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Abstract

In this study the authors examine the relationship between “zero-dose” communities and

access to healthcare services. This was done by first ensuring the first dose of the Diph-

theria Tetanus and Pertussis vaccine was a better measure of zero-dose communities

than the measles-containing vaccine. Once ensured, it was used to examine the associa-

tion with access to primary healthcare services for children and pregnant women in the

Democratic Republic of Congo, Afghanistan, and Bangladesh. These services were

divided into: a) unscheduled healthcare services such as birth assistance as well as seek-

ing care and treatment for diarrheal diseases and cough/fever episodes and b) other

scheduled health services such as antenatal care visits and vitamin A supplementation.

Using recent Demographic Health Survey data (2014: Democratic Republic of Congo,

2015: Afghanistan, 2018: Bangladesh), data was analyzed via Chi Squared analysis or

Fischer’s Exact Test. If significant, a linear regression analysis was performed to examine

if the association was linear. While the linear relationship observed between children who

had received the first dose of the Diphtheria Tetanus and Pertussis vaccine (the reverse

to zero-dose communities) and coverage of other vaccines was expected, the results of

the regression analysis depicted an unexpected split in behavior. For scheduled and birth

assistance health services, a linear relationship was generally observed. For unscheduled

services associated with illness treatments, this was not the case. While it does not

appear that the first dose of the Diphtheria Tetanus and Pertussis vaccine can be used to

predict (at least in a linear manner) access to some primary (particularly illness treatment)

healthcare services in emergency/ humanitarian settings, it can serve as an indirect mea-

sure of health services not associated with the treatment of childhood infections such as
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antenatal care, skilled birth assistance, and to a lesser degree even vitamin A

supplementation.

Introduction

In the midst of the ongoing COVID-19 pandemic, much focus has been placed on access to

vaccines, specifically for this virus, highlighting global inequities in access to healthcare and

vaccination [1]. This problem unfortunately is not novel, having persisted since 1974 and

extends beyond COVID-19 vaccines to even the most basic of childhood vaccination services

[1]. Communities where children do not receive the suite of basic vaccinations are known as

zero-dose communities and are often operationally defined as locations where children have

not received the first dose of a Diphtheria, Tetanus and Pertussis vaccine (DTP1), according to

GAVI [2].

Vaccination against diseases such as Measles, Polio, Tuberculosis and of course DTP is a

critical and cost effective aspect of increasing health protection in early childhood, especially

in Low and Middle Income (LMIC) countries where vaccination has accounted for a large

decrease in deaths from infectious diseases [3, 4]. As such, studies have looked to elucidate

the risk factors associated with children under five not receiving these vaccines and residing

in “zero-dose” communities [5–10]. This has been done in an effort to make better informed

predictions about where these zero-dose populations may exist as well as the overall size of

these communities so as to better understand how vaccination coverage can be improved so

that some of the most vulnerable children can be reached [5–10]. Despite the number of stud-

ies focused on the risk factors associated with zero dose communities as well as strategies to

decrease the size of zero dose communities, only a few studies have focused on using zero-

dose communities to examine associated impacts on other factors of pediatric healthcare,

especially in countries in the midst of health emergencies. The studies that have attempted to

fill this gap and have focused on this relationship provided generalized information for

grouped LMICs but did so without any specific focus on countries suffering from health

emergency settings [11]. Galles et. al have examined the global trend in coverage of various

childhood vaccines and reported on association between social demographic index (SDI) and

the third dose of DTP (DTP3) noting the sigmoidal relationship between social (SDI) and

coverage of DTP3 [12]. Additionally, Figueiredo et. al have examined the key factors that cor-

relate to DTP3 coverage between 1980–2010 and 2001–2010 within Africa, the Americas,

Europe, Eastern Mediterranean, South-East Asia Region and Western Pacific Region [13].

