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Abstract

To assess coverage rates of standard childhood vaccinations in Greenland, a geographically isolated and sparsely populated area, an
determine risk factors for low coverage, we performed a register-based cohort study among 596 children from 1993 to 1998 in Sisimiut,
Greenland. Forvaccines given before the age of 2 years (pertussis 1-3, DT-IPV 1-3, and MMR 1) coverage rates in general were impressive
high being on or above levels of Western countries. A risk factor for low coverage was migration. The Greenlandic vaccination model with
free vaccinations administered by health workers who systematically call in children at scheduled times seems highly efficient and coulc
be a model for other similar countries.
© 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction 2. Materials and methods

In the past, the Greenlandic population has experienced2.1. Study area and population
severe and devastating epidemics of vaccine-preventable
disorders, in particular of measles, tuberculosis, and po- The population of Greenland is sparse (55,000 of whom
lio [1]. As a part of the Danish kingdom the standard 15,000 live in the capital Nuuk) and lives scattered around
childhood vaccination programme in Greenland intro- the island in 16 towns and a large number of settlements.
duced in recent decades follows that of Denm§zi3] Medical doctors serve most towns, while doctors only visit
with all vaccinations administered free of charge. The the settlements at irregular intervals.
vaccinations dispense system in Greenland outside the The study area was the West Greenlandic town of Sisim-
capital Nuuk is, however, different from that of Denmark, jut and two adjacent settlements, Sarfannguaq and ltilleq,
as children are vaccinated by health visitors and not by together constituting Sisimiut municipality (in the following
doctors. unless explicitly stated as ‘Sisimiut town’, ‘Sisimiut’ alone
Vaccine coverage rates among children in Greenland anddenotes Sisimiut municipality). Approximately 5100 per-
risk factors associated with not receiving planned vaccina- sons live in Sisimiut town, hereof approximately 600 born
tions are unknown. To gain insight into these issues we con-outside Greenland, mainly in Denmark. In total 240 persons
ducted a study of vaccine coverage among children in the live in the two settlements, divided equally among the two.
town of Sisimiut, the second biggest town of Greenland, and One Health Centre with up to five doctors at a time serves
two adjacent settlements with the objectives to estimate vac-the whole town and functions both as outpatient clinic and
cine coverage among children, to evaluate the delay in vac-in-patient hospital, while the doctors only irregularly visit
cination, and to determine risk factors associated with not the settlements.
receiving the vaccinations. In Sisimiut town health visitors administer childhood
vaccinations weekly at the Health Centre. At relevant ages
children living in the town are called to the Health Centre
to receive their vaccinations. If the children do not turn up
" * Corresponding author. Tek+45-3268-3964; fax:+45-3268-3165. at the scheduled day, they receive a written reminder. In
E-mail addressako@ssi.dk (A. Koch). the two settlements, the health visitors of Sisimiut town
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administer childhood vaccinations less regularly at the lo- a mandatory reportable register kept by the Chief Medical
cal nursing station, when they visit the settlements every Officer of Greenland.

month or every second. Children are at relevant ages called For a subset of children that took part in a study of res-
to the nursing station, and if they do not show up, an effort piratory tract infections from 1 April 1996 to 7 December
is made to vaccinate the children at the subsequent visit. 1998, information on passive smoking, social factors, and

The study population was an open cohort consisting of episodes of respiratory tract infections was obtaiféld
all children born between 1 April 1993 and 8 August 1997, These children were all below 2 years of age, living in Sisim-
and living in Sisimiut at a time between 1 April 1993 and 10 iut town between August 1996 and August 1998, and mon-
November 1998. Thus, both children born in Sisimiut and itored weekly for respiratory tract infections. Social class
children moving into Sisimiut were included. Only children of individuals was defined according to the Danish Social
being adopted out of Sisimiut shortly after birth were ex- Classification Systenfb]. Episodes of respiratory tract in-
cluded. The children were identified through the Civil Reg- fections as a proxy measure for general health were recorded
istration System. Children were followed prospectively from on a weekly basis based on symptoms reported by parents,
time of birth till 10 November 1998, till they moved out of and prevalence of respiratory tract infections was defined
Sisimiut, or till death, whichever came first. Information on as days with reported symptoms divided by total days of
time living in Sisimiut was obtained through the Civil Reg- observation.
istration System that includes such information as time of
birth, death, emigration, immigration, etc. All reporting to 2.4. Coverage rates and statistics
this registry takes place less than a week after the event.

