provides commu-
nity-based information on both vacci-
nation coverage and age-appropriate
immunization status. In this popula-
tion, citywide vaccination coverage for
individual vaccines was 99% for BCG,
85% for DTP, 84% for polio and 92%
for measles. For the more recently in-
troduced vaccines, lower coverage
rates were found (69% for Hib, 79% for
rubella, 75% for mumps and 70% for
hepatitis B). However, series-complete
vaccination coverage remains low
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(51%) among children aged 13-59
months in Buenos Aires.

The higher coverage rates observed
for measles vaccine compared with
other vaccines administered during
the first year of life, such as DTP or
polio, may reflect the effect of the
follow-up measles vaccination cam-
paigns. The increase in coverage
among younger cohorts for the vac-
cines added most recently to the NIS
shows that the program has made
progress in achieving its goals in re-
cent years. The decrease in vaccination
coverage among children aged 19-24
months for vaccines requiring a
booster dose at 18 months (i.e., polio,
DTP and Hib) shows that many chil-
dren receive the booster dose after 24
months of age. This phenomenon ac-
counts for the lowest series-complete
coverage in this age group under the
long-standing program. Under the
current program, the lower coverage
rates observed in the 13-to-18-month
age group reflects the shortage of
mumps vaccine in the public health-
care system in 2001 and 2002. Addi-
tionally, lower rates detected in the
48-to-59-month age group reflect the
limited success of the program for re-
cently introduced vaccines.

Factors associated with incomplete
coverage

Our study also provides informa-
tion about undervaccinated subgroups
in the city of Buenos Aires. In con-
sonance with our findings, low socio-
economic conditions have commonly
been associated with lower routine
vaccine coverage (12-16). Different
coverage rates among children attend-
ing public versus private vaccination
centers have been reported in other
studies (17, 18). In our study, coverage
was higher in children served by pri-
vate facilities than in those served by
public or other facilities, and cover-
age was highest in children served by
both public and private facilities.
These findings are consistent with
those found in the National Immu-
nization Survey of children aged 19-35
months in the USA in 1999 (13). Chil-
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TABLE 4. Risk factors for incomplete vaccination with recommended vaccines for the long-
standing program (BCG, polio, DTP, measles) and the current program (BCG, polio, DTP,

Dayan et al. ® Vaccination coverage among children in Buenos Aires, Argentina

Hib, MMR and hepatitis B) based on univariate analysis, Buenos Aires, 2002

Long-established program

Current program?@

Unvaccinated _Unvaccinated
Factor n % P value n % P value
Age (months)
13-18 81 24.0 <0.001 195 57.9 <0.001
19-24 101 34.9 128 44.3
25-35 75 24.6 110 36.1
36-47 59 21.6 145 53.1
48-59 36 19.3 112 59.9
Sex
Male 205 26.5 0.2 377 48.8 0.5
Female 147 23.8 313 50.7
Zone of residence
Northern 123 28.2 0.1 238 54.6 0.04
Central 121 255 222 46.8
Southern 108 225 230 47.8
Child’s country of birth
Argentina 335 30.8 0.6 660 495 0.4
Other countries 4 251 8 61.5
Ethnicity
2 grandparents born in Argentina 562 49.3 0.8 283 24.8 0.6
3 grandparents born in any other
Latin American country 83 50.3 43 26.1
Other 21 55.3 12 31.6
Position in the family
1st child 120 19.8 <0.001 278 45.8 0.04
2nd child 108 28.2 197 51.4
3rd child or later 102 32.0 172 53.9
Day care attendance
No attendance 210 28.9 0.001 368 50.6 <0.001
Public 63 23.1 188 56.0
Private 63 23.0 109 39.6
Vaccination provider
Public 238 27.8 <0.001 464 54.2 <0.001
Private 75 24.8 135 44.6
Both public and private 26 13.9 69 36.9
Health insurance
None 172 30.2 0.001 328 57.6 <0.001
Union-provided medicine 115 20.9 246 44.7
Private prepaid medicine 50 234 87 40.7
Age (years) of the primary caregiver
25 69 27.7 0.4 136 54.6 0.1
26-35 159 24.9 315 49.4
36 83 22.9 166 457
Education of the primary caregiver
No education /Incomplete primary 11 33.3 0.03 21 63.6 <0.001
Primary complete 132 291 256 56.4
Secondary complete 106 21.9 227 46.9
University complete 58 21.7 109 40.8
Employment of the primary caregiver
Not working 189 247 0.9 390 50.9 0.3
< 40 hours/week 62 24.2 117 45.7
40 hours/ week 57 26.3 106 48.9
Type of family
Two-parent family 258 23.8 0.02 528 48.6 0.08
Single-parent family 46 324 80 56.3

