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ABSTRACT 

Childhood Immunization has been identified as the most cost-effective health 

intervention in the last century. It is estimated to save more than two millions lives 

annually. Completion, timeliness and sequencing of routine vaccination as 

recommended by the World Health Organization is very crucial for maximum 

protection of children against specific infections. Existence of non-specific effects-

effects other than prevention of specific infection–have been documented and could 

be linked to vaccination timeliness and sequencing. The objective of the study was to 

determine the prevalence and determinants of vaccination coverage and delays among 

children aged 12-23 months and establish the relationship with subsequent morbidity, 

anthropometry and, mortality in two Nairobi informal settlements. The study targeted 

households with children aged 12-23 months. Data from the Maternal and Child Health 

longitudinal study run by Nairobi Health and Demographic Surveillance System and 

collected between 2007 and 2014 was used. Structured data collection tools were used 

to collect data from mothers or guardians with children aged between 12 and 23 

months. Proportions and medians were used to determine vaccination coverage and 

levels of delays respectively. Logistic regression models were used to identify 

determinants of full immunization and delays. Cox regression and Generalized 

Estimation Equation models were used to assess relationship between immunization 

patterns and morbidity, anthropometry and mortality respectively. The findings 

indicated that 67% of the children were fully immunized and 22% received their 

vaccinations out-of-sequence. Mother's education level, post-natal care, and health 

facility delivery were identified as the determinants of being fully immunized. Place 

of delivery was identified as the determinant of out-of-sequence. A significant 58% 

(p=0.017) and 64% (p<0.001) decreases in child mortality was observed for being fully 

immunized and immunized in recommended sequence respectively. A non-significant 

35% (p=0.159) reduction in hospitalization cases was observed for being fully 

immunized. Vaccine completion was significantly associated with 0.13 (p=0.002) and 

0.12 (p=0.006) increase in weight-for-age and weight-for-height z-scores respectively. 

More focus is needed on making sure all children are immunized on time and as per 

schedule. The low immunization coverage and age-specific vaccination can easily be 
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improved by targeting disadvantaged groups. Particular attention is needed on the 

uptake of the measles and the third doses of polio and pentavalent vaccines. Further 

research is needed to determine the effects of each routine vaccine other than 

preventing the specific infection.



1 

CHAPTER ONE 

1 INTRODUCTION 

1.1 Background information 

The routine immunizations which are vaccines given for children aged below one year 

have been used in the prevention of the main childhood infections such as tuberculosis, 

diphtheria, pertussis, tetanus, and polio for the last couple of decades. The World 

Health Organization (WHO) estimates that 2.5 million lives are saved annually by 

vaccinating children (WHO, 2008). Each of the vaccines is for prevention of specific 

infection, and implementation has been successful to a point of complete eradication 

of smallpox and elimination of poliovirus transmissions in nearly all regions of the 

world (GPEI, 2013) with the exception of Pakistan and Afghanistan which have 

outbreaks of a few cases (WHO, 2016). Thus the overall result of full immunization 

coverage is a reduction in child mortality and morbidity.  

The WHO through the Expanded Program on Immunization (EPI), recommends 

specific schedules of the recommended vaccines; Bacillus Calmette Guérin (BCG) and 

oral polio vaccine (OPV) at birth, pentavalent (Diphtheria-Tetanus-Pertussis (DTP), 

Haemophilus influenza type B and Hepatitis B virus antigens vaccine) and OPV at 6, 

10, and 14 weeks and measles vaccine (MV) at 9 months of age. More recently, new 

vaccines have been added to the schedule, for instance, the Pneumococcal Conjugate 

Vaccine (PCV) at 6, 10 and 14 weeks were also added to the Kenya vaccination 

schedule (Moszynski, 2011). For vaccine effectiveness, high coverage is required for 

both individual and herd immunity (Anderson, 1992). Immunization coverage has 
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been low especially in low-income countries as compared to the developed countries 

(WHO, 2014). The WHO has been in the forefront in strategizing on ways of 

improving the coverage levels and over the years coverage has been increasing for 

most developing countries.  

The improvement in immunization coverage of the last decade is commendable, but 

in measuring the full immunization coverage, timeliness and sequencing of 

immunization have not been taken into account, yet they are an integral part of the 

success of the immunization program. A lot of children especially in the developing 

countries, receive their immunization much later than the recommended schedule and 

to some extent, they get their vaccines in an out-of-sequence manner (ECDC, 2009). 

Few studies have documented the levels of early, delayed and out-of-sequence of the 

routine childhood vaccination and their consequences on child health (Aaby, Ibrahim, 

et al., 2006; Benn et al., 2012).  

Recent studies have demonstrated that failure to adhere to recommended schedule can 

result in non-specific effects (NSE) – effects that go beyond protection against the 

specific infection (Hirve et al., 2012; Kabir et al., 2005; A. Roth et al., 2005; Welaga 

et al., 2012). The NSEs can be either beneficial or detrimental and are more 

pronounced depending on the sequencing and timing of vaccines administration 

(Aaby, Ibrahim, et al., 2006; Hornshoj et al., 2012). Such NSEs may have major 

implications for child morbidity and mortality in high-mortality areas. Therefore, 

understanding these effects will go a long way in maximizing the benefits of the 

routine vaccination and thereby help to address the third goal of the 2030 agenda for 
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sustainable development (UN, 2014) of “Ensuring healthy lives and promoting well-

being for all at all ages.” 

Just like the overall global full immunization coverage hides the disparity existing 

between the developed and developing countries, there exist disparities in full 

immunization coverage within countries, when comparing the rural and urban areas 

and even within the urban areas, immunization coverage differs between formal and 

informal settlements. Many studies have documented the characteristics of children 

who get fully immunized by the age of twelve months in different settings. On the 

other hand, very few studies have documented the characteristics of children who have 

delays in their immunizations. For the success of the immunization programs in 

improving the immunization uptake and full coverage, it is important to identify, both 

the determinants of full and delayed immunization. The identification will help the 

government and other vaccination program implementers to know and target a specific 

group of children who are disadvantaged. 

Most of the vaccines developed over the years involved development and testing of 

specific vaccines for a particular infectious disease. Interactions between vaccines and 

other interventions have rarely been examined. Efficacy of a vaccine against a specific 

infection is assumed to lead to similar effectiveness even though the effectiveness may 

be influenced by other interventions and individual level factors.  

Administration of two vaccines simultaneously may modify the effect of the same 

vaccines in sequence (P. Aaby et al., 2007; Aaby, Ibrahim, et al., 2006; Aaby, Jensen, 

et al., 2006; Aaby, Vessari, et al., 2006; Benn et al., 2008). Vaccines are sometimes 
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not available and may therefore not be given as recommended; the sequence is often 

delayed, or many vaccines maybe all given at the same time, for instance, BCG and 

DTP or DTP and MV may be administered simultaneously. In most developing 

countries, more than half of the children are getting such out-of-sequence combined 

vaccinations (Benn et al., 2009). There is little scientific justification for the current 

recommendations; e.g. OPV is given at birth, but no study was conducted to examine 

interactions between OPV and BCG when OPV was introduced. Studies have 

consistently shown that MV and DTP simultaneously are associated with higher 

mortality than MV alone (Agergaard et al., 2011; Benn et al., 2012; J.E. Veirum et al., 

2005). On the other hand, beneficial effects have been reported when combining BCG 

and DTP in reducing the negative effect of DTP (Aaby et al., 2009; Aaby et al., 2004). 

Hence, the estimates on which current policies are developed on may be 

underestimating or overestimating the effects of vaccination/immunization. 

Randomized control trials (RCTs) are the most appropriate methods to test these 

effects scientifically as compared to the observational studies, but given the 

importance of the vaccines in the prevention of these childhood infections, it would be 

unethical to deny a child of a known therapy that can prevent illness. Therefore, 

observational studies are the only options for assessing these effects. More 

observational studies are needed to get evidence-based policies for most important 

interventions to improve the monitoring of interventions in different regions, examine 

interactions between interventions and study the effects of different variations in the 

implementation of current policy.  
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Alternatively, natural experiments offer a different avenue for assessing the effects of 

vaccinations programs on child health. If there are sudden changes in program 

implementation due to vaccines lacking or stopped during a war, effects of missing 

certain vaccines or receiving vaccine later than scheduled can be assessed. Such 

“natural experiments” have shown strong NSEs of vaccines, for example, vaccinations 

stopped during the war (Aaby et al., 2002), and when OPV could not be administered 

with BCG due to a shortage of OPV (Sartono et al., 2010).  

If observational studies and the ‘natural experiments’ suggest consistent patterns it 

may be justified to conduct new RCTs (Prentice et al., 2009) to test different variations 

in current practice, e.g. giving or not giving DTP and MV simultaneously or giving or 

not giving Vitamin A supplements (VAS) with DTP. This study intent is to contribute 

to this process by providing evidence of the NSEs from an urban poor settlement 

population’s perspective. 

Locally there are substantial variations in how vaccinations are implemented that 

provide many possibilities for assessing the likely importance of NSEs. From a long-

term perspective, the potential modifications in policies and practices which appear to 

have the largest impact on child health will have to be tested in randomized studies. 

This study aimed at measuring the level of vaccination coverage, the frequency of 

delay and sequencing of the routine vaccinations in an urban poor settlement and 

compare child health indicators between children who receive their vaccine late and in 

an out-of-sequence manner to those who receive vaccines on time with the correct 

sequence of administration. The study used longitudinal data routinely collected in the 

Nairobi Urban Health and Demographic Surveillance System (NUHDSS) 
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implemented in two informal urban settlements, Korogocho, and Viwandani, in 

Nairobi City by the African Population and Health Research Center (APHRC). 

1.1 Problem statement 

The Demographic Health Surveys (DHS) (Murray et al., 2003) has been used to 

estimate the vaccination coverage in many countries over the years. These estimates 

have shortcomings, given the surveys are based on retrospective data collection which 

is prone to both recall and selection biases. The Health and Demographic Surveillance 

Systems (HDSS) offers alternative methods of validating the DHS estimates (Ettarh et 

al., 2012; Mutua et al., 2011) with the limitation on population coverage.  

Most developing countries lag behind the developed countries with regards to 

vaccination coverage. Even within the countries with overall low coverages, there is 

disparity within the country regarding different factors such as education level, wealth 

status, area of residence, distance to a health centre, vial opening policies, availability 

of vaccines, and ethnic group among other factors. The WHO set Immunization 

coverage targets for all countries as part of ‘decade of vaccine’ initiative. Through the 

global vaccines action plan (GVAP), the strategy aims at a coverage of 90% for all the 

childhood routine immunizations and more than 80% in each the districts for all 

countries. 

The disparities and difficulties in access to vaccination leads to many children being 

disadvantaged and ending up not getting fully immunized, and when they are 

immunized, they may not have been vaccinated as per the recommended schedule. 

Children end up getting their vaccines earlier or later than the recommended age and 
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sometimes getting vaccines together or after another vaccine which is recommended 

to be given later and not before or together. Few studies in Kenya have tried to quantify 

the levels of vaccination delays and sequencing and their effects on childhood health.  

While studies have documented the determinants of lack of RI completion among 

infants, very few have looked at the determinants of lack of completion among the 

disadvantaged groups, for example, children in informal urban settlements. 

Worryingly none has looked at the determinants of delayed or out-of-sequence 

immunization. The second aim of this study looks at determinants of lack of 

completion of the RI in disadvantaged urban poor settlement area of Nairobi as well 

as identifying the determinants of delayed immunization among children aged 12-23 

in the study area. 

Evidence from studies conducted in West African countries have shown DTP to have 

detrimental effects (P. Aaby et al., 2007; Agergaard et al., 2011; Benn et al., 2012; 

Sankoh et al., 2014) and BCG and measles to have beneficial effects on child health 

(Aaby, Martins, Garly, et al., 2010; Aaby et al., 2015; Kabir et al., 2005; A. Roth et 

al., 2005; Sankoh et al., 2014). There is no information available on vaccination delays 

among the urban poor living in informal settlements and how they impact on child 

health. Therefore, there is need to evaluate and test formally the different interactions 

of the RI to ascertain their effectiveness in prevention of the targeted infections. 

Studies have documented the existence of the NSEs of the RI (Agergaard et al., 2011; 

Higgins et al., 2014; Sankoh et al., 2014). The NSEs so far have only been documented 

in a few regions or countries. This study examined the relationship between 
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vaccination coverage and the probability of a child being hospitalized or child survival 

in an urban informal settlement setting. 