Furthermore Figueiredo et. al have noted that not only do these socioeconomic factors corre-

late with DTP3 vaccine coverage but there is also a link between out-of-hospital births and

reduced immunization as well as some socioeconomic factors (such as income) relating to

utilization of skilled birth assistance [13]. As such, taken together, these studies only transi-

tively draw direct, regional, higher order relationships between zero-dose communities and

these correlated health elements through the establishment of a relationship between DTP1

and DTP3 and then DTP3 and other health factors; these metrics all seem to correlate to each

other indirectly through socioeconomic factors but no study seems to have directly look at

the correlation between DTP1 and treatment for disease, birth related services or vitamin A

supplementation.

While these studies provide a helpful analysis, these insights still assume there is already

some degree of vaccination access available as these children examined have already received
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prior doses of DTP. Additionally, as noted before, these results were based on aggregated data

from various countries grouped together based on geography or economic level [11, 13].

Although zero-dose communities can exist anywhere, many exist in locations in the midst of

humanitarian crisis or armed conflicts which have directly or indirectly resulted in health

emergencies [14]. As such, with this analysis we aim to begin to fill this gap by directly assess-

ing the association between vaccination and access to other healthcare services using data

from nationwide surveys for countries representing emergency settings resulting from differ-

ent conditions. This includes systemic civil unrest and conflict as seen in countries like

Afghanistan, more sub-nationally localized civil unrest and conflict as seen in Democratic

Republic of Congo (DRC) and localized, migration-based crisis such as the Rohingya crisis in

Bangladesh [15, 16]. Here, we hypothesize that there is a negative correlation between zero

dose communities and healthcare access and utilization. These findings may provide insight

into using vaccine uptake as a predictive marker for access to both healthcare services related

to pregnancy and birth related services and healthcare services related to treatment for com-

mon childhood diseases like cough/fever (indicative of possible respiratory infections) and

diarrhea.

Materials and methods

Data sources and curation

Data from DRC, Afghanistan and Bangladesh was collected as part of the Demographic and

Health Surveys Program which is publicly available through the program’s website as the most

recent complete DHS report at the time of writing [17]. Survey responses were organized into

topical categories of which the Individual’s Response and Child’s Response categories were

specifically examined. These survey responses were collected and reported out at the highest

subnational level within each country.

Study design

To create a nationwide picture of childhood healthcare, we used the combination of all subna-

tional data reports from within a country and classified this as “national” data. In a country

like DRC where conflict and resulting humanitarian crisis was more localized, the specific sub-

national regions undergoing a humanitarian crisis (specifically Kasai-Occidental, Kasai-Orien-

tal, Nord-Kivu and Sud-Kivu) were also separately examined and these locations were

classified as “local” data.

Statistical analysis

Data was first collected and analyzed by a Chi Squared test or a Fischer’s Exact Test for sample

sizes less than 10 individuals using the GraphPad Prism statistical software using a two-sided

test with one degree of freedom for all cases. For significant differences found via the Chi

Squared test which were noted as a p value of less than 0.05, survey data was scored and

reported as fraction of total individuals who fit each category. This continuous data was then

graphed and analyzed in GraphPad Prism to examine the strength of any linear association

between variables. Association was determined via a simple univariate linear regression using

the R2 value to determine the strength of association and an F-statistic (significant at a p value

of less than 0.05) to determine if the slope was non-zero [18]. While we note here our assump-

tion that R squared values of less than 0.2 are considered negligible, 0.2–0.8 weak and 0.8 to 1

as strong, these values are largely arbitrary as various cut off values have been used to demar-

cate strong vs weak vs negligible degrees of linear associations [19–21].
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Estimating zero-dose via vaccination data

The fraction of children under five who specifically received either the measles vaccine

(MCV), DTP1, the third dose of DTP (DTP3), the first dose of the Polio vaccine (Polio1),

the third dose of the Polio vaccine (Polio3), or the Bacillus Calmette–Guérin vaccine

(BCG), was calculated from the Child’s Response Survey by tallying the number of

responses where a child received the vaccine in question according to either a vaccination

card (recorded as a 1 or 3) or their caregiver (recorded as a 2) as recorded in the DHS. We

took this categorical data and transformed it into the fraction of coverage by dividing the

total number of respondents who stated their child was vaccinated by the total number of

responses recorded at the provincial administrative level. With the few exceptions of survey

responses recorded as an “unknown” or “other” (marked as an 8), this metric is effectively

the complementary probability of selecting a child from a zero-dose community out of the

region’s population.