a 3 doses of hepatitis B in children born after 1 November 2000.
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dren attending day care were more
likely to be vaccinated in our study,
probably because the vaccination card
is checked at some day care facilities.

Other risk factors in our study, such
as not being the firstborn child and
lower educational level of the care-
giver, were also found to be associated
with incomplete immunization in a
study by Bobo et al. (19). These same
factors were associated with under-
vaccination among children by the age
of 6 months in New Zealand (20). Al-
though unemployment of the care-
giver was found to be a risk factor as-
sociated with undervaccination in a
similar study conducted in Italy (21), it
was not associated with undervaccina-
tion in our study or in a study in Flan-
ders, Belgium (22). In Buenos Aires,
this may be related to the increasing
unemployment levels due to the eco-
nomic crisis in recent years. In contrast
to other studies (14, 15, 23), our analy-
sis did not show that young age of the
caregiver was associated with incom-
plete vaccination. Single-parent fami-
lies were more likely to have unvacci-
nated children, as shown in other
studies (24, 25). Although ethnicity has
been associated with undervaccination
(13-16), we did not find a significant
difference in ethnicity between vac-
cinated and unvaccinated children in
Buenos Aires.

One unexpected finding was that
when other socioeconomic variables
were controlled for, children living in
the Northern zone of the city, where the
socioeconomic level of the population
is higher, were less likely to be vacci-
nated. This may be related to the rela-
tive lack of public sector interventions
promoting vaccination in this zone.

Approaches to assessing vaccination
coverage

Different methods for the assess-
ment of vaccine coverage have been
proposed depending on specific situa-
tions (26-29). The World Health Orga-
nization (WHO) method of sampling
30 clusters of 7 children each (30) is
difficult to use in big cities, and the
confidence limits of the estimated cov-
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TABLE 5. Odds ratio estimates for incomplete vaccination with recommended vaccines for
the long-standing program (BCG, polio, DTP, measles) and the current program (BCG, polio,

DTP, Hib, MMR and hepatitis B) based on a logistic regression model, Buenos Aires, 2000

Long-established program

Current program@

Odds ratio  Confidence limits

Age (months)? (P<0.001)
13-18 1.06
19-24 2.00
25-35 1.07
36-47 0.87
48-59 1.00

Zone of residence® (P=0.05)
Northern 1.53
Central 1.39
Southern 1.00

Position in the family? (P<0.001)
2nd child 1.58
3rd child or later 1.87
1st child 1.00

Vaccination provider® (P =0.009)
Public 1.98
Private 2.26
Both private and public 1.00

Health insurance® (P=0.07)
None 1.22
Union-provided medicine 0.84
Private prepaid medicine 1.00

Education of the primary caregiver (P = 0.15)
No education /Primary incomplete 1.64
Primary complete 1.43
Secondary complete 1.02
University complete 1.00

95% Wald 95% Wald
Odds ratio  Confidence limits
(P<0.001)

(0.65, 1.72) 0.95 (0.63, 1.43)

(1.25, 3.21) 0.51 (0.34, 0.78)

(0.66, 1.74) 0.34 (0.23; 0.53)

(0.52, 1.45) 0.74 (0.49, 1.14)

Referent 1.00 Referent

(P=0.001)

(1.07, 2.17) 1.77 (1.29, 2.42)
(0.99, 1.96) 1.18 (0.88, 1.58)
Referent 1.00 Referent
(P =0.06)