1.2 Justification  

The focus of the vaccination programs has been on immunization coverage with little 

attention on the process in term of timeliness and sequencing. There is evidence that 

delays in vaccinating children or vaccinating children in different sequence than 

recommended may lead to a change in the effectiveness of the vaccines. The delays 

increases the time a child is at risk of the targeted infections (specific effects) and/or 

missing out on the protective effects against other unrelated infections (non-specific 

effects). Very few studies in Kenya have looked at the timeliness of vaccines given to 

children and almost none has looked at the effects of the different immunization 

patterns on child health. Most of the evidence so far have come from West African 

countries, and in particular from Guinea Bissau. Therefore, more evidence is needed 

from other parts of the world and in particular from developing countries where 

immunization coverages are low and vaccination delays are high. This evidence will 

help to ascertain levels of vaccination delays and sequencing and the effect on child 

health. This need, formed the basis of this study which will add to the body of 

knowledge on immunization process and its benefits in developing countries and also 

provide a basis for recommendations to inform policy and practice towards 

immunization coverage. The two sites, Korogocho and Viwandani were chosen due to 

the already existing structures of a demographic surveillance system with defined 

population. 
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1.3 Objectives 

1.3.1 General objective 

To determine vaccination coverage and delay, determinants and outcomes among 

children aged 12-23 months in Korogocho and Viwandani informal settlements. 

1.3.2 Specific objectives 

The specific objectives of this study were be as follows; 

i. To determine vaccination coverage and delays among children aged 12-23 

months in Korogocho and Viwandani urban informal settlements. 

ii. To establish the determinants of vaccination coverage and delays among 

children aged 12-23 months in Korogocho and Viwandani urban informal 

settlements. 

iii. To determine the relationship between vaccination coverage and delays and 

child health outcome among children aged 12-23 months in Korogocho and 

Viwandani urban informal settlements. 

1.4 Research questions 

The study sought to answer the following research questions: 

i. What are the vaccination coverage and delays among children aged 12-23 

months in Korogocho and Viwandani urban informal settlements? 

ii. What are the determinants of vaccination coverage and delays among children 

aged 12-23 months in Korogocho and Viwandani urban informal settlements? 

iii. How are vaccination coverage and delays associated with child health 

outcomes?  
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CHAPTER TWO 

2 LITERATURE REVIEW 

2.1 History and successes 

Since the first discovery of the vaccines more than a century ago, great strides have 

been made in discovering new vaccines for major infectious diseases in the world 

(CDC, 1999). The vaccination program has led to the aversion of millions of childhood 

deaths every year (Bustreo et al., 2015) and it is also thought to be the most cost-

effective medical interventions for reducing under-five morbidity and mortality 

worldwide (CDC, 1999). The success of the immunization programs includes 

containment of the infectious diseases and complete eradication of some – smallpox 

and soon poliomyelitis (Fenner et al., 1988). The WHO in its effort to improve 

immunization coverage among children in developing countries launched EPI in 1974 

(Chan, 2014). The immunization coverages improved during that period in many 

developing countries, but millions of children worldwide still did not receive their 

routine vaccine during their first year of life (WHO, 2002a) by 2000. The so-called 

‘decade of vaccination’ started in 2005 with the formation of the Global Immunization 

Vision and Strategy (GIVs) (Bilous et al., 2006; WHO, 2005) by the World health 

assembly. The GIV's mandate was to reduce vaccine-preventable disease morbidity 

and mortality by two-thirds by 2015 (UNICEF, 2002). The GIVs targeted to immunize 

more people against more diseases and targeted the world poorest countries (WHO, 

2005).  
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In compacting the common vaccine-preventable diseases, WHO came up with specific 

immunization schedule which is common to all settings. The immunization schedule 

could vary from time to time with the addition of new vaccines (Duclos et al., 2011; 

Moszynski, 2011) , and may differ from region to region depending prevalence of the 

specific vaccines-preventable diseases for instance yellow fever which is mainly 

limited to West and Central Africa, South America, and Panama (Brenzel et al., 2006). 

The basic Routine Immunization (RI) (Steinglass, 2013) covers all vaccines 

recommended for children within the first year of life. RI has been the focal point in 

evaluating immunization programs (WHO, 2014). The WHO classifies a child as fully 

immunized with all basic vaccinations if the child has received; BCG vaccine against 

tuberculosis at birth, three doses of polio vaccine against poliomyelitis virus at six, ten, 

and fourteen weeks of age, three doses of pentavalent vaccines against diphtheria, 

tetanus, pertussis, hepatitis B, Haemophilus influenza B infections at six, ten, and 

fourteen weeks of age and measles vaccine at nine months of age (WHO, 2013).  

The importance of monitoring performance of vaccination programs can never be 

overstated. Identifying countries with lower vaccines coverage, and the disadvantaged 

groups within countries that are under-served is critical. Global vaccination coverage 

has been on the increase with 86% of all infants worldwide being vaccinated with three 

doses of DTP/pentavalent vaccine in 2014 (WHO, 2014). Similarly, in the last decade, 

there has been a marked improvement in access to the routine childhood vaccines and 

also the development of new vaccines which has led to more children being vaccinated 

(Kyaw et al., 2006). This improvement has greatly improved child survival by 

reducing the under-five mortality from 9.6 million in 2000 to 6.3 million in 2013 
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(WHO, 2015). Despite the progress, significant coverage gaps between countries and 

also within countries still exists. The average coverage for pentavalent 3/DTP 3 and 

measles-containing vaccines in developing countries is estimated at 16% and 15% 

below that of developed countries in 2010, respectively (WHO, 2011b). In Kenya, the 

difference is more pronounced when comparing urban and rural areas (KNBS, 2015). 

The coverage in urban areas is significantly different among the urban poor as 

compared to the affluent and the middle-income areas (Mutua et al., 2011). Currently, 

immunization coverage in Kenya stands at 79.4%, with regional proportions varying 

from 55.6% in North Eastern to 93.3% in the Central Province (KNBS, 2015). The 

proportion of under two year old children in Nairobi who are fully vaccinated stands 

at 81.2% (KNBS, 2015), which is much higher compared to the estimate (68.5%) for 

the urban poor settlement areas also within Nairobi (Egondi et al., 2015). This low 

level is also observed in facilities serving the informal settlements in Nairobi (Borus, 

2004). 

2.2 Timeliness and sequencing 

The timing of vaccine is important for effectiveness and safety of the vaccine. Timely 

administration of vaccines has implications for the success of childhood immunization 

programs and a timely start of immunization is important in the first year of life as the 

transplacental immunity declines rapidly (Heininger et al., 1992). In practice, although 

a few children might be vaccinated early, many are vaccinated late (Ndiritu et al., 

2006) reducing the impact of vaccine programs on disease burden especially in high-

risk groups (Heininger et al., 2006). The routine vaccines administered to children 

before the age of six weeks (excluding BCG and polio at birth) have shown poor 
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response and in some cases could be detrimental to infants as they reduce the immune 

response of subsequent doses (ECDC, 2009). Similarly there is need to observe the 

minimum recommended age for different vaccines which are normally based on the 

youngest age group at risk for the specific infections where vaccine safety and efficacy 

have been demonstrated. Therefore giving doses earlier than scheduled or given closer 

to each other may lead to less optimal immune response (ECDC, 2009). On the other 

hand, when a child’s vaccine is delayed, the interval between doses/vaccines is 

increased, and the optimal vaccine protection may not be attained (ECDC, 2009). 

Simultaneous vaccination (pentavalent, polio and PCV doses) increases the chance 

that a child will be fully vaccinated on time and hence improve age specific vaccines 

coverage (Kroger et al., 2012; National Vaccine Advisory Committee, 2003). 

However, the out-of-sequencing, early or delays of vaccines may affect child survival. 

Several studies have documented various reasons causing delays in the administration 

of vaccines and its impact. Measles and BCG vaccines are known to have NSEs when 

given on time. DTP containing vaccines, on the other hand, does not seem to have 

beneficial NSEs (Aaby, Ibrahim, et al., 2006; Benn et al., 2012; Kabir et al., 2005; A. 

Roth et al., 2005; J.E. Veirum et al., 2005; Welaga et al., 2012). 

Few studies have documented timeliness and sequencing of routine vaccinations in 

Sub-Saharan Africa. A study done in Ghana in 2010 revealed that 44% of children 

aged 12-23 months had their measles vaccine delayed (Gram et al., 2014). In Burkina 

Faso, approximately 40% of children aged 12-23 months had their polio, and 

pentavalent doses delayed (Schoeps et al., 2013). In an earlier study in the same study 

area as the current study, delays in MV was estimated at 20% among boys and 24% 
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among girls (Ettarh et al., 2012). Timely immunization have been documented in 

several studies (Clark et al., 2009; Ettarh et al., 2012; Fadnes, Jackson, et al., 2011; 

Laryea et al., 2014; Mutua et al., 2015; Sadoh et al., 2009), however almost none of 

these studies have looked at the levels of out-of-sequence. 

2.3 Determinants of immunization coverage 

Despite the effectiveness of the routine childhood vaccines in preventing and 

eradicating diseases, the uptake remains suboptimal. It is estimated that 17% of 

children are not fully immunized worldwide (WHO, 2011a). A large number of non-

vaccinated children represent a risk to the resurgence of infectious diseases under 

control for example measles (Sugerman et al., 2010) and pertussis (Atwell et al., 2013) 

and re-emergence of infectious diseases already eliminated (Rainey et al., 2011). 

Vaccination completion and timeliness of vaccination is much lower in developing 

countries compared to the developed world (WHO, 2014). Immunization coverage 

gaps exist within countries, depicting the inequities in the provision of health services 

(WHO, 2014). Several studies have documented factors influencing vaccination 

completion (Akmatov et al., 2007; Bondy et al., 2009; Butler et al., 2015; Cui et al., 

2007; Danis et al., 2010; Fatiregun et al., 2012; Rainey et al., 2011; Rocha et al., 2015; 

Tauil Mde et al., 2016) and timeliness (Fadnes, Nankabirwa, et al., 2011; Gibson et 

al., 2015; Hutchings et al., 2016; Lernout et al., 2014; Moisi et al., 2010; Schoeps et 

al., 2013; Tauil Mde et al., 2016). These factors can broadly be classified into factors 

related to the child, parental attitude, and knowledge, family social context and health 

care services (Tauil Mde et al., 2016). The main determinant of vaccine completion 
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and timeliness is the low households’ social-economic status which is mainly 

concentrated in rural and urban informal settlements. 

2.4 Immunization status and child health 

2.4.1 Child nutrition status 

Child under-nutrition is a major health problem in developing countries (WHO, 

2002b). Even with the modest progress made in the last decade (UNSCN, 2011), 

under-nutrition, estimated at 17%, 33%, and 8% for underweight, stunting and wasting 

of under five-year children respectively (McGuire, 2015) is still very high. Under-

nutrition increases one's susceptibility to infections and contributes immensely to 

illness and death from disease with an estimated 45% of deaths of children under-five 

can be linked to malnutrition (Black et al., 2013). The deaths are mainly due to the 

increased risk due to infectious diseases (Black et al., 2008). Studies have linked child 

under-nutrition to infectious disease (De Romana et al., 1989; Martorell et al., 1980) 

and hence any health measures which reduces the burden of an infectious disease leads 

to improved child nutrition, this includes water and sanitation (Behrman et al., 1987) 

and maternal education (Barrera, 1990).  

Immunization programs have been successful in compacting many infectious diseases 

over the years and by extension it can be linked to improved child growth (Anekwe et 

al., 2012). Fully immunized children are less likely to get infections which mean their 

growth will not be impeded and hence less likely to be undernourished. Frongillo et 

al. (Frongillo et al., 1997) and Milman (Milman et al., 2005; Thomas et al., 1996) in 

cross-country studies, showed a significant association between immunization 

coverage and prevalence of wasting and stunting respectively. Another study 
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conducted in Kwale district, Kenya, child immunization status was found to be a 

significant predictor of linear growth (Adeladza, 2009). in a study to evaluate the 

impact of the immunization program in India, Anekwe et al. (Anekwe et al., 2012) 

found immunization status of a child helped to increase the height-for-age and weight-

for-age Z-scores of the child. These growth benefits may not be directly from 

vaccination but rather from the vaccination program as a whole. This study explores 

the relationship between vaccination status as a proxy for vaccination program and 

under-nutrition levels in Nairobi urban informal settlement in Kenya. 

2.4.2 Childhood hospitalization 

Routine childhood immunizations have tremendously reduced the risk of vaccine-

preventable infections globally. The WHO estimates up to two and a half million 

under-five children die every year due to vaccine-preventable infections (WHO, 2014). 