Linear regression analysis was performed as described in the prior paragraph twice for two

different definitions of “vaccinated”. For the first analysis, noted as All Sources, a child was

considered vaccinated if any survey response indicated the child was vaccinated. For the sec-

ond analysis, noted as Card-only Sources, a child was considered vaccinated only if the survey

indicated they were vaccinated according to their vaccination card such as having the name of

the vaccine received on the card and or having the date of vaccination on the card.

Scheduled health services. Definition of scheduled health services. Scheduled health ser-

vices were defined as any type of healthcare access for services that are designed to be planned

in advanced. In this study we examined two services under this category: antenatal care (a

non-illness, pregnancy related service) and vitamin A supplements (a non-pregnancy, non-ill-

ness related treatment).

Antenatal care definition. Antenatal care was determined as the fraction of recorded

responses where a mother had at least one antenatal care visit divided by the total number of

recorded responses to the antenatal care questionnaire.

Vitamin A supplements definition. To measure the fraction receiving vitamin A supplemen-

tation, the fraction of all living children born in the last five years who received vitamin A in

the form of an ampoule, a capsule or a syrup in last six months was recorded in the Children’s

Response document (noted as a 1). This value was divided by the total number of survey

responses in the region to yield the fraction of children under five who had access to vitamin A

supplementation in the last six months.

Unscheduled health services. Definition of Unscheduled Health Services. Unscheduled

health services were defined as any type of healthcare access for services that are needed sud-

denly. As such, their use is unable to be planned for in advance. Three healthcare services fall

under this category: birth assistance (a non-illness, pregnancy related service), access to care

for diarrhea (a non-pregnancy, illness related treatment), and access to care for cough/ fever

episodes (a non-pregnancy, illness related treatment).

Birth assistance definition. Birth assistance was analyzed based on Skilled Assistance or the

fraction of mothers who responded that they were assisted by a skilled birth attendant (calcu-

lated as the fraction of mothers who received assistance during delivery from either a doctor,

nurse, health worker or midwife divided by the total number of responses.

Access to care for diarrhea and cough/fever episodes definitions. Access to care for diarrhea

and access to care for cough/fever episodes were measured as Access to Medical Care. This was

measured based on the DHS surveys which have direct yes/no responses on if a symptomatic

child received medical care which was used to determine this metric. We calculated this as the

number of responses where a child received medical care divided by total number of
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respondents who were symptomatic. Furthermore, these surveys also broke down the type/

location where treatment was received.

Results

After observing that DTP1 coverage was a better indicator of zero dose communities com-

pared to MCV, a result in line with GAVI’s operational definition as mentioned earlier, this

metric was selected for further use. [S1–S6 Figs] Next, the relationship with access to care was

determined.

Treatment for diarrhea and cough/fever

DRC. In the DRC, a Chi Squared analysis showed there was a significant association

between DTP1 and medical treatment for diarrhea at the national level (p = 0.0006) and the

specific local regions examined (p = 0.0008). Despite both having significant associations,

there was a noticeable difference between the observed relationship with diarrhea treatment

when examining the general medical treatment data from facilities and community health

workers throughout the country and the relationship when observed only in the previously

defined local regions in the country. In these specific subnational areas, a strong linear rela-

tionship was seen between the fraction of children under five who received DTP1 and general

medical treatment for diarrhea (p = 0.0212, R2 = 0.96). When examined over the whole coun-

try however, no linear relationships were observed for diarrhea treatment (p = 0.6901, R2 =

0.02) indicating a split in behavior potentially due to sample size.

For an examination of cough/fever treatment, the chi squared analysis again showed a sig-

nificant association at the national level (p<0.0001) but not a significant association at the

local level (p = 0.0710). In these cases, no linear relationship between cough/fever treatment

and DTP1 coverage was observed in either the “local” data set or the national data set

(p = 0.9857, R2 = 0.00 for the national case; p = 0.9376, R2 = 0.00 for the local case).

