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Abstract

Background: The World Health Organization (WHO) initiated the Expanded Program on Immuni-
zation (EPI) in 1974. It has been widely used in different studies. Along with this, other survey
methodologies have been compared to study immunization coverage at different regions. To con-
sider different survey methodologies, one of the most important factors is the cost incurred that
survey methodology. A survey method is considered as more efficient or better than the other
survey method if the cost incurred in a particular method is less than the other one. Methods: In
this study, cost incurred in two stage (30 x 30) cluster sampling and systematic sampling methods
have been compared using a cost function for measles vaccine coverage. Measles vaccine coverage
data has been taken from the survey “Comparison of Two Survey Methodologies to Estimates Total
Vaccination Coverage” sponsored by Indian Council of Medical Research (ICMR), New Delhi. Re-
sults: The results show that there are no significant differences between the point estimates of
measles vaccine coverage under the considered survey methodologies. But the cost incurred in
systematic sampling is more than that of two stage cluster sampling. Conclusion: It can be con-
cluded that systematic sampling survey is costlier than that of two stage cluster sampling for this
study population.
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1. Introduction

The World Health Organization (WHO) initiated the Expanded Program on Immunization (EPI) in May 1974
with the objective to vaccinate children throughout the world. Since then it has been widely used to access the
immunization coverage. India launched National Immunization Programme called Expanded Programme of Im-
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munization (EPI) in 1978 with the introduction BCG, OPV, DPT and typhoid-paratyphoid vaccines. Typhoid-
paratyphoid vaccine was dropped from EPI in 1981, reportedly due to considered higher reactogenecity and low
efficacy of the vaccines and also due to perceived reduced burden of typhoid disease in the country. The EPI
was rechristened with some major change in focus by the launch of Universal Immunization Programme (UIP)
on November 19, 1985. The measles vaccine was added to the existing schedule [1]. Along with EPI cluster
sampling, different sampling methodologies have been used to study the vaccination coverage. They are com-
monly lot quality assurance sampling (LQAS), systematic sampling, stratified sampling and simple random
sampling (SRS). Yoon et al. (1997) mentioned that a method that eliminated many of the logistical problems of
SRS was cluster sampling. The primary sampling units are clusters, often defined so as to be convenient for the
researcher. Typically, EPI cluster surveys have consisted of 30 clusters of 7 children each (for immunization
coverage surveys). However, the method has been modified and adapted for estimation of different health para-
meters say 30 clusters of 14 children, 30 clusters of 30 children, 30 clusters of 68 children and sometimes 19
clusters or 45 clusters also. They study the cost of conducting EPI cluster sampling in assessing the prevalence
of diarrhea and dysentery compared with stratified random sampling [2]. Rose et al. (2006) compared the results
of two stage (30 x 30) cluster and systematic sampling to measure retrospective mortality. The results show that
the traditional two stage cluster survey designs can give similar results to the systematic survey design when
making rapid estimates of retrospective mortality in a setting where the mortality point estimate is not above the
emergency threshold [3]. In a study, Megiddo et al. (2014) evaluated the health and financial effects of interven-
tions introducing a rotavirus vaccine to the immunization program. Immunization is one of the most cost-effec-
tive interventions for improving health outcomes [4].

Different survey methodologies have different merits and some of demerits are also compared to each other.
In general, a survey methodology will be considered better than the other one if the considered methodology
gives better estimates than the later one. But at the same time, cost incurred and time is required to complete that
survey is also important. Singh et al. (1996) evaluated immunization coverage in a primary health centre (PHC)
area with lot quality assurance sampling (LQAS) and EPI surveys using paramedical personnel as field staff.
The time required and the expenses incurred in the two surveys have been discussed. The estimated costs of the
surveys are a ratio of 1:1.6 for the cluster survey and LQAS survey respectively [5].

In this study, a cost function has been proposed under both two stage (30 x 30) cluster and systematic sam-
pling and that has been compared by taking the coverage for measles vaccine in the capital city of Assam, India.