The vaccination coverage rates were determined as (1)
coverage rate for each of the nine vaccinations up to the
age of 4 years, and as (2) coverage rate at age 2 years
for all planned vaccinations until this age. For all analyses
Kaplan—Meier estimates were used. For each of the specific
vaccines coverage rates were estimated using a Kaplan—
Meier estimate of the probability of having received the rel-
evant vaccination at 1 month and 1 year after the scheduled
time, respectively. Only children living in the area on the
official vaccination date were included in the estimation.
Each child contributed with time from birth or immigration
to the area, whatever came latest, until the vaccination of

Information on vaccinations given in the study period jnterest was received, until 10 November 1998, until a new
was obtained from vaccination files kept by the health \accination programme was started, until death, or until
visitors at the Health Centre, in which all vaccinations ad- emigration out of the area, whichever came first. Coverage
ministered to children in Sisimiut and the two settlements (ate at 2 years of age was estimated using a Kaplan—Meier
are recorded. Information on gender, birth order, place of gstimate of the probability of having received all scheduled
birth and living, ethnicity according to parents’ place of yaccinations at that age. Only children born in Sisimiut
birth, and parents’ age at child’s birth was obtained through were used in the estimation. Each child contributed with
the Civil Registration System. Information on birth vari- time from birth until all scheduled vaccinations up to
ables was obtained through the Greenlandic Birth Registry, pT-|pv 3 + MMR 1 were received, until 10 November
1998, until a new vaccination programme was started, until
death, or until emigration out of the area, whichever came

2.2. Standard vaccination programme

The standard childhood vaccination programme in
Greenland follows that of DenmarKdble 1. Haemophilus
influenzaaype b (Hib) vaccination was introduced in Green-
land in 1996. This vaccination was given very irregularly in
the beginning and is therefore excluded from this material.

2.3. Vaccine and background information

Table 1
Standard childhood vaccination programme per 1 April 1993, in Sisimiut, firSt.
Greenland To test whether the vaccine coverage rates of children
Age vaccination moving into Sisimiut would affect the overall estimate of

- coverage rate at age 2 years, two additional Kaplan—Meier
5 weeks Pertussis 1 . . .
9 weeks Pertussis 2 analyses were performed. In the first analysis all children
5 months Diphtheria, tetanus, polio (DT-IPV1 who had lived in the area at any point of time during the
6 months Diphtheria, tetanus, polio (DT-IPV2 first 2 years of life, whether or not born in the area, were
10 months Pertussis 3 _ included. In the other analysis only children who had not
15 months Diphtheria, tetanus, polio (DT-IF)V3 lived in the area for the full 2 years of life were included.

+ measles, mumps, rubella (MMR1 L. . .

2 years oral polio (OPV) 1 The additional analyses were carried out as described above,
3 years Oral polio (OPV) 2 with each child contributing with the time spent in Sisimiut
4 years Oral polio (OPV) 3 before age 2 years.
12 years Measles, mumps, rubella (MF)R2 Differences in vaccination coverage at age 2 years ac-

aCompound vaccines.

cording to different risk factors were statistically evaluated
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by assuming that the logarithm of the coverage is normally Table 2

distributed. Risk factors included the child’s place of living Dfemqgraphic characteristics of study cohort of 596 children living in
(town/settlement), gender, ethnicity (Greenlandic, mixed or S'SIMut Greenland, 1993-1998

Caucasian), birth order, weight at birth, social class, time Children born Children born
spent with acute respiratory tract infections (more or less Ef‘j‘;‘},’“t Em—s'gza&s'mlm
than the average), mother’s and father’s ages at child’s birth, Gonder — —

mother’s alcoh_ol c_onsumptlon, smokmg,_ schooling, educa- Boys 223 (49.2) 80 (55.9)

tion, and smoking in the household. All risk factors, except s 230 (50.8) 63 (44.1)

for ‘place of living’, were treated as constant variables based
on information obtained for time of birth or inclusion in the