More children could be saved from severe infections, cost of hospitalization, and 

deaths by increasing coverage and optimizing the use of the RI (WHO, 2005). Several 

studies have documented how vaccination status, timing, and sequencing affects the 

severity of infections and mortality (P. Aaby et al., 2007; Aaby, Martins, Bale, et al., 

2010; Biai et al., 2011; Rodrigues et al., 2006; Valentiner-Branth et al., 2007). In a 

study conducted in Guinea-Bissau looking at the risks of hospitalization by vaccination 

status and sequence of vaccinations, Biai sidu (Biai et al., 2011) found out that having 

measles vaccine only as the most recent vaccination was associated significantly with 

the lowest risk of hospitalization. The risk of hospitalization depended on adherence 

to the immunization schedule with children receiving DTP with or after MV being 

associated with higher risk.  
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2.4.3 Childhood mortality 

Studies conducted in Guinea-Bissau, have demonstrated that; live, attenuated vaccines 

(BCG, measles, and polio vaccines) have beneficial effects particularly for girls (Aaby, 

Jensen, et al., 2006) in terms of child survival. Measles vaccine has been shown to 

have a beneficial effect on child survival in many studies, an effect which cannot be 

explained by prevention of measles. A 30-40% reduction in mortality is found in most 

studies that have looked at effects of measles vaccine on child mortality (P. Aaby et 

al., 2003; Aaby, Martins, et al., 2012; Aaby et al., 1995; Sorup et al., 2014). The 

beneficial effect has also been documented in randomized control trials showing 

similar or even stronger effects, (Aaby, Martins, Garly, et al., 2010; Martins et al., 

2014). Observational studies have also suggested a non-specific beneficial effect of 

BCG (Adam Roth et al., 2006; A. Roth et al., 2005; Adam Roth et al., 2004). BCG 

has been shown to reduce neonatal mortality by 45% (12%-65%) among low birth 

weight children who do not receive BCG at birth (Biering-Sorensen et al., 2012). 

Inactivated vaccines such as DTP, hepatitis B (HBV), and inactivated polio vaccine 

(IPV) may have negative effects for girls. For all three vaccines, girls have higher 

mortality than boys (Aaby et al., 2002; Garly et al., 2004; J. E. Veirum et al., 2005). 

The DTP vaccine studies in Africa have shown a consistent pattern of higher female-

to-male mortality when DTP vaccine is the most recent vaccine. Female-to-male 

mortality is increased in the age in which DTP is the predominant vaccine, and declines 

once the children get MV (Aaby, Ibrahim, et al., 2006; Aaby, Vessari, et al., 2006).  

All the studies conducted so far suggests that the most recent vaccination affects the 

immune system (P. Aaby et al., 2007; Knudsen et al., 1996; Sankoh et al., 2014; Sorup 
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et al., 2014) and changing the sequence of vaccinations may affect how the immune 

system reacts to an infection and the overall mortality (P. Aaby et al., 2007; Aaby, 

Ibrahim, et al., 2006; Sankoh et al., 2014). The World Health Organization 

recommends BCG and OPV vaccines at birth, DTP or pentavalent and OPV vaccines 

at 6, 10 and 14 weeks and MV at nine months old. Changing the sequence of 

vaccination may have important consequences on child health. For instance, the high-

titre measles vaccine (HTMV) introduced by the WHO was withdrawn in 1992 after 

studies showed it was associated with higher mortality for girls in Guinea-Bissau and 

Senegal (Peter Aaby et al., 2003) and Haiti (Holt et al., 1993). But after the data was 

reanalysed, MV was the most recent vaccine for most girls after nine months of age 

and MV had a beneficial effect (Aaby et al., 1995). HTMV was introduced at 4-5 

months of age and most children received DTP/IPV after HTMV. The change was 

associated with a two-fold increase in mortality for girls but mattered little to 

boys(Peter Aaby et al., 2003). Therefore, the high mortality for girls was not due to 

HTMV as such but due to receiving DTP/IPV rather than MV as the most recent 

vaccine. Changing the sequence of DTP and standard MV, i.e. providing DTP after 

standard MV, has similar effects (Peter Aaby et al., 2007). However, changing the 

sequence of BCG and DTP, i.e. providing BCG after DTP, has a beneficial effect for 

girls, but the effects were not significant in boys (Aaby et al., 2009; Aaby et al., 2004). 

Additionally, BCG-revaccination after booster DTP was associated with a strong 

reduction in mortality in an RCT (A. E. Roth et al., 2010). 
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2.5 Conceptual framework 

The World Health Organization through its EPI program targets to improve RI 

coverages globally in order to reduce or completely eradicate major childhood 

infections. Vaccines program has been hugely successful in the prevention of the 

specific targeted infections. Studies have also shown vaccines to be having NSEs with 

BCG, MV and OPVs demonstrating beneficial effects while DTP or pentavalent 

exhibiting detrimental effects (Sankoh et al., 2014). NSEs can be maximized by 

optimizing the use of the RI by improving coverage and timeliness. Developing 

countries still lag behind with low immunization coverage and poor timeliness (WHO, 

2014). Several factors have been identified as determinants of a child being fully 

immunized. Studies have documented the determinants of a child being fully 

immunized by 12 months of age, but few have looked at factors contributing to delayed 

or out-of-sequence vaccination. By identifying the determinants of vaccination delays 

and out-of-sequence, vaccination programs implementers will be able to identify the 

disadvantaged group for targeted interventions.  

The conceptual framework presented in Figure 2.1 summarizes potential demographic, 

socioeconomic, and cultural factors which could be possible determinants of a child 

being fully immunized (FIC) by the age of twelve months and also being fully 

immunized with the correct sequence (FIC-IS) in the study setting. The framework 

summarizes the potential linkages between FIC or FIC-IS and childhood nutrition 

status, hospitalization, and mortality. 
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Figure 2.1: Hypothetical model for the study of the epidemiology and impact of vaccination coverage among children aged 12-23 months 

Adapted from (Mosley et al., 1984) 
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CHAPTER THREE  

3 MATERIALS AND METHODS 

3.1 Study design 

Ambi-directional cohort study design was used to evaluate the three study objectives. 

Exposure to routine immunization was evaluated when the child was between 12 and 

23 months of age. The study outcomes of interest were assessed when the child was 

between age 12 and 36 months. Some of the study outcomes had occurred prior to the 

start of the study or the children were already older than 3 months, hence their records 

were evaluated retrospectively. The rest of the children had either not yet experience 

the outcomes of interest or they were not yet 36 months of age and children were 

followed until they attained the age of 36 months or the end of study. Immunization 

coverage, timing and out-of-sequence and associated risk factors (objective #1 & #2) 

were determined at the start of the study for children aged between 12 and 23 months 

at the first visit after attaining the age of one year.  Relationship between immunization 

exposure (full coverage, delays, and sequencing) and child health (hospitalization, 

anthropometry and mortality) (Objective #3) were assessed at the end of the study. In 

ambi-directional cohort studies, both aspects of prospective and retrospective studies 

are present. Subjects are selected by exposure which has already occurred. Some of 

the study outcomes have occurred prior to the start of the study (retrospective cohort 

study) but some outcomes have not yet occurred and subjects will be followed into the 

future (prospective cohort study). The common features of cohort designs are that 
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subjects are selected by exposure and followed over time (real or past) to identify 

outcomes in the future.   
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3.2 Study area 

The study was conducted in two informal settlements of Nairobi (Korogocho and 

Viwandani) as shown by the map in Figure 3.1, where the APHRC run the NUHDSS. 

The two communities had an estimated population of about 75,922 in approximately 

30,000 households as of the end of 2012. These settlements have high unemployment, 

poverty, poor sanitation, crime and poorer health indicators as compared to Nairobi in 

general (APHRC, 2002; Emina et al., 2011). The informal settlements normally have 

limited health services as there is no single public health facility within the area, they 

can only access health services at the public health facilities in the neighboring 

communities: Six health facilities are located in the neighborhood of the two 

settlements. Several private and non-governmental health facilities located within or 

near the settlements offer health services to the residents. The area was chosen because 

of the existing NUHDSS which has been running in Korogocho and Viwandani 

settlement areas for over ten years. The NUHDSS has been following up the 

population every four months collecting both background factors, health status and 

movement of the population under surveillance. A maternal and child health project 

within the NUHDSS has been collection information on the vaccination status of all 

children in the two settlements area since September 2006. The project has been 

described in detail elsewhere (Mutua et al., 2016; Mutua et al., 2015). 
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Figure 3.1: Map of the study areas
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3.3 Study population 

The target population was mothers with children age between 12 and 23 months and 

living in the study area. Children aged 12-23 months were targeted because that is the 

age when children are expected to have received all the childhood routine 

immunization as recommended by WHO as well as the age used to evaluate 

immunization coverage.  

3.4 Inclusion criteria 

 Women with children aged 12-23 months at the time of the interview living 

in the study area 

 Had a vaccination card seen by the research assistant. 

 Women who read the informed consent and agreed to be interviewed 

3.5 Exclusion criteria 

 Children with no vaccination card at the time of interview 

 Children who were sick at the time of interview 

 Children whose mother did not consent to be interviewed. 

3.6 Sampling 

3.6.1 Sample size 

The study took advantage of the NUHDSS framework which had collected 

information on immunization, anthropometry, morbidity, hospitalization and mortality 

on children in the study area for the period 2007 to 2013. This study used all the 

available data in the existing NUHDSS database and collected additional data for those 
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whose information was not yet collected because they had not attained the age or they 

were due for follow up visits. 

3.6.2 Sampling frame 

The sampling frame was all women with children aged 12 to 23 months and lived in 

the study area between September 2006 and January 2013, and their records existing 

in the NUHDSS database. The study area, Korogocho, and Viwandani has an 

approximate 1,500 births each year and totalled to approximately 10,500 children 

during the period under consideration. This study used all available data on children 

recruited in the NUHDSS study from February 2007 to December 2013. This frame 

provides a perfect platform to use the readily available data to answer our research 

question in the current study. Additional follow-up data was collected for children who 

were below the age of 36 months at the start of the current study. 

3.7 Data collection tools 

The maternal and child health component of the NUHDSS used structured data 

collection tool (appendices III and IV) to collect information from mothers with 

children aged 12 to 23 months and lived in the study area. The data collection tool was 

divided into different sections collecting information about the health of child, mother 

and household characteristics. The information collected included, background 

characteristics, pregnancy, anti-natal, delivery, postnatal, parity, child feeding, 

morbidity, routine childhood vaccination and anthropometric measures. Childhood 

hospitalization was introduced in 2011. The data collection tool was translated into 

Kiswahili before being administered in the field. Data collection tools were piloted 
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before the full data collection exercise was conducted. The data collection tool was 

adapted for this study to collect additional data from mothers with children recruited 

in the current study and needed more follow up data collection visits. 

3.8 Data Collection 

Mothers with children aged 12 to 23 months were identified from the database and 

inclusion and exclusion status established. For mothers who met the inclusion and 

exclusion criteria and had follow-up data up to three years of age no additional data 

was collected. For mothers with children who met inclusion criteria but did not have 

follow-up data up to three years of age in the NUHDSS database, additional data was 

collected every fourth month until they attained the age of three years or the end of the 

study. Anthropometry measurements, including weight and height, were collected 

during each time a child was visited for an interview. The weight and height data were 

used to compute the weight-for-age, height-for-age, and weight-for-height Z-scores. 

Data collection was done by trained research assistants recruited within the 

participating community and with a minimum secondary level education. The research 

assistants were trained on good research skills, data collection, and data management 

practices. 

3.9 Data processing 

Data were captured from the data collection tools (Appendix III and IV) using data 

entry screens developed using Visual Basics software and stored in a SQL server 

database hosted at APHRC. All data processing, management and analysis were 

conducted using STATA statistical software version 13.1.  
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3.9.1 Fully immunized child (FIC) 

A child was classified as FIC if the child had received within the first 12 months of 

life, eight doses of the routine immunization (one BCG vaccine dose immediately after 

birth, three polio vaccine doses given at 6, 10 and 14 weeks, three pentavalent vaccine 

doses vaccines which are given at 6, 10 and 14 weeks and one measles vaccine dose 

given at nine months of age) as recommended by WHO. To establish the effect of 

receiving measles vaccine as the last vaccine on child health, an indicator fully 

immunized child excluding the measles vaccine (FICm) was used. A child was 

classified as FICm if the child had received within the first 12 months of life, seven 

doses of the routine immunization (one BCG vaccine dose, three polio vaccine doses, 

three pentavalent vaccine doses vaccines. An indicator, fully vaccinated child at the 

time interview visit (FICv) was also considered for analyses for children receiving 

some of their vaccines past 12 months of age. A child was classified as FICv if the 

child had received eight doses of the routine immunization (one BCG vaccine dose, 

three polio vaccine doses, three pentavalent vaccine doses vaccines and one measles 

vaccine dose) by the time of the first visit between ages 12 to 23 months. 