Afghanistan and Bangladesh. Trends in Afghanistan and Bangladesh, however behaved

more akin to the DRC national level data. For Afghanistan, the Chi Squared analysis showed a

significant association between DTP1 and medical treatment from facilities and community

health workers for diarrhea (p<0.0001) and medical treatment from facilities and community

health workers for cough/fever (p<0.0001) while for Bangladesh no significant association

was seen between DTP1 and medical treatment for diarrhea (p = 0.2923) nor for cough/fever

medical treatment (p = 0.3781). While there was an association for Afghanistan, further exami-

nation revealed it was not a linear association for diarrhea (Afghanistan p = 0.2360, R2 = 0.04)

nor for cough/ fever (Afghanistan p = 0.4708, R2 = 0.02) due to low R2 values and the slope of

the relationship not being significantly different than zero. The lack of linear association for

both cases in Bangladesh (diarrhea p = 0.7668, R2 = 0.02 cough/fever p = 0.8648, R2 = 0.01)

was expected given the lack of any significant association expected via the Chi Squared results.

[Fig 1]

Antenatal care

The results for antenatal care followed the same trend seen for vaccination coverage: as the

fraction of children covered by the vaccine in question increased within each subnational

region, the fraction of mothers who received antenatal care visits also increased. [Fig 2]

DRC. Chi Squared analysis for antenatal care showed a significant association between

DTP1 and antenatal care nationally (p<0.0001) and sub nationally (p<0.0001). Additional

examination into the association showed that in the DRC, an almost perfect positive linear

association was observed between increasing DTP1 vaccination coverage and increasing the
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fraction of women who received antenatal care visits within the specific subnational regions in

DRC (p = 0.0382, R2 = 0.93). When examined throughout all subnational areas in the national

DRC dataset, a linear trend with a slope significantly different than zero was still observed

(p = 0.0009, R2 = 0.72).

Afghanistan. Likewise in Afghanistan the results from the Chi Squared analysis showed a

similarly significant association between DTP1 coverage and antenatal care (p< 0.0001).

Despite the similar results in general association to those observed in the DRC, additional anal-

ysis for Afghanistan did not produce as strong of a linear trend comparatively, though a linear

association with a non-zero slope was still observed (p<0.0001, R2 = 0.49).

Bangladesh. Lastly, antenatal care results from Bangladesh again showed a significant

(albeit less so) association between DTP1 coverage and antenatal care (p = 0.0012). However,

unlike both the DRC and Afghanistan data sets, while the line of best fit has an R2 value of 0.34

Fig 1. Linear regression between DTP1 coverage and medical treatment for diarrhea and for cough/ fever. Columns show results for DRC (A, D),

Afghanistan (B, E) and Bangladesh (C, F), respectively. When examined at the subnational level throughout the whole country no linear trends were

observed. However, specific crisis regions within DRC did show a strong linear relationship between DTP1 and medical treatment for diarrhea.

https://doi.org/10.1371/journal.pone.0281764.g001

Fig 2. Linear regression between DTP1 coverage and antenatal care in DRC (A), Afghanistan (B), and Bangladesh (C). Local data points in DRC

(A) refer to subnational regions in DRC where emergency conditions are more acute, specifically Kasai-Occidental, Kasai-oriental, Nord-kivu and Sud-

kivu, while the national set encompasses all subnational data points. The degree of linear association was strongest in these specific regions in the DRC

compared to the country as a whole (R2 = 0.93 vs. R2 = 0.72). Meanwhile Afghanistan (B) and Bangladesh (C) still saw weak linear associations between

DTP1 coverage and antenatal care visits (R2 = 0.49, and R2 = 0.34 respectively).

https://doi.org/10.1371/journal.pone.0281764.g002
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indicating at least a weak linear association it did not have a slope that was significantly differ-

ent than zero (p = 0.1306).

Birth assistance

To further examine the potential relationship between unscheduled services and DTP1 vacci-

nation status, birth assistance was also examined with findings similar to those for antenatal

care as shown in Fig 3.