Place of living

o . . Sisimiut town 415 (91.6) 143 (100)
study. Place of living was treated as a time-dependent vari- gettjiement 38 (8.4) 0 (0)
able, i.e. each child contributed at a given time with infor- -
. . . . . Ethnicity
mation on this variable during follow up depending on place  ;eenlandic 385 (85.0) 105 (73.4)
of living at that time. Mixed/Caucasian 68 (15.0) 38 (26.6)
' Kaplan—Meier estimates, standard errors, 95% confidence,, .« age at child's birth
interval (CI), andP-values were calculated using the proce-  _50 years 44 (9.7) 15 (10.5)
dure PROC PHREG in SAS. >20 years 409 (90.3) 128 (89.5)
. Father’'s age at child’s birth
2.5. Ethics <20 years 61 (13.5) 19 (13.3)
>20 years 392 (86.5) 124 (86.7)
The Commission for Scientific Research in Greenland that girth order
acts as scientific ethical board in Greenland approved the First born 130 (28.7) 43 (30.1)
study. According to Danish law the study was also reported Later born 323 (71.3) 100 (69.9)
to the Danish Data Protection Board. Time at risi
0-1 years old 417 (31) 36 (21)
1-2 years old 364 (27) 51 (30)
3. Results 2-3 years old 261 (19) 50 (29)
3-4 years old 189 (14) 25 (15)
. 4-5 years old 101 (8) 6 (4)
3.1. Study population 5-6 years old 11 (1) 3(2)

Percentage values are indicated within parentheses.

In total 596 children participated in the cohort study con- aThe number of years at risk in each stratum.

tributing with 1515 years of observation (on average 2.5
years of observation per childjable 2presents the demo- .
graphic characteristics of the cohort and age distribution of 3-3. Vaccine coverage at 2 years of age

time at risk. None of the children in the study died.
As the number of children older than 2 years in the cohort

3.2. Coverage rates for specific vaccines is limited, we chose to evaluate general vaccine coverage at
the age of 2 years instead of after the full vaccination series
Table 3shows the vaccine coverage for specific vaccines. Of 4 years. The coverage rate for the scheduled seven vacci-
There is a clear tendency towards a decreasing coveragdations (pertussis 1-3, DT-IPV 1-3 and MMR 1) at 2 years
rate from early to late vaccines, evaluated 1 month after Of age among the 453 children who had lived in Sisimiut
the scheduled vaccination date and again after 1 year. Infrom birth was 92.6% (95% CI 90.0-95.2). The additional
particular, coverage rates for vaccines administered after theKaplan—Meier analyses=(g. 1) showed that 87.8% (95%
age of 2 years were substantially lower than the earliest C! 84.7-90.9) of the total number of children who had lived
vaccines. Over 90% of the children were vaccinated at the in Sisimiut at any point of time before the age of 2 years
scheduled time with pertussis 1, but fewer than 50% of the (7 = 466), whether or not born in Sisimiut, had received
children were vaccinated at the scheduled time with OPV 3. their scheduled vaccinations at age 2 years, while the rate for
To test whether the coverage rates for specific vaccineschildren who had moved into Sisimiut after birth was sig-
were dependent upon the definition of the actual study pop- Nificantly lower at 53.2% (95% CI 40.5-65.8, < 0.001).
ulation as children residing in Sisimiut at the age of planned
vaccination, we determined coverage rates using children3.4. Risk factors for low coverage at 2 years of age
resident in Sisimiut both 14 days before and after the given
vaccination age, as well as children resident only at any Four hundred and fifty-three out of 596 children (76%)
point of time during this period. No differences in vaccine were born in Sisimiut and formed the basic study popu-
coverage rates were found using these definitions comparedation for risk factor analyses. Vaccine coverage differed
with the original definition. markedly between children who had lived in Sisimiut since
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Table 3
Vaccine coverage for specific vaccines for the cohort of 596 children living in Sisimiut, Greenland, 1993-1998
Vaccination Vaccine coverage in percent (95%)Qy time since standard recommendation