2. Methodology

For illustration, the data from a recent survey has been collected by using two stage (30 x 30) cluster and syste-
matic random sampling which has been performed under the project “Comparison of Two Survey Methodolo-
gies to Estimate Total Vaccination Coverage” sponsored by Indian Council of Medical Research (ICMR), New
Delhi and carried out in Guwahati, the capital city of Assam. In this survey, coverage of BCG, OPV, DPT, He-
patitis B, Hib, Measles, MMR vaccine has been taken. The sample size is altogether 1800 (900 in each sam-
pling). Here only measles vaccination coverage has been considered. The detail survey methodologies have been
discussed in earlier study [6].

Two stage cluster sampling is a survey sampling method where data have been collected in two stages. In the
first stage clusters are selected and in the second stage sampling units are selected from already selected clusters.
The clusters may be any geographical region which is well defined. In the first stage 30 clusters have been se-
lected and from that selected clusters 30 sampling units have been collected. This method has advantages from
simple random sampling that it does not require the whole list of sample space. Also it takes less time to com-
plete survey area which in turn reduces the cost of the survey method. This methodology is also easy for the
surveyor to conduct survey. Systematic sampling is a random sampling in which the first unit is selected ac-
cording to some predesigned pattern and the rest are selected automatically. Here first unit is selected from the
random number table and thereafter each sampling unit is selected at an interval of 10 units until it completed 30
units.

3. Determination of Cost Function

Let us denote:
C;(c) = cost per household covered in two stage cluster sampling
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C,(s) = cost per household covered in systematic random sampling

Also denote:

C,(c) =fixed cost in two stagecluster sampling

C,(s) = fixed cost in systematic random sampling
where C,(c)=C,(s).

Then we have,

C,(s)=KC;(c) where K can take values <1, >1 or =1

Depending on the value of K the cost incurred in systematic sampling will be less than, more than and equal
to cluster sampling according to K < 1, K> 1 and K = 1 respectively.

Now for two stage (30 x 30) cluster sampling scheme, n = 900 units, we have

900 900

iZ:IZCi (s)= KiZ:IZCi (c)
Zigjfci (s)

>=gi——=K 1)
zi=1Ci (C)
Now, if K =1, we have from (1)
900 900

;FJ9=2}J® @)

That is cost incurred in both the sampling method are equal.
If K< 1, we have
900 900

;P&$<gfmd ®)

It implies that cost incurred in systematic random sampling is less than the two stage (30 x 30) cluster sam-
pling.
Again, if K > 1 then we have
900 900

3¢ (s)> ¢ (c) (@)
i=1 i=1

This implies that systematic random sampling is more costly than two stage (30 x 30) cluster sampling.

It is observed (Table 1) that on an average 148 household have to visit to complete 30 eligible children in a
ward under two stage (30 x 30) cluster sampling whereas it is 459 household under systematic sampling. That is
to complete the survey in a ward number of household visited in systematic sampling is almost three times than
that of the two stage (30 x 30) cluster sampling.

As more number of household to be visited under systematic sampling, the time required to complete the sur-
vey in a particular ward will almost three times more than two stage (30 x 30) cluster sampling. That is sur-
veyors have to cover more distance, spent more money and total man-days required for the survey. Hence cost
incurred is automatically higher in systematic random sampling than that of the two stage (30 x 30) cluster sam-
pling.

So, we can assume that K = 3 which is greater than 1, from Equation (4), we have

900 900

;pmw>g;mw ®)

Adding fixed cost | C,(c)=C, (s)], on both sides of (5), we have

:c4g+§%mg>CAQ+§?4q
=C(s)>C(c) (6)

= total cost in systematic random sampling > total cost in two stage (30 x 30) cluster sampling.

O,
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Table 1. Household covered in each ward under two stage (30 x 30) cluster and systematic sampling schemes.