DRC. In the data from the DRC, the Chi Squared test returned a significant association at

the national level between DTP1 and receiving birth assistance from a skilled medical worker

(p<0.001) as well as at the local level (p<0.001).

Afghanistan. In Afghanistan Chi Squared results were analogous to those in the DRC

with significant association observed between DTP1 coverage and birth assistance from a

skilled medical worker (p<0.001).

Bangladesh. The association in Bangladesh between DTP1 coverage and skilled birth

assistance was significant (p = 0.0141). Despite this less significant association, a linear associa-

tion was still observed for birth assistance from a skilled medical provider though the slope of

the line was not significantly different than zero (p = 0.0795, R2 = 0.43).

Vitamin A supplementation

To see if the relationship observed between DTP1 and scheduled services held for those ser-

vices beyond birth and pregnancy related ones, vitamin A supplementation was also examined

with results shown in Fig 4.

DRC. In the DRC as with the prior variables examined, there was a significant association

between DTP1 and Vitamin A supplementation via Chi Squared test at the national level (p

<0.0001) and local level (p<0.0001). Further examination of the data and the association

yielded a strong linear trend when DTP1 was used and compared against the fraction of chil-

dren who received vitamin A in the last six months. This association was strongest when

restricted to the specific regions where conflict was most present, producing an R2 value of

0.90 with a p = 0.0464 compared to an R2 of 0.80 with p = 0.0002 seen at the national level.

Afghanistan. In Afghanistan, the initial Chi Squared results also indicated a significant

association between DTP1 and Vitamin A supplementation (p<0.0001) and the fraction who

received Vitamin A supplements in the last six months also demonstrated the association was

a weak linear association (R2 = 0.22, p = 0.0046) with the fraction who received DTP1. How-

ever, unlike in DRC, the R2 value was closer to the cutoff between no linear association and a

Fig 3. Linear regression between DTP1 and birth assistance in DRC (A), Afghanistan (B), and Bangladesh (C). Skilled birth assistance was

considered as receiving assistance from a doctor, nurse, midwife, or healthcare worker. Linear associations were observed in DRC (A), Afghanistan (B)

and Bangladesh (C) for skilled birth assistance (R2 = 0.79, 0.32, and 0.43 respectively).

https://doi.org/10.1371/journal.pone.0281764.g003
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weak linear association, showing the strength was much weaker in this data set and might ulti-

mately be a more complicated relationship.

Bangladesh. Lastly, in Bangladesh, despite a significant association recorded according to

the Chi Squared analysis between DTP1 and Vitamin A supplementation (p<0.0001), the

association did not appear to be a linear as it produced an R2 = 0.00 with p = 0.8792. In this

case, the two variables were nearly perfectly linearly dissociated.

Discussion

Vaccination coverage

While DTP1 vaccine coverage showed a similar degree of associations (both generally via Chi

Squared and linearly via linear regression) to childhood coverage of DTP3, MCV, BCG, Polio1

and Polio3 vaccines in DRC and Afghanistan as MCV vaccine coverage showed, more linear

associations were observed in Bangladesh when DTP1 was examined instead of MCV. While

this was expected given the operational definition of zero-dose communities, this confirmation

combined with the operation definition led to the selection of DTP1 as the main variable for

analysis in our work going forward instead of other vaccines such as MCV [2]. In this case it

was expected that as DTP1 coverage increased (and therefore as Zero-dose populations

decreased) the coverage of routine vaccination would also increase in all three countries. Of

particular interest is the breakdown between how vaccination status was assessed, namely

either based solely on a vaccine card (which has been notated as Card-only Sources) or supple-

mented with insight from the mother of the child in question (notated as All Sources). While

vaccination card data is the standard approach for assessing if a child has actually received a

specific vaccine eliminating the need for a mother to accurately recall which vaccine or which

dose of a vaccine her child may have received, we found there was a stronger association and

better ability to estimate vaccination coverage from DTP1 coverage if the mother’s response

was taken into consideration, as in all three countries examined, this All Sources metric

resulted in an improved linear fit via a larger R2 value. While potentially less accurate in the