Children born in Sisimiut municipality Children born outside Sisimiut municipality

Children available  Vaccine coverage Vaccine coverage Children available Vaccine coverage Vaccine coverage

for vaccinatiof after 1 month after 1 year for vaccinatiofl after 1 month after 1 year
Pertussis 1 443 91.3 (88.8-93.9) 97.9 (96.5-99.2) 9 88.9 (74.4-100) 100 (100-100)
Pertussis 2 439 81.2 (77.5-84.9) 96.7 (94.8-98.6) 9 88.9 (74.4-100) 100 (100-100)
DT-IPV 1 421 84.9 (81.5-88.2) 97.9 (96.4-99.3) 20 67.0 (47.0-87.0) 85.3 (70.0-100)
DT-IPV 2 418 69.7 (65.3-74.1) 97.6 (96.1-99.1) 20 61.8 (41.0-82.6) 89.1 (77.4-100)
Pertussis 3 411 75.4 (71.3-79.5) 94.9 (92.6-97.2) 28 45.0 (25.7-64.4) 74.3 (52.6-96.0)
DT-IPV 3 and MMR 1 403 70.6 (66.3-75.0) 94.8 (92.2-97.5) 37 47.7 (31.0-64.4) 67.4 (48.8-85.9)
Oral polio 1 318 69.7 (64.7-74.2) 90.7 (86.4-95.1) 41 32.8 (18.3-47.3) 70.2 (51.8-88.7)
Oral polio 2 228 56.4 (50.0-62.9) 86.4 (80.7-92.1) 41 30.7 (16.5-44.9) 58.1 (36.0-80.3)
Oral polio 3 138 48.6 (40.1-57.1) 82.3 (74.3-90.5) 24 29.6 (11.4-47.8) 40.5 (19.0-61.9)

All values for vaccine coverage after 1 month and 1 year are expressed in percentage.
aConfidence interval.
b Only children residing in Sisimiut at the age of planned vaccination.

birth and immigrants, but the group of immigrants was too (95% CI 92.1-99.4%). For children of young mothers and
small for risk factor analyses. Of the 453 children born in fathers, for children whose mothers smoked, for children
Sisimiut 226 children took part in the study of respiratory whose mothers had low school education, and for children
tract infections and supplied information on social factors, with low birth weights coverage rates tended to be lower,
passive smoking, etc. Significant risk facto® & 0.05) however, insignificant. As place of living (town/settlement)
were ethnicity (coverage for Greenlandic children 91.7% was not a risk factor, we analysed whether the vaccines were
(95% CI 88.6—94.7%), for children of mixed/Caucasian de- given with delay in the settlementBig. 1 shows that this
scent 98.2% (95% CI 95.7-100%)), smoking in household was the case, but that the same coverage was reached at the
(coverage for children from households with smokers 89.8% age of two for the two groups of children.

(95% CI 85.5-94.2%), and for children from smoking free

households 96.8% (95% Cl 92.4-100%)). For children, who 3.5. Confounding

had had respiratory tract infections of less than the average

(23% of time of observation) coverage rate was 85.9% (95%  Survival analysis was performed instead of logistic re-
Cl 79.5-92.3%), and for children with respiratory tract in- gression, as only about 60% of the children were followed
fections of more than the average coverage rate was 95.7%or 2 years or more after birth. There is no standard method
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Fig. 1. Cumulative vaccine coverage for the first seven vaccines (pertussis 1-3, DT-IPV 1-3 and MMR 1) for 425 children living in Sisimiut town and
41 children living in one of the settlements from the official vaccination age of the seventh vaccine (15 months) to 2 years of age, irrespectaely of pla
of birth.
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for multivariate regression analyses of Kaplan—Meier point  Children from the settlements received their vaccinations
estimates, and stratified analyses could not be performeddelayed compared with children from Sisimiut town. This is
due to a low number of non-vaccinated children in com- not surprising, as the health visitors only have opportunities
bined strata. Thus, it was not possible to test confounding to vaccinate the children 3—6 times a year, unlike the chil-
between the three significant factors (ethnicity, smokers in dren in Sisimiut town. It was surprising, however, that total
household (or mother’'s smoking), and the presence of respi-vaccine coverage rates were equal in Sisimiut town and the
ratory tract infections) using a stratified analysis. However, settlements despite the health visitors’ few and irregular vis-
the three factors were not correlated and they are unlikely its. In contrast, studies from developing countries show that
to be confounders. children from rural areas have lower vaccine coverage rates
than urban childrerjl4-16] A likely explanation for the
high coverage rates both in Sisimiut town and the settlements
4. Discussion may be that health visitors handled vaccinations as a spe-
cific task. Thus, they called in all relevant children for vac-