Sl No.

© 0O N o o b~ w N o

WORNRN NN RN NN RN NDNR B B B R R sl
SO © ® N o O s W N P O © 0 N O 0 h W N P O

Ward No.

Total HH covered

Average HH covered

11
12
15
17
18
24
25
26
33
35
36
37
38
40
42
43
46
47
48
50
51
53
54
55
57
59
60

Number of Household Covered

Cluster
105
215
133
127
105
163
216
122
130
149
123
139
108
126

84
123
137
181
168
166
168
112
147
188

118
177
125
167
235
192
4449
148

Systematic
400
530
400
420
410
510
520
390
500
440
420
440
420
390
540
570
490
430
450
680
450
360
490
450
380
550
420
390
530
410

13780
459

Thus we have,

C(c)

C(s)=C,(s)+>.Ci(s)=total cost in systematic sampling
i=1

900

C,(c)+D.Ci(c)= total cost in two stage (30 x 30) cluster sampling

i=1

900
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4. Analysis

For this study we consider the measles vaccination coverage. Measles vaccine coverage has been estimated un-
der two stage (30 x 30) cluster and systematic sampling for each ward where the proportion of children vacci-
nated against measles vaccine is denoted by p,. To compare the estimated proportions (p,) Z-statistics has
been used together with 95% confidence intervals. Here the null hypothesis is

Ho: P, =P,
Against the alternative,
Hi: P. =P,
The test statistic (for difference of proportion) is given by
_P—h
S'E'diff

where p. and P, gives estimated proportion of children vaccinated against measles under two stage (30 x 30)
cluster sampling and systematic sampling respectively.

The confidence interval for the difference between two population proportions is constructed round (f, — f; )
the difference between the observed proportions in the two samples. The standard error [7] of (p, - p,) inthis
case is

b.(=p.) AP,
SEJ (-3) .05
1 2

The confidence interval is then given by
P — P _<N1—a/2 x S.E.gi ) to p, - P, +(Nl—a/2 * S.E.gin )

where N, ,, is the appropriate value from the standard Normal distribution for the 100(1-a/2) percentile
found in available Normal tables. Thus fora95% Cl N, ,, =1.96

5. Results and Discussion

From Table 2 of estimated proportion of measles vaccine with Z-statistic and confidence intervals it has been
observed that the z-statistics are insignificant except for the ward number 5. Thus the null hypothesis may be
accepted and it can be concluded that there are no significant differences between the estimated proportions un-
der two stage (30 x 30) cluster and systematic random sampling. But considering the factor time and cost as
discussed in the previous section (Determination of cost function), systematic sampling is more time consuming
and hence cost incurred is more than that of two stage (30 x 30) cluster sampling.

Yadav et al. (2009) assessed the impact of the pulse polio immunization programme at the primary health
level in terms of services, time and cost. The study found that a single round of intensified pulse polio immuni-
zation consumes a substantial number of person-hours and leads to a temporary suspension of routine services
provided at the primary health centre [8]. Casta"neda-Orjuela et al. (2013) mentioned that the cost of Expanded
Programs on Immunization (EPI) is an important aspect of the economic and financial analysis needed for plan-
ning purposes. Costs also are needed for cost-effectiveness analysis of introducing new vaccines. They de-
scribed a costing tool that improves the speed, accuracy, and availability of EPI costs and that was piloted in
Colombia. The analysis shows that personnel, cold chain, and transportation are important components of EPI
and should be carefully estimated in the cost analysis, particularly when evaluating new vaccine introduction [9].
An economic analysis was performed (Chen et al., 2011) to estimate the cost of trachoma prevalence surveys
conducted between 2006 and 2010 from 8 national trachoma control programs in Africa. In that study, they pre-
sented an analysis of costs incurred in the implementation of trachoma prevalence surveys across eight national
trachoma control programs [10]. Macintyre (1999) studied the trade-offs in cost and quality of information ob-
tained from a rapid assessment survey in Ecuador. The results from the rapid survey were compared with results
obtained from a national survey conducted six months earlier. The objective was to see what alternative policies
might be arrived at if the data from the rapid survey were used in place of the large survey. In addition, the rela-
tive costs of obtaining that information were measured. The rapid survey was three times as cost-efficient as the
traditional survey, if relative bias is not taken into account [11]. Lwanga and Abiprojo (1987) studied the differ-
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Table 2. Estimated proportion of measles vaccine with Z-statistic and confidence intervals (Cl).