“actual” vaccination coverage values, this approach within each subnational region still has its

benefits for planners as the All Sources metric can act as a sort of “ideal” coverage value where

it can be assumed this value represents the best possible vaccination case if every mother’s

response and memory recall was completely accurate. As such, this provides a useful metric

for what proportion of the population in the area is not actively vaccinated (the remaining

population) which can help health care workers and planners better prioritize which regions

Fig 4. Linear association between DTP1 coverage and vitamin A supplementation in DRC (A), Afghanistan (B) and Bangladesh (C). This

association was seen in the local and national data sets in DRC (A). In Afghanistan (B), the association was weaker, producing an R2 indicating a weak

association (R2 = 0.22). However, the data set for Bangladesh (C) showed no linear association, appearing to be nearly perfectly separate, dissociated

variables (R2 = 0.00).

https://doi.org/10.1371/journal.pone.0281764.g004
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are more in need of vaccination assistance for a range of vaccines in a timely manner based

simply on the coverage of one dose of a single vaccine. While this metric might not provide

concrete estimates of vaccination coverage for academic or research purposes, we nonetheless

believe such a metric might still be of practical use for fieldworkers on the ground.

Birth assistance

As the goal for improving healthcare access would be for women to receive assistance from a

healthcare provider rather than anyone, we examined the relationship between DTP1 coverage

and skilled birth assistance. Here, we found that a positive linear relationship was observed, a

result largely expected due to prior observations between the correlation of DTP3 and births

attended by health staff and is supported additionally by our findings that antenatal care also

was linearly related to DTP1 coverage which would likely produce similar results [13]. This

seems to indicate that similar types of treatment services will behave in a similar manner to

each other even if they are grouped dissimilarly in terms of their more arbitrary timing/sched-

ule classification. That said, explanations behind this relationship are partially complicated by

the fact that in addition to socio-economic status and geographical factors there are also a lot

of social and behavioral factors which determine whether a woman will seek skilled birth care

including education level of her mother-in-law and any “taboos” around birth and pregnancy

common in the area as stated in a conversation by V. Buj, MPH [April 2022]. Thus, based on

the observations made on this data set, utilization of skilled birth assistance within a subna-

tional region of a country would be able to be estimated by knowing the population size of

zero-dose children who reside in this portion of the country.

Unscheduled services vs. scheduled services

With the selection of our metric for a zero-dose community analogue variable determined and

confirmed to match prior approaches and the operational definition, we began to examine if

there was any relationship between DTP1 coverage and utilization/ access to scheduled ad

unscheduled health care services. With this distinction in place, a split in behavior was generally

able to be observed between how zero-dose communities relate to access to care for other ser-

vices. Based on the data sets used in this analysis and the geographical resolution provided, we

noticed that while there was an observed linear relationship when scheduled treatment services

were examined, the trend was not as clear for unscheduled services. While at least a weak linear

relationship was observed for Vitamin A supplementation in two of the three countries exam-

ined (notably those that are experiencing a crisis with armed conflict as a key component as

opposed to a migration-based crisis as is the case in Bangladesh), the R2 value was generally

lower, indicating that the association was not as prevalent compared to the birth and pregnancy

related services observed. That said, in all three countries, there always was a significant associa-

tion between DTP1 coverage and scheduled services even if the association was not always linear

such as with Vitamin A supplementation. This seemed to indicate that not only do zero-dose

communities have a different relationship between scheduled and unscheduled services, but

these relationships are even more nuanced allowing the linear association to appear more

strongly (or even at all) for pregnancy related services compared to other types of services. This

was irrespective of a service’s classification as a scheduled or unscheduled service. In the conflict

regions examined, this contrast was even more stark. We note here though the focus of this man-

uscript was not to compare the underlying sources of these emergencies nor to compare access

to care in emergency settings vs. access to care in non-emergency settings though such result

might be useful for further investigation. Overall, for healthcare planners, this means that by

knowing the proportion of children in zero-dose communities within a subnational region of a
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country, estimates can be made for the degree of access to or utilization of these scheduled ser-

vices (and birth assistance), with an increasingly more accurate prediction made for antenatal

care and skilled birth assistance compared to other services, especially in countries where the cri-