3.9.2 Timeliness of Immunization (early and delayed) 

The timeliness of each vaccine was assessed by comparing the date the vaccine was 

administered with the recommended age for administration of each vaccine. Delayed 

immunization was defined as any vaccine given to a child two or more weeks later 

than the recommended age and one month later for measles vaccine. Early 

immunization was defined as vaccine/dose (polio, pentavalent or measles) given more 

than four days before the recommended age. 
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3.9.3 Immunization sequence 

Fully immunized children were further assessed and classified based on the 

recommended sequence of administering the routine vaccines. A child was classified 

as FIC in-sequence (FIC-IS) if the child was fully vaccinated by the age of 12 months 

and all the vaccines were in-sequence and FIC out-of-sequence (FIC-OS) if the child 

was fully immunized by the age of 12 months but some vaccines were out-of-sequence. 

A vaccine was classified as FIC-OS if any of the following scenarios was satisfied: 

i. BCG given together with any pentavalent, second, third or fourth doses of polio 

or measles vaccines 

ii. Pentavalent and polio doses not being given together respectively 

iii. BCG, pentavalent or polio doses given after measles vaccine. 

3.9.4 Childhood nutrition status 

Anthropometric z-scores - height-for-age (chronic malnutrition), weight-for-age 

(acute malnutrition) and weight-for-height (chronic and acute malnutrition) were 

computed and used to assess nutrition status. Child’s weight, height, sex, and age at 

every visit were used in the computations. The WHO Anthro software version 3.2.2 

and the STATA ‘igrowup’ macro (WHO, 2011c) were used to calculate the indicators 

of the attained growth standards. The exact z-score of a child was computed using the 

formula: 

Measured value - Average value in the reference population

Standard deviation of the reference population
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The value is then compared to the values of average from the reference group minus 

two and minus three standard deviations. The child is then classified 

stunted/wasted/underweight if the respective z-scores (height-for-age, weight-for-

height or weight-for-age) is less than minus two (two standard deviations below the 

average) 

3.9.5 Childhood hospitalization 

All cases of hospitalization were recorded during each visit for each child. Reasons, 

date and duration the child was hospitalized were recorded. The number of 

hospitalization cases occurring between the age of 12 months and 36 months of age 

were assessed. Hospitalizations due to injuries were excluded from the analysis. 

3.9.6 Childhood mortality 

All deaths occurring in the study area are recorded during the routine household visits 

by the NUHDSS data collection team. The dates when the death occurred, and the 

cause of death were recorded. Childhood mortality between the ages of 12 and 36 

months were assessed. Deaths due to accidents were excluded from analysis. 

3.9.7 Household wealth status 

Principal component analysis method was used to generate a wealth index for each 

household using different household possessions and ammenities. The household 

possessions included ownership of motor vehicle, motorcycle, cooking stove, 

television, refrigerator, livestock, bed, bicycle, video player, iron, lamp, phone, radio, 

sewing machine, sofa, table, torch, wall clock, phone source of water toilet type, floor 

type, wall type, cooking place, fuel cook. The wealth index was then used to classify 
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the households in the study area into three (tertiles) distinct and equal groups, lower 

(with lowest wealth indices), middle (with wealth indices in the middle ) and upper 

(with highest wealth indices) 

3.10 Data analysis 

3.10.1 Descriptive statistics  

Proportions were used to summarize categorical variables while the mean, median, and 

standard deviation were used to summarize continuous variables. Individual vaccine 

coverage was computed by dividing the number of children who received a particular 

antigen by the total number of children in the study. The FIC coverage by 12 months 

of age was computed by dividing the number of children who had all the eight 

recommended antigens by the total number of children in the study. Vaccination 

delay/early was computed for each antigen by dividing the number of children whose 

vaccination was delayed or given earlier by the total number of children in the study. 

The proportion of children receiving vaccines in out-of-sequence was computed by 

dividing the number of children whose vaccines were given out-of-sequence by the 

total number of FIC children. Chi-square test of independence was used to test the 

association between the outcomes of interest by the different categorical factors of 

interest. The median test was used to compare the median age by different factors of 

interest. The median test performs a nonparametric K-sample test on the equality of 

medians. It tests the null hypothesis that the K-samples were drawn from populations 

with the same median. 
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3.10.2 Logistic regression models  

Potential factors associated with coverage and timing of immunization were assessed 

using logistic regression. The outcome variables of interest were binary FIC or not FIC 

for immunization coverage and FIC-OS or FIC-IS for the timing of immunization. 

First, logistic regressions for each of the available factors were fitted. The unadjusted 

p-values were then used to select variables to be included in the multiple logistic 

model. All variables from the bivariate logistic models with a p-value less than 0.25 

were included in the multiple model. estimated margins were then used to estimate 

both the unadjusted and adjusted prevalence ratio (PR) and their corresponding 95% 

Confidence Interval (CI) of the strength of association between an independent 

variable and the dependent variable (Deddens et al., 2008; Thompson et al., 1998). 

The PR indicates how large the prevalence of an outcome in one group of individuals 

is with a given attribute compared to another group without the attribute. 

3.10.3 Kaplan-Meier curves, Cox proportion hazards regression models 

Survival analysis modeling techniques were used to assess the time-to-event (death or 

hospitalization) data. This analysis focusses on the time elapsing before an event is 

experienced. In this study, our events of interest are death and hospitalization cases. 

The observations for each child in the study noting the length of time when no event 

was observed and an indicator at the end of the study of whether the event occurred or 

not were assessed. Individuals who by the end of the study period did not experience 

the event of interest are ‘censored’. Hazard ratio to measure the effect of a factor on 

the time to the event of interest was used. Hazard ratio can be interpreted as a ratio of 

two instantaneous risks. Kaplan-Meier curves were used to describe the survival data 
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and compare the FIC versus Not FIC, FIC-IS versus FIC-OS survival curves. 

Unadjusted and adjusted Cox proportional hazards regression were used to assess the 

relationship between vaccination patterns (FIC, FICm, FICv and FIC-IS) and time-to-

hospitalization, and time-to-death. Schoenfeld residuals were used to test the 

proportional hazards assumption in the Cox models (Fisher et al., 1999). 

Multiple failure-time data or multivariate survival data occur when either more than 

two events (failures) occur for the same individual, or when same events occur to 

related individual such in a family. The failure times are correlated within an individual 

which violates the independence of failure times (Kelly et al., 2000). Therneau 

(Therneau et al., 1997) suggestion that for analyses that failure events should be 

classified according to whether they have a natural order, and that they are recurrences 

of the same types of events was followed. In this study, the hospitalizations fit the 

description; the hospitalizations cases are ordered from first hospitalization, second 

hospitalization and so on. Data was analysed by excluding the dependencies between 

failure times and use the covariance matrix of the estimators adjusting to account for 

the additional correlation, which gives robust standard errors. For repeated events 

(hospitalizations cases) Nelson-Aalen (NA) estimator was used to describe the failure 

data. Children did not have any follow-up visit after the first visit between 12-23 

months where a vaccination card was observed were excluded from analysis.  

3.10.4 Generalized estimating equation 

Generalized estimating equation (GEE) was used to assess the relationship between 

immunization patterns and child growth between the ages of one to three years in the 

study area. The generalized estimating equation is very useful when analyzing data 
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which has correlated observations such as data with repeated measures on the same 

individuals or clustered data (Liang et al., 1986). GEE models produce correct 

standard errors and p values for the regression coefficients by using a robust estimation 

of standard errors to allow for the clustering or correlation. The model makes use of a 

working correlation matrix reflecting the average dependence among the 

correlated/clustered observations. GEE models give the odds of having an outcome of 

interest (e.g. higher z-scores) between two distinct groups (e.g. vaccinated versus non-

vaccinated) 
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CHAPTER FOUR  

4 RESULTS 

4.1 Background characteristics 

A total of 3,827 out of 10,035 (38%) children met the inclusion criteria and were 

included in the analysis for the first and second objectives. Sixty-two percent of the 

children were excluded due to lack of an interview visit where a vaccination card was 

seen between 12-23 months of age. A further 610 children were excluded from the 

mortality analysis due to luck of at least one follow-up visit to access the outcome of 

interest. A total of 34 deaths were recorded during the period of study, 1,694 children 

were followed up to the maximum of follow up time (36 months). A total of 1,489 

children did not attained the maximum age of follow up by the end of the study and 

hence were censored. A further half of the children (1,681) were excluded from the 

time-to-hospitalization analysis because data on hospitalization was not collected prior 

to 2011. A total of 54 hospitalizations were recorded between 2011 and 2014 from 26 

children. 

Figure 4.1 show a histogram of age at visits for all visits superimposed with age at first 

visit with a card seen between 12-23 months (and child is alive) and visits used for full 

immunization coverage analysis. 
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Figure 4.1: Histogram of age of the child at all visits 

The study population had slightly more males (50.4%) overall, there were more males 

in Korogocho (51.6%) and slightly more females in Viwandani location (50.6%). 

Majority of children were delivered in health facilities (83.1% overall, 84.2% in 

Korogocho and 82.1% in Viwandani). Slightly higher proportion of the mothers were 

aged below 25 years (54.4%), 84.3% were married or living together with a spouse, 

92.1% attended post-natal care, 69.1% had attained primary or less level of education 

overall, with a higher proportion of mothers in Viwandani with secondary or above 

(35.3%) compared with Korogocho at 15.4% (Figure 4.1). 
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Table 4.1: Background characteristics for children aged 12-23 months 
Background Characteristic Korogocho % Viwandani % Total %
Childs gender  

Male 51.6 49.4 50.4
Female 48.4 50.6 49.6

Mothers age  
11-20 27.5 20.7 23.9
21-24 27.0 33.6 30.5
25-29 23.1 25.4 24.3
30-55 19.5 16.8 18.1

Mothers education level  
Primary 79.3 60.2 69.1
Secondary+ 15.4 35.3 26.1

Mothers parity  
One 27.3 36.7 32.3
Two 28.3 32.9 30.7
Three and above 44.1 30.1 36.6

Mothers ethnicity     
Kikuyu 30.8 20.0 25.0
Luhya 21.8 15.1 18.2
Luo 24.6 8.2 15.9
Kamba 6.3 35.2 21.7
Other 13.9 17.8 16.0

Household wealth status  
Lower 64.2 4.8 32.5
Middle 21.6 40.1 31.5
Upper 10.8 50.7 32.1

Year of visit     
2008 22.9 25.7 24.4
2009 6.6 9.1 7.9
2010 11.3 10.4 10.8
2011 17.1 14.6 15.8
2012 25.7 23.6 24.6
2013 12.8 10.3 11.5
2014 3.5 6.4 5.0

% attended post-natal care 86.4 97.0 92.1
% delivered from Health Facility 84.2 82.1 83.1
% who were married 79.0 88.8 84.3
N 1784 2043 3827



38 

A higher proportion of mothers in Korogocho were classified in the lower wealth 

tertile (64%) compared to Viwandani where the majority were classified in the upper 

wealth tertile (50%), 44.1% of the mothers had a parity of three or more in Korogocho 

compared 30.1% in Viwandani. 

4.2 Vaccination coverage by 12 months of age 

Overall FIC coverage by age 12 months was estimated to be 66.6% in this study. FIC 

coverage in Korogocho was estimated at 58.1%, significantly lower than that of 

Viwandani at 74.1%. Coverage of the different antigens/doses were all above 90% 

apart from polio dose at birth (78.6%), measles (81.2%), second dose of PCV (87.2%) 

and third doses of pentavalent (87.2%), polio (85.7%) and Pneumococcal conjugate 

vaccines (74.0%). All the specific antigens coverages were significantly different 

between Viwandani and Korogocho apart from BCG and OPV 1. FIC at the time of 

visit was estimated slightly higher than FIC at 12 months 68.1% overall (59.7% in 

Korogocho and 75.5% in Viwandani). Overall FICm was estimated at 78.3% (71.2% 

in Korogocho and 84.5% in Viwandani). Significant differences were observed in 

coverage of all the routine vaccines apart from BCG, polio at birth, and first doses of 

polio and pentavalent. The overall coverages (FIC, FICm, and FICv) were significantly 

different between the two locations, p-values <0.001 for each (Table 4.2) 
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Table 4.2: Vaccination coverage by 12 months of age by location and FIC status 

Type of 
vaccine 

Korogocho Viwandani  NOTFIC FIC Total 

% % 
p-

value
% % % 

   N=1784 N=2043  N=1277 N=2550 N=3827 

BCG 97.1 97.2 0.889 91.4 100 97.1 

OPV1 98.8 99.3 0.080 97.2 100 99.1 

OPV2 94.6 98.4 0.000 89.8 100 96.6 

OPV3 80.6 90.3 0.000 57.2 100 85.7 

Penta1 98.8 99.2 0.214 97.1 100 99.0 

Penta2 95.2 97.8 0.000 89.7 100 96.6 

Penta3 82.5 91.3 0.000 61.7 100 87.2 

MV 75.3 86.3 0.000 43.5 100 81.2 

FIC 58.1 74.1 0.000  100 66.6 

FICm 71.2 84.5 0.000 35.1 100 78.3 

FICv 59.7 75.5 0.000 4.5 100 68.1 

   N=751  N=823  N=563  N=1011   N=1574  

PCV1 87.6 97.8 0.000 84.6 97.6 93.0 

PCV2 78.6 95.1 0.000 73.7 94.8 87.2 

PCV3 61.8 85.2 0.000 52.6 86.0 74.0 
Proportions significantly different at 5% level of significance are highlighted in bold 

Kaplan-Meier coverage curves for each antigen ranged from 75% and above (Figure 

4.2). The curves are not touching the 100% mark since children who are not FIC are 

included. The coverage curves for BCG, OPV 1, OPV 2, pentavalent 1 and pentavalent 

2 are very close to the 100% mark showing most of the children received the vaccines. 