(1.14, 2.19) 1.33 (1.00, 1.76)
(1.33, 2.63) 1.34 (0.99, 1.82)
Referent 1.00 Referent
(P=0.01)

(1.20, 3.27) 1.76 (1.20, 2.59)
(1.30, 3.92) 1.74 (1.13,2.68)
Referent 1.00 Referent
(P=0.02)

(0.73, 2.05) 1.72 (1.10, 2.69)
(053, 1.33) 1.20 (0.81, 1.78)
Referent 1.00 Referent
(P=0.04)

(0.70, 3.83) 2.04 (0.89, 4.68)
(0.93, 2.19) 1.55 (1.08, 2.24)
(0.69, 1.53) 1.14 (0.81, 1.59)
Referent 1.00 Referent

a 3 doses of hepatitis B in children born after 1 November 2000.

b P-values in parentheses correspond to the chi-squared test for the factor.

erage (+10%) may be too wide to guide
program activities (31). Random digi-
tal dialing (26, 32) is difficult to use in
settings such as Buenos Aires because
approximately 15% of people do not
have a home telephone (33), and some
people may be unwilling to participate
in a coverage survey over the tele-
phone. Vaccination coverage is fre-
quently estimated from the number of
doses administered (34). However,
there are concerns about the accuracy
of this approach (35). This method
may not be accurate because of diffi-
culties in calculating the denominator
(influenced by population migration,
for example) and the numerator (in-
fluenced by inclusion of doses given
to older children, for example). Our
study was nonetheless useful in vali-

dating the administrative coverage re-
ported by the Secretariat of Health.
The difference observed for measles
vaccination is due to the fact that dur-
ing 2002, many children received an
additional dose of MMR vaccine to re-
ceive the mumps component because
of the previous vaccine shortage. There-
fore, the number of measles doses dis-
tributed increased while the target
population remained stable, increas-
ing the rate vaccination coverage as
calculated from the health administra-
tion’s figures.

Limitations

The results of our study are subject to
some limitations. First, only children’s
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vaccination cards were used to deter-
mine whether a child had been vacci-
nated. Having a vaccination card may
be associated with a greater likelihood
of being vaccinated (17, 36). However,
counting only vaccine doses that were
documented on a vaccination card
(held by approximately 90% of children
in Buenos Aires) seems to be the most
accurate way to identify children in
need of vaccination (37). In fact, paren-
tal recall of their child’s vaccination his-
tory has been shown to be unreliable in
many studies (36-38). Second, invalid-
ity of doses because of errors in sched-
uling (e.g., vaccination before the mini-
mum age for the dose or before the
minimum interval to the next dose) was
not considered in our analysis, except
for measles vaccinations. However, this
procedure is habitual in many coverage
surveys (16, 22, 23).

Future perspectives for improving
coverage

Continuous monitoring and adjust-
ment of the vaccination program are
required to accomplish the WHO ob-
jectives to eradicate poliomyelitis and
eliminate diseases such as diphtheria,
neonatal tetanus and measles (39). To
reach these goals, minimum coverage
levels for a community need to be met
(2, 3). In Buenos Aires the thresholds
for polio (80%-86%) and diphtheria
(80%—85%) have been met. However,
the targeted coverage rates for measles
or pertussis (95%), mumps (90%) and
rubella (85%) remain above the rates
found in our study. Measuring cover-
age levels in the community is an im-
portant strategy for improving vacci-
nation coverage rates (40). Sustained
efforts by government, physicians and
parents are needed to increase these
coverage levels, especially for recently
introduced vaccines such as Hib,
mumps, rubella and hepatitis B. Phy-
sicians can encourage higher vaccina-
tion rates by following the standards
for childhood vaccination and educa-
ting caregivers about them. The gov-
ernment should provide the resources
(e.g., personnel and training) to ensure
the implementation of programs aimed
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at making quality vaccination services
more accessible in underserved sec-
tions of the community.