This is, to our knowledge, the first study of coverage rates cination on a specific weekday and kept record not only of
of common childhood vaccinations among children living planned and administered vaccinations, but also of children
in the Arctic. To obtain as valid information as possible of who had not shown up on the scheduled day, in which cases
vaccinations and time at risk in Sisimiut, we took advantage reminders were sent out. In most other places where doc-
of two registers, the vaccination register kept by the health tors perform the vaccinations, parents have to keep record
visitors performing the vaccinations, and the Civil Registra- of the scheduled vaccination times and make arrangements
tion System, to which reporting is mandatory of all changes themselves.
of addresses in Greenland. Thus, information on vaccina- The proportion of children who receive their vaccinations
tion dates and time at risk in Sisimiut is believed to be un- within one month after the scheduled time compared with
biased and of high quality. Furthermore, all information on later decreased with age. For pertussis in particular this is
risk factors was collected prospectively, minimizing the risk disadvantageous, as the purpose of the vaccination in Green-
of recall bias and differential misclassification. In contrast, land/Denmark is notto eliminate pertussis like in other coun-
prior vaccination studies have largely relied on parental re- tries, but to delay the time of infectid®,17]. At a later age
call of vaccinations, either using postal surveys, telephone the natural course of the infection is much less severe than
or personal parental interviews or reviews of school health in infancy, when it may be lethal. Thus, it is unfortunate that
recordg6-11], with recall bias and incomplete registrations the pertussis 3 vaccine is administered with delay to more
as possible consequences. than 30% of children.

In Sisimiut we generally found high coverage rates for  Children moving into Sisimiut had a significantly lower
vaccinations scheduled before the age of 2 years, while thosevaccine coverage rate (53.2%) for all vaccines at 2 years of
administered later (oral polio I-Il) were somewhat lower. age compared with children who had lived in Sisimiut since
Compared with other countries, the coverage rates for vac-birth (92.6%). This is in line with findings from the USA,
cines given before the age of 2 (pertussis 1-3, DT-IPV 1-3, where newcomers had lower vaccine coverage rates than
and MMR 1) are high. In Denmark, where all vaccinations residentd18]. By further analysis we found that of the im-
are administered free of charge by general practitioners, themigrants in Sisimiut approximately half had not at all been
figures for pertussis 1-3 and DT-IPV 1-3 are of the same registered in the vaccination files, indicating that no contact
magnitude as in Sisimiut, but slightly lower for MMR 1 (be- had taken place between these children and the vaccination
tween 81 and 88%B,12]. In the USA, where vaccines are system. The most likely explanation for this is that parents
only administered free of charge to children living below of immigrants in Sisimiut have to contact the health visitors
the poverty line, vaccine coverage rates for a total series ofthemselves to inform the vaccination system that they have
four DTP, three OPV and one MCV (‘Measles containing moved into Sisimiut. This suggests that the low coverage
vaccine’) vaccines given before age 2 years were betweenrate among immigrants may be improved by changing this
76 and 819%13], while for a total series of three pertussis, pattern towards active contact to immigrants. Immigrants,
three DT-IPV, and one MMR administered in Sisimiut, the however, might still have been vaccinated elsewhere in ear-
corresponding figure was 88%, or almost 10% better than in lier periods of their lives, but as the purpose of the present
the USA. In India, where the childhood vaccine programme study was to evaluate whether the planned vaccines were
is quite similar to the US programme, coverage rates in ur- given in Sisimiut according to schedule, this is irrelevant to
ban areas are between 73 and 92% for DTP 1-3 and OPVthe present study.