sis is largely conflict driven and more systemic. Furthermore, based on this analysis, it appears

that even if the exact size of the zero-dose population is unknown for certain locations, health-

care planners can still work to determine which areas are most in need of assistance in increasing

the access to care for scheduled services by determining which locations are likely to have the

greatest zero-dose population. This relative, priority order type approach can provide quick

insight into the ground situation even in locations where data may be more limited, similar to

the “ideal” vaccination approach mentioned earlier in the discussion section. This approach

would, however, be insufficient for unscheduled services related to illness treatment due to the

lack of observed linearity between zero-dose communities and access to these types of care ser-

vices based on the data used for this analysis which included both facility and community-based

health workers. We note that while a linear relationship was not seen between zero dose commu-

nities and services related to illness treatment, for the three samples that did result in significant

association by Chi Squared analysis (but not linear regression) this could mean that the relation-

ship at this level is more complicated than a linear relationship or simply that such a linear rela-

tionship may only be observable at a more local level. As such, future work can further search

for a relationship between zero-dose communities (and by proxy vaccination status) and access

to illness treatment healthcare services, especially at an even more local, perhaps district, level.

Limitations

We note that this analysis does have limitations. One such limitation is the DRC specific data.

As some of the emergency conditions are more localized to a few specific subregions in the

country (the local dataset) the regression analysis on this portion of the data only had four data

points. This means each point contributes more heavily to the line of best fit, making it more

susceptible to the impact from any outliers. Furthermore, such a small sample set here means

that linear relationships (and any statistical findings) could be observed by chance. To help

counter these limitations, analysis was done not only within these few specified local regions but

also across all areas of the country at this same government level as a means of comparing this

smaller sample size against a more statistically robust data set. In many cases the trends seen in

the local data set are similar to the national level, but in a few cases (such as the treatment for

diarrhea) there is a difference between these two data sets with the local set resulting in an R2

that is ~50 times larger, most likely indicating that this behavior is due to the small sample size.

Likewise, we note that in this analysis, even the most statistically robust data set (Afghani-

stan) had only about 20 data points for the linear analysis. While the data sets could be pooled

together to create a supranational data set to increase statistical power, we believe this

approach would have added additional complications and limitations. One such example is

that since the data was collected within each country separately, combining these data points

could possibly result in the addition of country-country confounding factors as well as tempo-

ral confounding factors given that although each survey was the most recent version, they were

each performed over different timeframes. Thus, we opted to keep each country separate and

use all the information provided at this level to make the findings as robust as possible despite

the ultimately smaller size.

An additional data-based limitation presents itself during the analysis of illness based treat-

ment services, specifically with regards to treatment of cough/fever. We note that conjoining

cough and fever may result in a flawed analysis since “fever” is usually the first symptom for

seeking care, especially in the DRC where malaria is such a high burden. In these locations

PLOS ONE Assessing the relationship between zero-dose communities and access to selected primary healthcare services

PLOS ONE | https://doi.org/10.1371/journal.pone.0281764 February 16, 2023 10 / 14

https://doi.org/10.1371/journal.pone.0281764


with a large number of malaria cases, cough would be a secondary symptom, which in addition

to rapid diagnostic tests would help distinguish between upper respiratory infections and

malaria. This cough/fever metric was used as while the DHS data set had information on fever

episodes, there was no information specifically regarding treatment for fever or treatment for

cough; treatment data was only recorded as “treatment for cough/fever”. Based on the region

and overlap with Malaria, and the lack of a respiratory infection section, this most likely is

done specifically to filter out treatment for Malaria and focus just on potential respiratory

infections. Despite this assumption, in an effort to be more direct and clearer in our analysis

the name was left unchanged from the titles in the DHS data sets.

Furthermore, while we initial perform a Chi Squared analysis to determine if there is any

association between the variables we examined, we note that if there is an association this anal-

ysis only looks to see if that association is a simple linear relationship between the variables

described. Thus, while linear predictions might not be possible due to a lack of a linear associa-

tion, that does not necessarily mean that such an analysis using a different regression approach

would result in a lack of association; a different relationship may exist that relates the depen-

dent and independent variables examined in this report, which is what would be expected for

the comparisons that saw an association via Chi Squared but not linear regression.