In conclusion, the results of this vac-
cination coverage survey provide
baseline data and information on pos-
sible determinants of vaccination lev-
els. This information can be used to
develop intervention programs and
evaluation activities. Further analyses
that examine the ages when vaccines
are administered would be useful to
document age-appropriate vaccina-
tion coverage and vaccination delays.

1. Ehreth J. The global value of vaccination. Vac-
cine. 2003;21:596-600.

2. Anderson RM. The concept of herd immunity
and the design of community-based immu-
nization programmes. Vaccine. 1992;10: 928-35.

3. Anderson RM, May RM. Immunization and
herd immunity. Lancet. 1990;335:641-5.

4. Argentina, Instituto Nacional de Estadisticas
y Censos. Censo 2001. Available from: http://
www.indec.mecon.gov.ar/censo2001s2/Datos/
02000c21.xIs. Accessed 10 April 2003.

5. Argentina, Ministerio de Salud Reptiblica Ar-
gentina 2003. Available from: http://www.
msal.gov.ar/htm/site/vacuna._cal2.asp. Ac-
cessed 5 June 2004.

6. de Quadros CA, Olive JM, Hersh BS, Strass-
burg MA, Henderson DA, Brandling-Bennett
D, et al. Measles elimination in the Americas—
evolving strategies. JAMA. 1996;275:224-9.

7. Pan American Health Organization. Alert:
Measles outbreak in Argentina and Bolivia.
Pan Am Health Organ Weekly Bull 1998;4:32.

8. Cochran WG. Sampling techniques. 3rd ed.
New York: Wiley, 1977.

9. Becker NG, Bahrampour A. Preventing epi-
demics with age-specific vaccination sched-
ules. Math Biosci. 1997;142(2):63-77.

10. Dean AG, Dean JA, Coulombier D, Brendel
KA, Smith DC, Burton AH et al. Epi-Info
Version 6: a word processing, database, and
statistics program for public health on IBM-
compatible microcomputers. Centers for Dis-
ease Control and Prevention, Atlanta, Geor-
gia, US.A., 1996.

11. SAS Version 6.08 [computer program]. Cary,
NC: SAS Institute Inc.; 1993.

12. Williams IT, Milton JD, Farrell JB, Graham
NM. Interaction of socioeconomic status and
provider practices as predictors of immuniza-
tion coverage in Virginia children. Pediatrics.
1995,96:439—-46.

13. Luman ET, Barker LE, Simpson DM, Rode-
wald LE, Szilagy PG, Zhao Z. National, State,
and urban-area vaccination-coverage levels
among children aged 19-35 months, United
States, 1999. Am ] Prev Med. 2001; 20(45):88-95.

166

Dayan et al. ® Vaccination coverage among children in Buenos Aires, Argentina

Acknowledgments. This study was
funded by the VIGI+A program, Min-
istry of Health, Argentina. We would
like to thank Dr. Zulma Ortiz and Dr.
Hugo Fernandez (VIGI+A program)
for their invaluable support in this
study. We also want to thank Ana
Maria Mussa and Susana Ferrea for
their extensive logistic support and
Prof. Luis R. Acosta for his help with
the sample design. Essential contribu-
tions in carrying out the survey field
work were made by Liliana Turcoff,
Viviana Carotenuto, Analia Coritori,

REFERENCES

14. Cutts F, Orenstein W, Bernier R. Causes of
low preschool immunization coverage in the
United States. Annu Rev Public Health. 1992;
13:385-98.

15. Wood D, Donald-Sherbourne C, Halfon N,
Tucker MB, Ortiz V, Hamlin JS et al. Factors
related to immunization status among inner-
city Latino and African-American preschool-
ers. Pediatrics. 1995; 96: 295-301.

16. Kenyon TA, Matuck MA, Stroh G. Persistent
low immunization coverage among inner-city
preschool children despite access to free vac-
cine. Pediatrics. 1998;101:612-6.

17. Simpson DM, Suarez L, Smith DR. Immuniza-
tion rates among young children in the public
and private health care sectors. Am ] Prev
Med. 1997;13:84-8.