The curves for the third doses of pentavalent and polio vaccines rises slightly above 

the 75% mark which means around 25% of the children were not vaccinated with the 

third doses of pentavalent and polio. The curve for the measles vaccine rises up to 75% 

mark indicating that 75% of the children received their measles vaccine between the 

ages of 9-12 months. The curves also shows that overall, most children receive their 

vaccination on time as the curves are more upright. The respective pentavalent and 

polio curves reveals a proportion of children are not receiving their pentavalent and 
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polio doses on the same day. The curves also reveals a number of children are receiving 

their vaccines earlier than the recommended age as the curves are not starting exactly 

at the recommended age. 

 

Figure 4.2: Vaccination coverage curves by each antigen by 12 months of age 

Immunization coverage curves for each vaccine by FIC status for the whole period are 

shown in Figure 4.3. The curves for each vaccine by definition end at 100% for FIC 

children. Vaccination timing among FIC are remarkable especially for the polio and 

pentavalent doses almost upright apart from a few children who received them a bit 

later. The MV and BCG coverage curves appear less upright. The coverage curves 

among the NOTFIC children does not reach 100% and are less upright compared to 

FIC children which show that more NOTFIC children have their vaccines delayed 

compared to FIC. Results from Log-rank tests showed significant differences in 

Kaplan–Meier curves between third doses of polio and pentavalent (P-value 0.004) 

and non-significant differences between the first doses (P-values=0.242) and second 

doses (P-value=0.054) of polio and pentavalent vaccines respectively. Significant 
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differences (P-value <.001) in Kaplan-Meier curves of each antigen by FIC status were 

observed from log-rank tests. The curves also reveals children receiving vaccines 

earlier than the recommended age as the curves are not starting exactly at the 

recommended age for both FIC and NOTFIC children. The NOTFIC curves shows 

that more than half missed measles vaccination and more than a third of the children 

missed the third doses of pentavalent and polio. 

 
Figure 4.3:Vaccination coverage curves by each vaccine and FIC status by 12 months of age 
 

4.3 Timeliness of immunization 

4.3.1 Median age of immunization 

The median age and Interquartile range (IQR) of each antigen are summarized in Table 

4.3. The overall median age for BCG was estimated at six days (IQR 1-14) for FIC, 

significantly lower than eight days (IQR 2-17) for NOTFIC children. The median age 

for the third dose of pentavalent was estimated at 107 (102-114) and 110 (103-126) 
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days for FIC and NOTFIC children respectively. The median age for the third dose of 

polio was estimated at 111 (104-129) days for NOTFIC and 107 (102-116) days for 

FIC children. The median age for the MV was estimated at 282 (275-294) days among 

FIC children and 290 (277-323) days for NOTFIC children. Overall median age for all 

vaccines were significantly lower for FIC compared to NOTFIC children.  There was 

an overall decreasing trend in the median age of immunization for all the routine 

vaccine over the years.
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Table 4.3: Median age and interquartile range (in days) of the routine immunizations by FIC status and year of visit 

FIC status & 
Year of visit 

BCG OPV1 OPV2 OPV3 Penta1 Penta2 Penta3  Measles 

M (IQR) M (IQR) M (IQR) M (IQR) M (IQR) M (IQR) M (IQR) M (IQR) 
NOTFIC 2008 

p-value 
12 (4;22) 

<0.001 
50 (44;69) 

<0.001
85 (75;110) 

<0.001
115 (106;150) 

<0.001
47 (43;61) 

<0.001
82 (73;105) 

<0.001
112 (102;135) 

0.001
290 (277;339) 

<0.001
2009  

p-value 
10 (3;17) 

0.064 
46 (43;67) 

0.055
82 (73;104) 

0.002
109 (103;135) 

0.060
45 (42;55) 

0.674
79 (73;  95) 

0.084
109 (105;127) 

0.029
288 (275;313) 

0.126
2010 

p-value 
11 (5;26) 

0.237 
47 (43;59) 

0.002
82 (73;99) 

0.002
112 (104;126) 

0.126
47 (43;59) 

0.005
82 (74;102) 

0.002
109 (103;120) 

0.232
287 (277;301) 

0.009
2011 

p-value 
6 (1;13) 

0.497 
50 (43;73) 

<0.001
84 (74;111) 

<0.001
112 (104;140) 

0.335
47 (43;57) 

0.013
80 (73;  96) 

<0.001
113 (104;125) 

0.033
286 (276;318) 

0.078
2012 

p-value 
5 (2;13) 

0.048 
47 (43;53) 

<0.001
81 (75;101) 

<0.001
111 (105;126) 

<0.001
47 (43;55) 

<0.001
81 (75;101) 

<0.001
110 (104;132) 

0.003
293 (279;341) 

0.002
2013 

p-value 
7 (2;16) 

0.030 
46 (42;51) 

0.140
77 (73;91) 

.014
108 (103;116) 

0.283
46 (42;53) 

0.621
78 (74;  90) 

0.010
108 (103;116) 

0.121
291 (280;310) 

0.033
2014 

p-value 
10 (3;23) 

0.029 
45 (42;71) 

0.943
77 (73;102) 

0.931
110 (104;123) 

0.414
46 (42;58) 

0.373
77 (73;  96) 

0.930
108 (102;117) 

0.886
286 (277;367) 

0.353
2008-2014 

p-value 
8 (2;17) 
<0.001 

47 (43;61) 
<0.001

81 (74;104) 
<0.001

111 (104;129) 
<0.001

47 (43;57) 
<0.001

80 (74;99) 
<0.001

110 (103;126) 
<0.001

290 (277;323) 
<0.001

FIC      2008 8 (2;17) 45 (42;50) 75 (72;84) 108 (102;120) 45 (42;49) 75 (72;81) 106 (101;115) 282 (275;295)
2009 7 (1;16) 45 (42;47) 75 (71;80) 106 (102;115) 45 (42;48) 75 (72;81) 106 (102;118) 282 (274;294)

2010 9 (2;17) 45 (42;49) 75 (72;82) 107 (102;115) 45 (42;49) 75 (72;81) 107 (102;114) 280 (274;293)

2011 6 (1;13) 45 (43;49) 77 (72;85) 109 (103;123) 45 (43;49) 76 (72;81) 108 (102;116) 281 (275;295)

2012 4 (1;10) 44 (42;47) 75 (72;79) 106 (102;112) 44 (42;48) 75 (72;80) 106 (102;113) 284 (276;294)

2013 5 (1;12) 45 (42;48) 75 (72;79) 106 (102;112) 45 (42;49) 76 (72;79) 107 (103;112) 285 (276;295)

2014 5 (2;10) 45 (42;50) 77 (74;83) 108 (104;119) 45 (42;50) 77 (73;81) 108 (104;116) 283 (275;292)

2008-2014 6 (1;14) 45 (42;48) 75 (72;81) 107 (102;116) 45 (42;48) 75 (72;81) 107 (102;114) 282 (275;294)
Penta1,2,3 = Pentavalent 1,2,3 vaccines doses, M=Media, IQR= interquartile range 
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4.3.2 Immunization delays 

Overall, a quarter of the children received BCG more than two weeks after birth. In 

each of the vaccines administered at least 14% of the children got it more than two 

weeks later than scheduled with the third doses of OPV (34.5%), pentavalent (32.3%) 

and, measles (38.5%) vaccines recording highest proportions of delays. The magnitude 

of delays increased with subsequent doses for polio and pentavalent vaccines. The first 

dose of the polio had 16% of the children with delayed vaccination, a further 10% had 

their second polio dose delayed and 8% had their third polio dose delayed. The first 

dose of the pentavalent had 14% of the children with delayed vaccination, a further 

9% delayed their second pentavalent dose and 9% more delayed their third dose. A 

further 18% and 4% of the children received measles vaccine more than one and three 

months late respectively. The levels of vaccination delays were significantly higher 

among children from Korogocho area for OPV 1, 2, 3 (p-values <0.001), pentavalent 

1, 2, 3 (p-values <0.001) and measles (p-values <0.002) vaccines compared to 

Viwandani area. Levels of vaccination delays were significantly high among the 

NOTFIC children for all routine vaccination compared to FIC children (p-values 

<0.001)  (Table 4.4). 
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Table 4.4: Vaccination delays by vaccine type, location and FIC status 

Type of 
vaccine 

Korogocho Viwandani  NOTFIC FIC  Total 

%   %  
P-

value 
%  %  

P-value 
%  (N) 

BCG 24.4 26.2 0.211 30.5 23.0 0.000 25.4  (3717) 

OPV0 19.9 19.3 0.688 23.4 17.9 0.000 19.6  (3008) 

OPV1 22.0 11.3 0.000 28.7 10.2 0.000 16.3  (3791) 

OPV2 34.7 19.2 0.000 43.1 18.6 0.000 26.2  (3697) 

OPV3 45.6 25.9 0.000 45.1 31.5 0.000 34.5  (3281) 

Penta1 18.4 11.0 0.000 25.1 9.2 0.000 14.4  (3790) 

Penta2 30.8 17.5 0.000 38.9 16.8 0.000 23.6  (3696) 

Penta3 40.7 25.7 0.000 41.6 29.4 0.000 32.3  (3338) 

Measles 41.6 36.1 0.002 51.3 35.1 0.000 38.5  (3106) 
Measles (1 

month) 
22.2 14.7 0.000 34.1 13.7 0.000 18.0  (3106) 

Measles (3 
months) 

5.7 2.6 0.000 18.7 0.0 0.000 4.0  (3106) 

     
PCV1 49.7 27.6 0.000 45.0 33.9 0.023 37.6  (1463) 

PCV2 58.2 32.5 0.000 52.1 39.8 0.002 43.6  (1373) 

PCV3 61.9 38.2 0.00 53.4 45.9 0.132 47.8  (1165) 
Penta1,2,3 = Pentavalent 1,2,3 vaccines doses. Vaccination delays define as vaccine given more than two 
weeks after recommended date 

4.3.3 Early immunization 

Overall, 3.3%, 2.7% and 8.4% of the children received their polio 1, pentavalent 1 and 

measles vaccines earlier than recommended age respectively. Approximately 4.9% of 

the children received MV more than 14 days before the recommended age. The 

proportion of early immunization was significantly higher among the NOTFIC 

compared to FIC children for pentavalent doses (P-values, 0.005, 0.029 and 0.001 for 

first, second and third doses respectively) and the first polio dose (P-value=0.010). 