Sl No. Ward No. Cluster (p1) Systematic (p,) Z-value Cl

1 2 0.14 0.14 0 (-0.18, 0.18)
2 4 0.75 0.71 0.30 (-0.20, 0.27)
3 5 0.28 0.62 2.64" (~0.58, -0.10)
4 11 0.93 0.89 0.55 (-0.11, 0.19)
5 12 0.57 0.54 0.24 (-0.23, 0.29)
6 15 0.59 0.55 0.27 (-0.22, 0.29)
7 17 0.47 0.43 0.29 (-0.22,0.29)
8 18 0.69 0.70 0.09 (-0.25,0.22)
9 24 0.18 0.24 0.58 (-0.27, 0.15)
10 25 0.69 0.45 1.86 (-0.01, 0.49)
11 26 0.65 0.75 0.77 (-0.34,0.15)
12 33 0.70 0.79 0.82 (-0.31,0.13)
13 35 043 0.48 041 (-0.31, 0.20)
14 36 0.62 0.57 0.42 (-0.20, 0.30)
15 37 0.73 0.83 0.87 (-0.32,0.12)
16 38 0.89 0.93 0.51 (-0.19,0.11)
17 40 0.85 0.93 0.96 (-0.24, 0.08)
18 42 0.71 0.62 0.75 (-0.15, 0.34)
19 43 0.63 0.52 0.85 (-0.15, 0.37)
20 46 0.85 0.89 0.41 (-0.22, 0.14)
21 47 1 0.92 1.39 (-0.03, 0.19)
22 48 0.59 0.50 0.65 (-0.17,0.34)
23 50 1 1 0 (0,0)

24 51 0.72 0.69 0.29 (-0.20, 0.27)
25 53 0.66 0.62 0.27 (-0.21, 0.28)
26 54 0.60 0.50 0.70 (-0.18, 0.38)
27 55 0.41 0.53 0.95 (-0.38, 0.13)
28 57 0.71 0.69 0.20 (-0.21, 0.26)
29 59 0.55 0.63 0.64 (-0.33,0.17)
30 60 0.82 0.67 1.35 (-0.07, 0.38)
31 Combined 0.64 0.64 0.01 (-0.05, 0.05)

“Significant at 5% probability level.

ences in survey time and cost for a rural and an urban setting of Indonesia between the standard EPI survey me-
thod and the statistically rigorous approach where majority of the children are not vaccinated according to the
national immunization schedule. The estimates obtained with SRS surveys were more precise than those with
EPI surveys, but they were more costly. The relatively higher precisions of the estimates do not justify the indi-
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scriminate use of the SRS method [12]. In this study estimated measles vaccine coverages have not shown any
significant difference between the two survey methodologies viz two stage (30 x 30) cluster and systematic
sampling but the cost incurred in systematic sampling is higher than that of two stage (30 x 30) cluster sampling.

6. Concluding Remarks

From the study, it can be concluded that only good estimates of parameters under a sampling strategy are not
sufficient to say that a particular methodology is to be adopted. Together with that time and cost incurred in
survey methodology is also very important to say that a particular sampling methodology is better than the other
one. In this study, it has been observed that there is significant difference between the estimates of measles vac-
cine coverage in the considered region of Assam, but the cost incurred in systematic random sampling is more
than that of the two stage (30 x 30) cluster samplings.
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