18. Shaheen MA, Frerichs RR, Alexopoulos N,
Rainey JJ. Immunization coverage among pre-
dominantly Hispanic children, aged 2-3 years,
in central Los Angeles. Ann Epidemiol. 2000;
10:160-8.

19. Bobo JK, Gale JL, Purushottam BT, Wassilak
SGF. Risk factors for delayed immunization
in a random sample of 1163 children from
Oregon and Washington. Pediatrics. 1993;91:
308-14.

20. Essex C, Counsell AM, Geddis DC. Immu-
nization status and demographic characteris-
tics of New Zealand infants in the first 6
months of life. ] Paediatr Child Health. 1993;
29:379-83.

21. Salmaso S, Rota MC, Ciofi Degli Atti ML,
Tozzi AE, Kreidl P. Infant immunization cov-
erage in Italy: estimates by simultaneous EPI
cluster surveys of regions. Bull World Health
Organ. 1999;77:843-51.

22. Vellinga A, Depoorter AM, Van Damme P.
Vaccination coverage estimates by EPI cluster
sampling survey of children (18-24 months)
in Flanders, Belgium. Acta Paediatr. 2002;91:
599-603.

23. Herceg A, Daley C, Schubert P, Hall R, Long-
bottom H. A population-based survey of
immunization coverage in two-year-old chil-
dren. Aust ] Public Health. 1995;19:465-70.

Maria Cristina Barreras, Hilda Conti,
Laura Dratewka, Alicia Schilman,
Mabel Martinez, Maria Tapia, Mar-
garita Schostik, Dora Spagliarisi,
Lidia Chairello, Sandra Palomares,
Guido Araya, Matias Pérez, Maria
Valeria Zabala and Alejandra Mar-
tinez. We also thank Silvana Carrillo
and Gustavo Cantero for their help in
entering the data, and Drew Baugh-
man, at the Centers for Disease Con-
trol and Prevention, for his helpful
suggestions.

24. Duclos P. Vaccination coverage of 2-year-
old children and immunization practices—
Canada, 1994. Vaccine. 1997;15:20-4.

25. Skinner J, March L, Simpson JM. A retrospec-
tive cohort study of childhood immunization
status in the Northern Sydney area. Aust ]
Public Health. 1995;19:58-68.

26. Smith PJ, Battaglia MP, Huggins V], Hoaglin
DC, Roden A, Khare M et al. Overview of the
sampling design and statistical methods used
in the National Immunization Survey. Am ]
Prev Med. 2001;20(4S):17-24.

27. Jestin, C. Evolution de la couverture vaccinale
pour la rougeole de 1983 a 1988 a partir de
I'exploitation des certificates de santé du 24e
mois. Bull Epidemiol Hebd. 1989;44:181-3.

28. Begg NT, Gill ON, White ]M. COVER (Cover
of vaccination evaluated rapidly): Description
of the England and Wales Scheme. Public
Health. 1989;103:81-9.

29. Health and Welfare Canada. Guidelines for
assessment of vaccine coverage in children.
Canada Communicable Disease Report 1993;
19(21):180-2.

30. Henderson RH, Sundaresan T. Cluster sampling
to assess immunization coverage: a review of
experience with a simplified sampling method.
Bull World Health Organ. 1982;60: 253-60.

31. Lemeshow S, Robinson D. Surveys to mea-
sure programme coverage and impact: a re-
view of the methodology used by the Ex-
panded Programme on Immnunization.
World Health Stat Q. 1985;38:65-75.

32. A Zell ER, Ezzati-Rice TM, Battaglia MP,
Wright RA. National Immunization Survey:
the methodology of a vaccination surveillance
system. Public Health Rep 2000;115:65-77.

33. Argentina, Instituto Nacional de Estadisticas
y Censos. Censo 2001. Available from: http://
www.indec.mecon.gov.ar/webcenso/
provincias/ciudad/viv_equipa.asp. Accessed
10 April 2003.

34. Cutts FT, Olivé ]M. Vaccination programs in
developing countries. In: Plotkin SA, Oren-
stein WA, eds. Vaccines. Philadelphia: WB
Saunders; 1999. Pp.1047-73.