Early immunization was significantly higher among children in Korogocho compared 

to Viwandani for all polio and pentavalent doses and the third PCV dose (P-

values<0.05) (Table 4.5).  
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Table 4.5: Early vaccination by vaccine type and location and FIC status 

Type of 
vaccine 

Korogocho Viwandani  NOTFIC FIC Total 

% (N) % (N) 
p-

value 
% (N) % (N) % (N) 

OPV1 4.3  (1762) 2.4  (2029) 0.001 4.3  (1241) 2.8  (2550) 3.3  (3791) 

OPV2 2.3  (1687) 0.9  (2010) 0.001 1.7  (1147) 1.5  (2550) 1.6  (3697) 

OPV3 1.3  (1437) 0.6  (1844) 0.030 1.1  (  731) 0.9  (2550) 0.9  (3281) 

Penta1 3.3  (1763) 2.2  (2027) 0.043 3.8  (1240) 2.2  (2550) 2.7  (3790) 

Penta2 1.9  (1699) 1.0  (1997) 0.016 2.0  (1146) 1.1  (2550) 1.4  (3696) 

Penta3 1.6  (1472) 0.7  (1866) 0.016 2.2  (  788) 0.8  (2550) 1.1  (3338) 

Measles 7.5  (1343) 9.2  (1763) 0.092 7.0  (  556) 8.8  (2550) 8.4  (3106) 
Measles (2 

weeks earlier) 
4.8  (1343) 4.9  (1763) 0852 4.8  (  556) 4.9  (2550) 4.9  (3106) 

Measles (1 
month earlier) 

2.3  (1343) 1.8  (1763) 0.324 1.9  (  556) 2.1  (2550) 2.0  (3106) 
    

PCV1 1.8  (  658) 1.4  (  805) 0.392 1.9  (  476) 1.4  (  987) 1.6  (1463) 

PCV2 1.3  (  590) 0.5  (  783) 0.070 1.2  (  415) 0.7  (  958) 0.9  (1373) 

PCV3 1.9  (  464) 0.3  (  701) 0.003 1.0  (  296) 0.9  (  869) 0.9  (1165) 

Proportions significantly different at 5% level of significance are highlighted in bold. Early 
vaccination defined as vaccine given more than four day before recommended age 

4.3.4 Immunization sequencing 

Proportion of children fully immunized with all recommended routine childhood 

vaccines but in a different sequence from the recommendations (FIC-OS) is 

summarised in Table 4.6. Overall, 21.8% of FIC children were FIC-OS. The levels of 

FIC-OS were significantly higher among mothers from Korogocho location at 30.6% 

compared to Viwandani at 15.8% (p-value <0.001). The main cause of being FIC-OS 

was not receiving pentavalent and polio doses together at 18.3% overall, with 

significantly higher proportion in Korogocho at 27.0% compared to Viwandani at 

12.3% (p-value <0.001). Four percent of the children received their BCG vaccine 

together or after pentavalent or measles vaccine. 
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Table 4.6: Out-of-sequence vaccination for FIC children by location 

  Vaccination pattern 

K
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1 BCG together or after Pentavalent/Measles 4.3 3.8 0.464 4.0 

2 Pentavalent and Polio doses NOT given together 27.0 12.3 0.000 18.3 

3 Pentavalent given together or after Measles 1.1 0.7 0.271 0.8 

4 Fully immunized children in out-of-sequence (1 or 2 or 3) 30.6 15.8 0.000 21.8 

 N (FIC only) 1,036 1,514  2,550 
 

Approximately 60% and 17% of children who were not FIC were missing only one or 

two vaccines respectively. A significantly higher proportion of NOTFIC children in 

Viwandani (65.6%) were missing one vaccine compared to Korogocho (56.7%). A 

significantly higher proportion of NOTFIC children in Korogocho (6.0%) were 

missing five or more vaccines compared to Viwandani at 2.5%. About 6.6% became 

fully vaccinated after 12 months of age. The main vaccines missing were OPV3 

(41.8%), MV (46.4%) and pentavalent 3 (38.2%). Korogocho location had 

significantly higher number of children missing the second (12.2%, P-value <0.05) 

and third (45.7%, P-value<0.05) doses of polio and third dose (41.6%, P-value<0.05) 

of pentavalent compared to Viwandani. Significantly higher numbers of children from 

Viwandani location were missing BCG vaccine compared to Korogocho (9.8% vs. 6.6, 

P-value <0.05). Overall, majority (46.4%) of the NOTFIC children were missing the 

measles vaccine (Table 4.7). 
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Table 4.7: Number of missing vaccines and type of vaccines missing by location 

Vaccines missing 
Korogocho Viwandani Total p-value

% % % 
N  748 529 1277 
By number of vaccine 
missing 

   

None (FIC after 12 months) 5.8 7.8 6.6 0.001
One vaccine 56.7 65.6 60.4 
Two vaccines 19.1 14.2 17.1 
Three vaccines 7.6 7.0 7.4 
Four vaccines 4.8 3.0 4.1 
Five and above vaccines 6.0 2.5 4.5 

By type of vaccine missing   

BCG 6.6 9.8 7.9 0.032

OPV1 2.3 1.7 2.0 0.476

OPV2 12.2 5.3 9.3 <0.001

OPV3 45.7 36.3 41.8 0.001

Pentavalent1 2.7 3.0 2.8 0.709

Pentavalent2 11.2 8.7 10.2 0.140

Pentavalent3 41.6 33.5 38.2 0.003

Measles 48.1 44.1 46.4 0.150
  

OPV3 & Measles 15.4 9.5 12.9 0.002
Pentavalent3 & Measles 17.3 7.2 13.1 <0.001
OPV3 & Penta3 22.7 17.2 20.4 0.016
OPV3, Penta3 & Measles 11.4 6.1 9.2 0.001

Proportions significantly different at 5% level of significance are highlighted in bold 
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4.3.5 Determinants of vaccination coverage 

4.3.5.1 Determinants of FIC 

Results from logistic regression analyses of potential determinants of FIC (Table 4.8), 

shows children from mothers attending post-natal care were 24% more likely to be 

fully immunized compared children from mothers who did not attend for the 

unadjusted model. From the adjusted model, mothers who attends postnatal care (PR 

1.12, CI: 1.02:1.23), aged above 20 years (21-24 years (PR 1.08, CI: 1.00:1.16), 25-29 

years (PR 1.13, CI: 1.05:1.22) and 30+ years (PR 1.12, CI: 1.02:1.21)) and residents 

of Viwandani (PR 1.22, CI: 1.15:1.30) were statistically associated with higher FIC 

coverages (8-22%). In contrast, mothers with higher parity (Parity 2 (PR 0.89, CI: 

0.82:0.95) and Parity 3+ (PR 0.84, CI: 0.76:0.92)) and those not from Kikuyu or 

Kamba ethnic groups (Luhya (PR 0.93, CI: 0.85:1.00), Luo (PR 0.88, CI: 0.80:0.96) 

and others (PR 0.89, CI: 0.81:0.97)) were statistically associated with (7-16%) lower 

FIC coverages adjusting for all other factors. 
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Table 4.8:Unadjusted and adjusted logistic regression of association between 
background factors and FIC coverage 

Background factors 
Unadjusted Adjusted  

PR [95% CI] PR [95% CI] 
p-
values 

Child sex  Male 1.00 1.00   
Female 1.02 [0.97;1.06] 1.03 [0.98;1.08] 0.200 

Postnatal care No 1.00 1.00   
Yes 1.24 [1.13;1.35] 1.12 [1.02;1.23] 0.019 

Mothers age 11_20 1.00 1.00  

21_24 1.05 [0.99;1.12] 1.08 [1.00;1.16] 0.023 

25_29 1.06 [1.00;1.13] 1.13 [1.05;1.22]  

30_55 1.03 [0.95;1.10] 1.12 [1.02;1.21]  
Marital status Married 1.00 1.00  

Not 
married 

0.95 [0.88;1.02] 0.98 [0.90;1.05] 
0.536 

Mothers 
education 

Primary 1.00 1.00 
 

Secondary+ 1.12 [1.07;1.16] 1.04 [0.98;1.09] 0.210 
Health facility 
delivery 

Yes 1.00 1.00 
 

 No 0.92 [0.86;0.99] 0.96 [0.90;1.03] 0.311 

Parity Parity 1 1.00 1.00  
 Parity 2 0.92 [0.87;0.97] 0.89 [0.82;0.95] <0.001

  Parity 3+ 0.86 [0.80;0.91] 0.84 [0.76;0.92]  

Ethnic group Kikuyu 1.00 1.00  
 Luhya 0.88 [0.81;0.95] 0.93 [0.85;1.00] 0.006 
 Luo 0.81 [0.73;0.89] 0.88 [0.80;0.96]  
 Kamba 1.05 [0.99;1.10] 0.97 [0.90;1.04]  

  Other 0.89 [0.82;0.96] 0.89 [0.81;0.97]  
Wealth tertile Lower 1.00 1.00  
 Middle 1.14 [1.08;1.20] 0.97 [0.90;1.03] 0.079 
 Upper 1.13 [1.07;1.19] 0.91 [0.84;0.99]  

Location Korogocho 1.00 1.00  

  Viwandani 1.24 [1.20;1.29] 1.22 [1.15;1.30] <0.001
Estimates significantly different at 5% level of significance are highlighted in bold 
PR=Prevalence ratio CI=Confidence interval 
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4.3.5.2 Determinants of FIC-OS 

Regression analyses were also conducted considering only the fully immunized 

children. The FIC-out-of-sequence (FIC-OS) children were compared to those who 

received their vaccines as recommended (FIC in-sequence). Mothers who did not 

deliver from a health facility (PR 1.53, CI: 1.34:1.72) were statistically associated with 

a 53% higher FIC-OS compared to mothers who delivered in a health facility adjusted 

for all other factors. In contrast, mothers’ residents of Viwandani were statistically 

associated with a 69% (46-91%) lower prevalence of FIC-OS compared to mothers’ 

resident of Korogocho adjusting for all other factors. Post-natal attendance, mother’s 

education level, ethnicity, and wealth status were significant in the unadjusted model 

but insignificant after controlling for other factors in the model. All other factors 

considered were not statistically significant when controlling for other factors (Table 

4.9). 



52 

Table 4.9: Unadjusted and adjusted logistic regression of association between 
background factors and FIC-OS coverage 

Factors   
Unadjusted Adjusted  

PR [95% CI] PR [95% CI] 
p-
value 

Child sex Male 1.00 1.00  
 Female 1.03 [0.89;1.18] 1.06 [0.90;1.22] >0.05 

Postnatal care No 1.00 1.00  
 Yes 0.68 [0.43;0.94] 0.86 [0.56;1.16] >0.05 

Mothers age 11_20 1.00 1.00  
 21_24 0.82 [0.62;1.02] 0.89 [0.66;1.13] >0.05 
 25_29 0.80 [0.59;1.01] 0.88 [0.60;1.15]  
 30_55 0.94 [0.72;1.17] 0.98 [0.68;1.29]  

Marital status Married 1.00 1.00  
 Not married 1.17 [0.97;1.37] 1.02 [0.78;1.26] >0.05 
Mothers 
education 

Primary 1.00 1.00 
 

 Secondary+ 0.81 [0.63;0.99] 1.04 [0.86;1.23] >0.05 
Health facility 
delivery 

Yes 1.00 1.00 
 

 No 1.45 [1.28;1.61] 1.53 [1.34;1.72] <0.001

Parity Parity 1 1.00 1.00  
 Parity 2 0.96 [0.78;1.15] 1.04 [0.82;1.27] >0.05 

  Parity 3+ 1.07 [0.89;1.24] 1.02 [0.76;1.29]  

Ethnic group Kikuyu 1.00 1.00  
 Luhya 1.12 [0.91;1.34] 1.10 [0.86;1.34] >0.05 
 Luo 1.20 [0.98;1.42] 1.04 [0.79;1.30]  
 Kamba 0.79 [0.57;1.01] 1.06 [0.82;1.31]  

  Other 0.76 [0.51;1.02] 0.85 [0.55;1.14]  

Wealth tertile Lower 1.00 1.00  
 Middle 0.62 [0.45;0.79] 1.02 [0.80;1.25] >0.05 
 Upper 0.45 [0.27;0.64] 0.95 [0.69;1.21]  

Location Korogocho 1.00 1.00  

  Viwandani 0.34 [0.19;0.49] 0.31 [0.09;0.54] <0.001
 

 Estimates significantly different at 5% level of significance are highlighted in bold 
 PR=Prevalence ratio, CI=confidence interval
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4.4 Relationship between vaccination coverage and child health 

4.4.1 Child survival 

A total of 34 deaths were recorded during the period under consideration excluding 

deaths from accidents. Kaplan-Meier survival curves (Figure 4.4) compared the 

survival probabilities of a child dying after the age of 12 months for a child who is FIC 

or FICm, FICv, and FIC-IS or FIC-OS compared to NOTFIC children. From the 

survival curves, the NOTFIC children group have consistently steeper curves 

compared to children who are FIC or FICm or FICv or FIC-IS which mean they are 

dying quicker. 