1-3, for MCV 43%, and for a full series of three DTP, three Children of Danish or mixed origin had significantly
OPV, one MCV and one BCG, 34.5%44]. These figures  higher vaccine coverage at 2 years of age than children
are much lower than the corresponding figures in Sisimiut. of pure Greenlandic origin, corresponding to studies from
Rates for specific vaccinations administered in rural areasstudies from other parts of the world, which have found eth-
in India are in general 20% lower than those in urban areasnicity to be associated with coveraffe®®—22] The fact that
[14], and thus much lower than in Sisimiut. children from households with smokers had lower coverage
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rates could reflect ethnicity, as Greenlanders smoke much [4] Koch A, Melbye M, Sgrensen P, Homge P, Madsen HO, Mglbak K,
more than Danes in Greenland. A further explanation for the et al. Acute respiratory tract infections and Mannose-binding lectin
latter could be, however, that non-smoking parents are more insufficiency during early childhood. JAMA 2001;285:1316-21.

1 1 [5

d with di fi th Ki t Enevoldsen B, Michelsen N, Friis-Hasche E, Kamper-Jgrgensen F.
concerned wi ISease prevenuon than smoking parents. Social klassifikationer. Svalastoga’s inddeling efter social status,

Similarly, parents to children with many respiratory tract rangorden af socialforskningsinstitutets socialgruppeinddeling [Social
infections might be more motivated to have their children classification. Il. Stalastoga’s subdivision according to social status
vaccinated. rank and the social grouping employed by the Institute for Social

In conclusion, the vaccine coverage in Sisimiut munic- Research]. Ugeskr Laeger 1980;142:544-50.
Bobo JK, Gale JL, Thapa PB, Wassilak SG. Risk factors for delayed

L . . [6

|paI|ty is on the same level as. I.n Wes.tem countrleg, even immunization in a random sample of 1163 children from Oregon
though access to general practitioners in Greenland in cOm-  and washington. Pediatrics 1993;91:308-14.

parison is less easy. The vaccination model in Greenland, [7] Marks JS, Halpin TJ, Irvin JJ, Johnson DA, Keller JR. Risk

where vaccinations are administered free of charge by health factors associated with failure to receive vaccinations. Pediatrics
visitors, seems to be effective, in particular as regards vac- __ 1979:64:301-9. R _ ,

. . . .. . [8] Markland RE, Durand DE. An investigation of socio-psychological
cination of children "V'”Q In Settlemen.ts' Thus, the mOdetI factors affecting infant immunization. Am J Public Health 1976;
may therefore be used with advantage in other countries with 66:168-70.
limited access to doctors but with contact to health visitors [9] Gergen PJ, Ezzati T, Russell H. DTP immunization status and
or similar medical persons. Greenlandic ethnicity, exposure tetanus antitoxin titers of Mexigan American children ages six months
to passive smoking, immigration to the area after birth, and ___ through 11 years. Am J Public Health 1988;78:1446-50.
having fewer episodes of respiratory tract infections than on [10] Wood DL, Hayward RA, Corey CR, Freeman HE, Shapiro MF.

. ; ; Access to medical care for children and adolescents in the US.
average were associated with low vaccine coverage rates.  pediatrics 1990:86:666-73.
While some of these factors probably reflect parental atten-[11] Ewert DP, Thomas JC, Chun LY, Enguidanos RC, Waterman SH.
tion to vaccination, others may reflect realistic targets for Measles vaccination coverage among Latino children aged 12 to 59
improvement. Thus, even as the vaccination system seems months in Los Angeles County: a household survey. Am J Public

e i . . . Health 1991;81:1057-9.

efficient, higher vaccine coverage rates in Greenland might 1, cpiisiensen M. MMR vaccination 1997. EPI-NEWS, Natrional
be achieved through changes in routines. Paying more at-  syrveillance of Communicable Diseases 1998:23. (Website:/

tention to immigrants and to children with low morbidity www.ssi.dk/en/index.htr
might have this effect. [13] National vaccination coverage levels among children aged 19-35
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