Rev Panam Salud Publica/Pan Am | Public Health 16(3), 2004



Dayan et al. ® Vaccination coverage among children in Buenos Aires, Argentina

Original research

35. Borgdorff MW, Walker GJ. Estimating vacci- ~ 38. Valadez JJ, Weld LH. Maternal error of child ~ 40. Ad Hoc Working Group for the Development
nation coverage: routine information or sam- vaccination status in developing nation. Am J of Standards for Pediatric Immunization Prac-
ple survey? ] Trop Med Hyg. 1998;91:35-42. Public Health. 1992; 82:120-2. tices. Standards for pediatric immunization

36. Bolton P, Holt E, Ross A, Hughart N, Guyer B. 39. World Health Organization. Immunization in practices. JAMA. 1993;269:1817-22.
Estimating vaccination coverage using pa- practice Modules 1.Geneva, World Health Or-
rental recall, vaccination cards, and medical ganization. Available from: http://www.
records. Public Health Rep. 1998;113:521-6. who.int/vaccines-diseases/epitraining/Site

37. Zell E, Peak R, Rodewald L, Ezzati-Rice T. Vac- New /IIP/manu755-1.doc. Accessed 5 June Manuscript received 19 December 2003 . Revised version
cine coverage. Public Health Rep. 1999; 114:3—4. 2004. accepted for publication on 21 June 2004 .

RESUMEN  Objetivos. Calcular la cobertura con el régimen de vacunacién completo y con va-

La cobertura de la vacunacion

en ninos de 13 a 59 meses
de edad en Buenos Aires,
Argentina, en 2002

cunas contra antigenos particulares en nifios de 13 a 59 meses de edad en Buenos
Aires; comparar los resultados de una encuesta comunitaria a domicilio con los por-
centajes de cobertura indicados en los registros publicos; e identificar los factores que
ponen a los nifios en riesgo de no recibir todas las dosis de vacunas recomendadas
bajo el régimen oficial.

Meétodos. Se encuestaron sistematicamente los corredores censales en Buenos Aires en
marzo y abril de 2002. En cada cuadra de cada corredor censal se encuesto a tres nifios
entre las edades de 13 a 24 meses y de 25 a 29 meses. Se solicitaba ver una constancia de
vacunacién escrita. Se identificaron factores de riesgo asociados con la falta de vacuna-
cién completa mediante un analisis unifactorial y regresion logistica multifactorial.
Resultados. Se encuestd a un total de 1 391 nifios. La cobertura con vacunas contra
antigenos particulares vari6é de 69,4% (1C95%: 66,7%-72%) en el caso de la vacuna
contra Haemophilus influenzae tipo B a 99% (IC95%: 98,4%-99,6%) en el caso de la va-
cuna BCG. Exceptuando la vacuna contra el sarampion, las coberturas estimadas me-
diante la encuesta practicamente no difirieron de las obtenidas de los registros sani-
tarios publicos. El andlisis de regresion logistica multifactorial revel6 que la edad del
nifio (P < 0,001) y el proveedor de la vacuna (ptblico o privado) (P = 0,001) eran fac-
tores de riesgo asociados con la vacunaciéon incompleta. No ser el primer hijo (P <
0,001) se asoci6é con un régimen de vacunas incompleto en el contexto del programa
de vacunacion habitual. Ser residente de la zona norte de la ciudad (P = 0,001), no
tener seguro (P = 0,02) y la baja escolaridad del principal guardian del nifio (P = 0,04)
fueron factores de riesgo asociados con la administraciéon incompleta del régimen de
vacunacion bajo el programa de vacunacién vigente.

Conclusion. A pesar de que los porcentajes de cobertura con algunas vacunas son
altos, sigue siendo baja la frecuencia de la vacunacién con el régimen completo en
nifios de 13 a 59 meses de edad en Buenos Aires. Para poder mejorar esta cobertura
tendra que haber mayor acceso a las vacunas, especialmente en los sectores de la co-
munidad que estan expuestos a los factores de riesgo.
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