 

Figure 4.4: Kaplan-Meier survival curves by immunization patterns 

The survival analyses for the relationship between being FIC at 12 months, FIC 

excluding measles vaccine (FICm) and FIC out-of-sequence (Not FIC, FIC-IS and 

FIC-OS) and child mortality are summarized in Table 4.10. The results from the 
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unadjusted and adjusted Cox regression models pointed towards positive relationships 

between FIC, FICm, FICv, FIC-IS and FIC-OS and child survival compared to 

NOTFIC children. Being FIC was statistically associated with a 63% lower mortality 

(HR 0.37, 95% CI: 0.19:0.72) between age one and three years compared to NOTFIC 

children. When excluding the measles vaccine in the classification of fully immunized 

or not, being FIC (FICm) was statistically associated with 60% lower mortality (HR 

0.40, 95% CI: 0.20:0.79) compared to NOTFIC children. Considering the sequence in 

which the vaccines were administered to the children, being FIC in-sequence (FIC-IS) 

was statistically associated with a 69% (HR 0.31, 95% CI: 0.15:0.67) lower mortality 

compared to NOTFIC children. When adjusted for other background factors, there was 

statistically significant 58% (HR 0.42, 95% CI: 0.20:0.85), 51% (HR 0.49, 95% CI: 

0.24:1.00) and 64% (HR 0.36, 95% CI: 0.16:1.80) lower mortality for FIC, FICm and 

FIC-IS respectively compared to NOTFIC children. 
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Table 4.10: Cox proportional hazards regression models for time-to-death controlling 
for other factors 

Vaccination 
status 

Rate 
No. 

deaths 
N 

Unadjusted Adjusted1 

HR [95% CI] HR [95% CI] [p-value]

1.FIC status      

NOTFIC 14.0 19 1,030 

FIC 5.1 15 2,187 0.37 [0.19;0.72] 0.42 [0.21;0.85] [0.017]

2.FICm status      

NOTFICm 14.8 14 696 1.00 1.00 

FICm 6.0 20 2,521 0.40 [0.20;0.79] 0.49 [0.24;1.00] [0.049]

3. FICv status      

NOTFICv 13.8 18 985 1.00 1.00 

FICv 5.3 16 2,232 0.39 [0.20;0.76] 0.45 [0.22;0.91] [0.027]

4. FIC-IS status          

NOTFIC 14.0 19 1,030 1.00 1.00 

FIC-OS 7.6 5 471 0.55 [0.21;1.48] 0.61 [0.23;1.66] [0.042]

FIC-IS 4.4 10 1,716 0.31 [0.15;0.67] 0.36 [0.16;0.80] [0.001]

 1controlled for child sex, mother's postnatal attendance, age, marital status, health 
facility delivery, education level, ethnicity, wealth status and location 

 Estimates significantly different at 5% level of significance are highlighted in bold 
 HR=Hazards ratio, CI=confidence interval 
 FIC (model 1), FICm (model 2), FICv (model 3) and FIC-IS (model 4) 

 

4.4.2 Child hospitalization 

The number of episodes, dates and duration of hospitalization of the children in the 

study area were used to evaluate hospitalization rates between 12-36 months of age. A 

total of 54 hospitalizations were reported during the period of follow-up. Six and four 

children reported two and three number of hospitalizations during the whole period of 

follow-up respectively. Kaplan-Meier survival curves in Figure 4.5 below compares 

the survival probabilities of a child being hospitalized after the age of 12 months for a 

child who is FIC or FICm, FICv, and FIC-IS or FIC-OS compared to NOTFIC 

children. 
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Figure 4.5: Nelson-Allen survival curves for time-to-hospitalization by different 
immunization patterns 

The survival analyses for the relationship between immunization patterns (FIC, FICm, 

and FIC-IS) and time to hospitalization are summarized in Table 4.11. All the 

estimates shown have been controlled for child’s sex, postnatal care attendance, 

mother’s age, marital status, education level, delivery place, parity, ethnicity, wealth 

status and household location. Sex of the child was statistically associated with 46% 

lower hospitalization cases in males (HR 0.54, 95% CI: 0.20:0.79) in the unadjusted 

Cox regression model as compared to females. Though not significant, results pointed 

towards lower hospitalization cases among fully immunized 35% (HR 0.65, 95% CI: 

0.35:1.19) reduction, fully immunized excluding measles 24% (HR 0.76, 95% CI: 

0.39:1.47) reduction and fully immunized and in sequence 26% (HR 0.74, 95% CI: 

0.40:1.38) reduction respectively compared to NOTFIC. 
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Table 4.11: Cox proportional hazards regression models for time-to-hospitalization 
controlling for other factors 

Vaccination 
status 

Rate 
No. 

hospitalizations

Unadjusted Adjusted1  

HR [95% CI] HR [95% CI] 
p-value 

1. FIC status       

NOTFIC 36.8 21  

FIC 23.2 31 0.63 [0.36;1.1] 0.65 [0.35;1.19] 0.159 

2. FICm status        

NOTFICm 36.6 14 1.00 1.00  

FICm 25.0 38 0.68 [0.37;1.26] 0.76 [0.39;1.47] 0.411 

3. FICv status        

NOTFICv 31.0 17 1.00 1.00  

FICv 25.8 35 0.84 [0.47;1.49] 0.90 [0.48;1.69] 0.378 

4. FIC-IS status      

NOTFIC 36.8 21 1.00 1.00  

FIC-OS 11.7 3 0.32 [0.09;1.08] 0.33 [0.10;1.15] 0.196 

FIC-IS 26.0 28 0.70 [0.40;1.24] 0.74 [0.40;1.38]  
 1controlled for child sex, mother's postnatal attendance, age, marital status, health facility 

delivery, education level, ethnicity, wealth status and location 
 Estimates significantly different at 5% level of significance are highlighted in bold 
 HR=Hazards ratio, CI=confidence interval 
 FIC (model 1), FICm (model 2), FICv (model 3) and FIC-IS (model 4) 

 

 

4.4.3 Child anthropometry measurements 

4.4.3.1 Height-for-age z-scores 

From the bivariate regression analysis, there were significant positive associations 

between FIC (B 0.13, CI: 0.041:0.22), FICm (B 0.11, CI: 0.01:0.21), FIC-OS (B 0.04, 

CI: -0.09:0.16) and FIC-IS (B 0.15, CI: 0.07:0.24) and height for age z-scores 

respectively. Controlling for all background factors, only FICv was significantly 

associated with an increase in height-for-age Z-scores. Fully immunized children, 

FICm, and FIC-IS were positively associated with an increase in height for age z-

scores though the results were not statistically significant. 
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Table 4.12: Unadjusted and adjusted GEE models for height-for-age controlling for 
other factors 

Immunization patterns 
Unadjusted Adjusted1  

Coefficient. [95% CI] 
Coefficient. [95% 

CI] 
p-value 

1.FIC NOTFIC  

 FIC 0.13 [ 0.04;0.22] 0.08 [-0.01;0.17] 0.067

2.FICm NOTFICm  
 FICm 0.11 [ 0.01;0.21] 0.05 [-0.05;0.15] 0.300
3.FICv NotFICv  
 FICv  0.15 [ 0.06;0.23] 0.10 [ 0.01;0.20] 0.023
4.FIC-IS NOTFIC  
 FIC-OS 0.04 [-0.09;0.16] 0.05 [-0.08;0.18] 0.102
  FIC-IS 0.15 [ 0.07;0.24] 0.09 [ 0.00;0.19] 
 1controlled for child sex, mother's postnatal attendance, age, marital status, health facility 

delivery, education level, ethnicity, wealth status and location 

 Estimates significantly different at 5% level of significance are highlighted in bold. 
GEE=Generalized Estimating Equation, CI=Confidence interval 

 FIC (model 1), FICm (model 2), FICv (model 3) and FIC-IS (model 4) 

4.4.3.2 Weight-for-age z-scores 

Results from bivariate regression analysis between weight for ages z-scores and FIC 

patterns showed statistically positive associations between FIC (B 0.14, CI: 0.07:0.22), 

FICm (B 0.16, CI: 0.07:0.25), FIC-OS (B 0.05, CI: 0.06:-0.17) and FIC-IS (B 0.17, 

CI: 0.09:0.25) and weight for age z-scores respectively. Controlling for all background 

factors, being FIC was associated with 0.13 increase (B 0.13, CI: 0.05:0.21), being 

FICm was associated with 0.15 increase (B 0.15, CI: 0.06:0.24) and being FIC-IS was 

associated with 0.14 increase (B 0.14, CI: 0.06:0.23) in weight-for-age z-score 

respectively. 
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Table 4.13: Unadjusted and adjusted GEE models for weight-for-age controlling for 
other factors 

Immunization patterns 
Unadjusted Adjusted1 
Coefficient. 

[95% CI]
Coefficient. [95% 

CI] 
p-value

1.FIC NOTFIC    
  FIC 0.14 [ 0.07;0.22] 0.13 [ 0.05;0.21] 0.002
2.FICm NOTFICm    
  FICm 0.16 [ 0.07;0.25] 0.15 [ 0.06;0.24] 0.001
3.FICv NotFICv    
  FICv  0.14 [ 0.06;0.22] 0.13 [ 0.05;0.22] 0.001
4.FIC-IS NOTFIC    
  FIC-OS 0.05 [-0.06;0.17] 0.07 [-0.05;0.19] 0.004
  FIC-IS 0.17 [ 0.09;0.25] 0.14 [ 0.06;0.23] 
 1controlled for child sex, mother's postnatal attendance, age, marital status, health facility 

delivery, education level, ethnicity, wealth status and location 
 Estimates significantly different at 5% level of significance are highlighted in bold. 

GEE=Generalized Estimating Equation, CI=Confidence interval 
 FIC (model 1), FICm (model 2), FICv (model 3) and FIC-IS (model 4) 

4.4.3.3 Weight-for-Height z-scores 

Results from bivariate regression analysis between weight for height z-scores and FIC 

patterns showed statistically positive associations between FIC (B 0.13, CI: 0.04:0.22), 

FICm (B 0.11, CI: 0.01:0.21), FIC-OS (B 0.04, CI: -0.09:0.16) and FIC-IS (B 0.15, 

CI: 0.07:0.24) and weight for age z-scores respectively. Controlling for all background 

factors, being FIC was associated with 0.12 increase (B 0.12, CI: 0.03:0.20), being 

FICm was associated with 0.17 increase (B 0.17, CI: 0.08:0.27) and being FIC-IS was 

associated with 0.13 increase (B 0.13, CI: 0.05:0.22) in weight for age z-score 

respectively. 
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Table 4.14: Unadjusted and adjusted GEE models for weight-for-height controlling 
for other factors 

Immunization patterns 
Unadjusted Adjusted1 

Coefficient. [95% CI] Coefficient[95%CI] p-value 

1.FIC NOTFIC  

 FIC 0.13 [0.04;0.22] 0.12 [ 0.03;0.20] 0.006
2.FICm NOTFICm  
 FICm 0.11 [0.01;0.21] 0.17 [ 0.08;0.27] 0.001
3.FICv NotFICv  
 FICv  0.15 [0.06;0.23] 0.12 [ 0.03;0.20] 0.006
4.FIC-IS NOTFIC  
 FIC-OS 0.04 [-0.09;0.16] 0.07 [-0.05;0.19] 0.011
  FIC-IS 0.15 [ 0.07;0.24] 0.13 [ 0.05;0.22] 
 1controlled for child sex, mother's postnatal attendance, age, marital status, health facility 

delivery, education level, ethnicity, wealth status and location 
 Estimates significantly different at 5% level of significance are highlighted in bold. 

GEE=Generalized Estimating Equation, CI=Confidence interval 
 FIC (model 1), FICm (model 2), FICv (model 3) and FIC-IS (model 4) 
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CHAPTER FIVE 

5 DISCUSSION 

This study describes the level of immunization coverage of Fully Immunized Children, 

timing of immunization (early and delays) and sequencing of the routine childhood 

vaccination by 12 months of age in children aged 12-23 months in informal urban 

settlements in Nairobi, Kenya. The study further identifies the determinants of a - 12-

23 months of age child - being fully immunized by 12 months and the determinants of 

a fully immunized 12-23 months of age child being immunized in out-of-sequence for 

vaccines given by 12 months of age. The study also describes the association between 

immunization patterns and childhood health (nutrition status, morbidity, and mortality) 

for children followed from the age of one year to three years old. 

5.1 Immunization coverage 

The overall FIC coverage was estimated at 66.6% in this study. Coverages for the 

specific vaccine antigens were above 90% apart from measles and third doses of polio 

and pentavalent vaccines. Overall FIC coverage was shown to depend on postnatal 

care attendance, mother’s age, parity, ethnicity, and location. The unadjusted model 

showed FIC coverage also depended on mother’s education and household wealth 

status.  

The overall FIC coverage in this study are similar to results (68%) obtained from a 

cross-sectional study targeting approximately all informal settlements in Nairobi 

(Egondi et al., 2015) conducted in 2012 which is an increase from the result (44%) 
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estimated in a previous study conducted in same area (APHRC, 2002) in 2002. The 

FIC coverage in this study still lags behind Nairobi (81%) and national estimates 

(79%). This increase in FIC coverage in the study area may be attributed to efforts 

made by the ministry of health and other stakeholders to improve the uptake of health 

services and awareness from interventions conducted in the study area, even though 

more needs to be done to reduce the gap existing between informal settlements and 

other parts of Nairobi. Increases in immunization coverage have been reported in other 

low and middle-income countries over the years (WHO, 2011a). The study showed an 

initial increase of FIC coverage between 2008 and 2010 followed by a decrease 

between 2011 and 2014. Further investigation is needed in the study area to understand 

this scenario. Even with the increase in FIC coverage, the figure is still lower in urban 

poor settlements as compared to estimates from other urban areas and Nairobi in 

particular (KNBS, 2015).  