Conclusion

In this analysis, we examined the relationship between zero dose communities in healthcare

emergency settings and access to healthcare services. To this end, we have observed at the sub-

national level that DTP1 vaccination status was a good indicator for zero-dose communities

and resulted in a stronger set of linear relationships compared to MCV for the prediction of

coverage for other vaccines. Furthermore, we noticed a split in behaviors depending on the

type of services examined, a distinction we have previously not seen in the literature on this

topic. DTP1 coverage saw no linear relationship with unscheduled, illness related treatment

services and thus could not be used to make predictions on this facet of health, however linear

relationships were observed when examining all scheduled health services as well as birth assis-

tance, a non-illness unscheduled treatment service. Thus, in health emergency/ humanitarian

settings, DTP1 coverage is the best proxy for labeling a community as zero-dose and is linearly

associated with access and utilization of antennal care, skilled birth assistance, and to a lesser

degree vitamin A supplementation. As such DTP1 coverage can be used as an indirect measure

of these metrics, even though this was not the case for the treatment for childhood diseases

such as diarrhea and cough/fever which saw no linear association with DTP1 coverage.

Supporting information

S1 Fig. Univariate linear regression between DTP1 vaccination coverage and coverage for

other common vaccines in DRC. Column A shows how the inclusion of caregivers’ responses

improve the linear fit compared to the relationships in column B which only considered a

child vaccinated if their vaccination card contained the appropriate vaccine information. In

this case, a difference was observed between the strength of the relationship observed in

regions with conflict compared to the entire country.

(TIF)

S2 Fig. Linear regression between MCV vaccination coverage and coverage for other com-

mon vaccines in DRC. Column A shows how the inclusion of mothers’ responses improve the

linear fit compared to the relationships in column B which only considered a child vaccinated

if their vaccination card contained the appropriate vaccine information. In this case, a
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difference was observed between the strength of the relationship observed in regions with con-

flict compared to the entire country.

(TIF)

S3 Fig. Univariate linear regression between DTP1 coverage and coverage for other com-

mon vaccines in Afghanistan. Column A shows how the inclusion of mothers’ responses

improve the linear fit compared to the relationships in column B which only considered a

child vaccinated if their vaccination card contained the appropriate vaccine information. This

trend was not observed for either dose of the Polio vaccine, though the strengths of the fit were

similar for both metrics used.

(TIF)

S4 Fig. Univariate linear regression between MCV vaccination coverage and coverage for

other common vaccines in Afghanistan. Column A shows how the inclusion of mothers’

responses improve the linear fit compared to the relationships in column B which only consid-

ered a child vaccinated if their vaccination card contained the appropriate vaccine informa-

tion. Unlike for DTP1 This trend did not breakdown for either Polio vaccine dose.

(TIF)

S5 Fig. Univariate linear regression between DTP1 coverage and coverage for other com-

mon vaccines in Bangladesh. Column A shows how the inclusion of mothers’ responses

improve the linear fit compared to the relationships in column B which only viewed a child as

vaccinated if their vaccination card contained the appropriate information. This trend was

especially apparent for DTP3, MCV, and Polio3 as the card only metric led to no linear rela-

tionship being observed, while the all sources data saw linear relationships for all cases.

(TIF)

S6 Fig. Univariate linear regression between MCV vaccination coverage and coverage for

other common vaccines in Bangladesh. Column A shows how the inclusion of mothers’

responses improved the linear fit compared to the relationships in column B which only

viewed a child as vaccinated if their vaccination card contained the appropriate information.

This trend was especially apparent for DTP1, Polio1 and Polio3 as the card only metric led to

no linear relationship being observed, while the all sources data saw linear associations for all

of these vaccines.

(TIF)

S1 Text. Additional insight into the results of the supplemental figures. The accompanying

supplemental contains additional statistical information for S1–S6 Figs. This is done to present

the results of these supplemental figures with a degree of detail similar to the result section of

the main manuscript.
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