This study showed higher coverage for vaccines given during infants’ early part of life 

and lower for vaccines given later in life specifically measles and third doses of polio, 

pentavalent and pneumococcal vaccines. This resonates well with previous findings in 

the study area (KNBS, 2011; Mutua et al., 2011) and other studies conducted in 

Burkina Faso, Nigeria and South Africa (Fadnes, Jackson, et al., 2011; Sadoh et al., 

2009; Schoeps et al., 2013). Children missing measles and third doses of polio and 

pentavalent vaccines were identified in this study as the main reasons of not being fully 

immunized. Similar observations were made by other studies conducted in other 

settings (Fadnes, Jackson, et al., 2011). The issue of not completing recommended 

doses of a vaccine is a big concern. A child is protected optimally from specific 
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infections if the child received all the three doses. When a dose is skipped, delayed or 

missed altogether the child becomes vulnerable from specific infections and also 

‘herd’ immunity is compromised (Fine, 1993). The low coverage of measles vaccine 

poses similar concerns. Studies have shown measles and BCG vaccines to be having 

non-specific beneficial effects on child survival (Sankoh et al., 2014; Welaga et al., 

2012). The high number of infant missing out on MV vaccines could be missing out 

on these benefits. 

The coverage of fully immunized children was higher among mothers who attended 

postnatal care in the study, and this is expected as their children have more chances of 

getting immunized than those who do not make any follow-up contact with a health 

centre after delivery. Coverage of fully immunized children by 12 months of age was 

higher among mothers with lower parity compared to mothers with higher parity, 

which has been found in other settings (Rahman et al., 2010). The more children a 

mother has, the more constraints on the little resources available especially in informal 

settlements where levels of poverty are high and affects healthcare utilization (Ndiritu 

et al., 2006). Ethnicity also played a role in determining coverage of fully immunized 

children by 12 months of age. Coverage of fully immunized children by 12 months of 

age was significantly higher among Kikuyu and Kamba ethnic groups compared to 

other ethnic groups. Similar results were found in other studies done in Kenya, and 

this has been linked to cultural differences in addition to education and income 

disparities among the different ethnicities (Egondi et al., 2015; Ettarh et al., 2012; 

Mutua et al., 2011). Coverage of fully immunized children by 12 months of age was 

found to be higher in Viwandani compared to Korogocho study area in line with earlier 
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studies (Mutua et al., 2011). Viwandani area is next to an industrial area, and residents 

here are better off than Korogocho residents. Additionally, from the unadjusted 

models, children delivered in a health facility, from households with higher wealth 

status and mothers with higher education status were associated with higher coverage 

of fully immunized children by 12 months of age. Similar results have been 

documented in other studies done in Kenya (Egondi et al., 2015; Mutua et al., 2011), 

and India (Lauridsen et al., 2011) where health outcomes are better off among the 

wealthier in the community compared to the less wealthy households. Apart from 

geographical inequality, studies done in the informal settlement areas have identified 

the parental level of education, age, and marital status to be associated with non-

completion of the vaccine uptake (Borus, 2004, Mutua et al., 2011). 

5.2 Immunization timeliness 

This study estimated the prevalence of fully immunized children who received at least 

one vaccine in a different sequence than the recommended one at 22%. The prevalence 

differed significantly by delivery place and location.  

A substantial number of children were immunized much earlier than the recommended 

age. This early immunization has been documented elsewhere in Nigeria, Mozambique 

and Guinea (Cutts et al., 1991; Sadoh et al., 2009). Studies have shown that those 

vaccines given more than four days earlier than the recommended age may not be 

optimally effective (Kroger et al., 2012) and one may need to re-vaccinate. The median 

age of the different vaccines revealed significant delays in immunization among 

children not fully immunized compared to fully immunized children. The delay was 
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substantial for BCG, measles and third doses of polio and pentavalent vaccines. This 

delay is consistent with other studies in sub-Saharan Africa (Sadoh et al., 2009).  

This study provides evidence of children receiving vaccines in a different sequence 

than recommended. The main cause of the fully immunized children not adhering to 

recommended schedules was identified as not receiving the pentavalent and 

corresponding polio doses together. This result highlights the levels of missed 

opportunities in immunization programs in the disadvantaged areas as the child had a 

contact with a health care person and was only given one vaccine instead of all 

recommended vaccines. The missed opportunity may be occasioned by vaccine stock-

outs. Similar results have been documented in other studies as determinants of vaccine 

delays (Ouédraogo et al., 2013; Schoeps et al., 2013). 

Children who were not delivered in a health centre or children from Korogocho study 

area were significantly associated with being FIC out-of-sequence, this is true as 

mother who deliver away from a health centre may take a while before taking the child 

for vaccination and may decide to take the child to receive all the vaccinations at same 

time instead of making several trips to the health centre. However, this study found no 

association between not being fully immunized in the recommended sequence and 

post-natal care, education level, ethnicity and wealth status. Results from the 

unadjusted models indicated a significant association with postnatal care, education 

level, ethnicity and wealth status. 
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5.3 Immunization and childhood health 

5.3.1 Childhood nutrition status 

This study has demonstrated a positive relationship between completion of childhood 

immunization schedule and childhood growth for children under three years of age. 

Children who were either fully immunized with the eight recommended routine 

vaccinations, fully immunized excluding measles vaccine and fully immunized and in 

proper sequence had significantly higher z-scores (height-for-age, weight-for-age, and 

weight-for-height) compared to children missing at least one of the recommended 

vaccines or children receiving immunization in an out-of-sequence manner 

respectively. Better childhood nutrition status could be attributed to the fact that fully 

immunized children have better immunity against the major illnesses hence child 

growth is not interrupted (Greenberg et al., 2005). Apart from prevention of measles 

infections, measles vaccination have been shown to prevent many other infections 

which determine the nutrition status of a child (Stephensen, 1999; Victora et al., 1990). 

The better nutrition status can also be attributed to the fact that fully immunized 

children have more visits to health center hence they are more likely to receive more 

information on nutrition than the children who make fewer visits to a health center. 

5.3.2 Childhood hospitalization 

Results from this study showed no significant relationship between childhood 

immunization patterns and hospitalization cases even though the statistical estimates 

direction indicated children who miss at least one of the recommended vaccines had 

higher hospitalization rates. Other studies conducted in England and Wales found an 

association between hospitalizations and lack of vaccination (Van Buynder et al., 
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1999). Another study conducted in Germany showed higher hospitalization cases 

among unvaccinated children 6-24 months of age as compared to those partially or 

fully immunized (Stojanov et al., 2000). The lack of significance in the relationship 

between immunization patterns and hospitalization cases could be due to fewer 

numbers of hospitalizations cases in the study which affected the power of the study 

to detect any significant result. More follow-up time would be needed for more power. 

5.3.3 Child mortality 

The study found significantly lower childhood mortality among children who were 

FIC or FICm compared to children who are not fully immunized respectively. 

Childhood survival was even better among children who were fully immunized and 

followed the recommended vaccine sequence compared to children not fully 

vaccinated. 

This excess mortality can be attributed to children who are missing the measles vaccine 

which was identified in this study as one of the main cause of not being fully 

vaccinated which meant pentavalent vaccine was the last vaccine for the children not 

fully vaccinated. Studies examining immunization sequence with DTP versus measles 

vaccinations as the last vaccine have demonstrated that DTP administered with or after 

measles vaccine are associated with considerably higher mortality than receiving 

measles vaccine alone after DTP3 (Welaga et al., 2012). The slightly higher childhood 

survival observed for FIC-IS vs. Not FIC compared to FIC vs. Not FIC can be 

explained by the presence of more out-of-sequence vaccinated children in the FIC-

group than in the NOTFIC groups which would have diminished the mortality 

disparity estimated for FIC versus NOTFIC children. Live attenuated vaccines (BCG, 
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polio and measles vaccines) have been shown in randomized trials to be associated 

with non-specific beneficial effects, i.e. reducing mortality more than can be explained 

by prevention of tuberculosis, polio or measles infections (Aaby, Martins, Garly, et 

al., 2010; Lund et al., 2015). In the last 15 years, there have been a lot of polio and 

measles vaccines campaigns conducted in most low-income countries which has led 

to huge reductions in child mortality rate. These campaigns have also diminished the 

difference between groups with different vaccination status e.g. between FIC and not 

FIC. On the other hand, inactivated vaccines (DTP-containing vaccines) have been 

shown in randomized trials to be associated with detrimental non-specific effects, i.e. 

increasing mortality more than can be explained by prevention of diphtheria, tetanus 

or pertussis infections (P. Aaby et al., 2007; Aaby, Ravn, et al., 2012; Agergaard et 

al., 2011).  

The non-specific beneficial effects of measles vaccine have now been documented in 

many observational and randomized studies (Aaby et al., 2015; Welaga et al., 2012). 

The World Health Organization strategic advisory group of experts (SAGE), in a 

review of all studies done on non-specific effects of the routine childhood vaccination, 

found that measles vaccination was associated with close to 50% reduction in 

childhood mortality which could not be explained entirely by prevention of measles 

infection (Higgins et al., 2014). The difference found in childhood survival between 

FIC and not FIC groups in the current study is quite consistent with what the SAGE 

review found without prevention of measles infection being an important component 

of the effect. 
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CHAPTER SIX 

6 CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conclusion 

The overall coverage in the study was estimated at 67%. Coverage for specific antigens 

were all above 75% with low coverages observed for the third pentavalent vaccine 

dose, third polio vaccine dose and measles vaccine dose. High coverages were 

observed among BCG, first and second doses of polio and pentavalent vaccines. 

Vaccination delays of 15% to 39% were observed for the different vaccines and doses 

given to children in the study. Vaccination delays were higher in Korogocho compared 

to Viwandani. Early immunization was higher for the first doses of polio and 

pentavalent vaccines at 3.3% and 2.&% respectively. A fifth of children who were 

fully immunized by the age of 12 months had received their immunization in a 

different sequence from the recommended. The main source of out-of-sequence was 

identified as not receiving the respective pentavalent doses together as it is 

recommended.  

The main determinants of not being fully vaccinated by the end of one year of life were 

identified as children from mothers with lower education level, who did not attend 

post-natal care, did not deliver in a health center and from Korogocho area. 

Determinants of out-of-sequence among the fully immunized child were established 

as being from Korogocho area and not delivered in a health center.  
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Better child health outcome have been shown to be associated with not only a child 

being fully immunized but there is an additional benefit for getting immunized in the 

recommended sequence.  

6.2 Recommendations 

The following recommendations and further research work are derived from this study: 

6.2.1 Policy and action 

1. New strategies are needed to enable health care providers and 

parents/guardians to work together to increase the levels of completion of all 

required vaccines and in recommended schedule, especially measles vaccine 

which was the main reason for children not being fully immunized. 

2. Particular attention is needed from the health care provider, parents and 

guardians on the uptake and completion of the three doses of polio, pentavalent 

and pneumococcal vaccines. Additionally, the health care providers should 

make sure a child is given all the antigens that are supposed to be given on the 

same day when a child is brought to a health centre. This was identified as the 

main cause of immunization delays and out-of-sequence 

3. The low immunization coverage and age-specific vaccination can easily be 

improved by targeting disadvantaged groups through specific programmes. 

6.2.2 Further research 

1. Further research is needed to properly determine the effects of each routine 

vaccine other than preventing the specific infection.  
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2. This study has shown existence of non-specific effects of vaccination and the 

importance of being fully immunized and being immunized on time. Other 

studies have shown that boys and girls immunity responds differently to the 

routine vaccines. This sex differential effect need to be investigated in the 

urban informal settlement setting with the available data. 

3. Similar study should be conducted in rural and urban formal settlement areas 

to see whether similar results will be obtained. 

4. Work is needed to find out from mothers why they are unable to complete the 

vaccination of their children. There is a possibility of other demographic 

characteristics affecting immunization coverage by preventing mothers from 

taking children for immunization. 

6.3 Study limitations 

This study was conducted in an urban informal settlement, and therefore, the estimated 

coverages, levels of delays and out-of-sequence may only represent similar 

populations. A major limitation of this study was that vaccination card for a large 

number (62%) of those recruited during the visits between 12 and 23 months of age 

were not seen and hence they were excluded from the analysis. However, on the 

positive side, the exclusion eliminated the possibility of introducing recall and survival 

bias in the analysis. Despite the exclusion, the analysis still included a reasonable 

sample size for the cross-sectional study. However, excluding children without an 

observed vaccination card may impact the internal validity of the results within the 

target population as vaccine coverage among these children may differ in substantial 

ways from children with an observed vaccination card. The other limitation was the 
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shorter follow-up time for the analysis for the third objective and also some children 

were excluded due lack of follow-up visits. 
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