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CHAPTER 1

GENERAL INTRODUCTION

Indonesia oscillates between being graded as upper middle or lower middle-income country 
[1], with great variation not only in the socioeconomic status of its population but also the 
degree of urbanization that its population faces.  Socioeconomic status (SES) is a well-known 
determinant of health [2]. However, SES indicators often do not impact health directly, but 
instead serve as proxies for other determinants. Indeed, many intermediate factors have 
been highlighted in the relationship between SES and health outcomes, such as poor envi-
ronmental conditions that lead to high exposure to microorganisms and parasites. In addi-
tion, factors such as gut microbiota composition or diversity can also be intermediates. One 
mechanism by which SES may put forth its effects on health is through differential activation 
of the immune system. Several studies have shown the maternal environment such as ex-
posure to helminth infection during pregnancy and maternal gut microbiota might affect 
child immune responses soon after birth [3-5]. This in turn is thought to determine the 
subsequent immune responses of a child later in life against pathogens, vaccines, venoms 
or allergens. 

In Indonesia, low socioeconomic status or residence in rural areas have been shown to in-
crease the risk of getting helminth infections compared to those with higher SES living in 
urban centers [6, 7]. Poor sanitation, low degree of hygienic lifestyle, low levels of maternal 
education, distance from clean water source are important contributors to infection with 
helminths [8, 9]. Although there are reports that helminth infections can be associated with 
poor nutritional status [10, 11], anemia [12] and cognitive development [13], there are also 
reports from meta-analysis that refute this [14, 15]. There are even reports of helminth 
infections having protective effects against allergy or diabetes [16, 17]. “The Old Friends” 
hypothesis that was coined by Rook in 2003 stated that humans co-evolved with their “old 
friends”, among them parasitic helminths, can act as inducers of immunoregulatory circuits 
[18, 19].  Hygienic lifestyles and western medicine lessen the exposure to the “old-friends” 
and other organisms from the natural environments that humans co-evolved with. There-
fore, the human immune system must have evolved to act optimally under a very different 
condition and any change in these conditions might alter the immune system and its down-
stream effects on disease outcomes. 

Over the past decades, it is becoming increasingly clear that the microbiome can be import-
ant for the gut function and human health [20-26]. The gut microbiota profile is predomi-
nantly affected by environmental factors such as diet and exposure to infection [27, 28]. The 
gut microbiota is considered as an important factor as derived metabolites might maintain 
gut barrier function. Short chain fatty acids, including butyrate, which are produced by cer-
tain gut microbiota are thought to have a protective effect on the intestinal lining and thus 
associate with intestinal barrier health [29]. Therefore, imbalance of gut microbiota com-
position might aggravate gut inflammation, affect nutritional absorption and consequently 
lead to growth faltering in children [30-32]. Therefore, one of the ways human health is 
wired by the socioeconomic status, environment and lifestyle factors can be through the 
variation in the microbiome. 

Environmental factors are thought to affect immune responses to vaccines. With respect to 
economic status, the response to Bacille Calmette-Guérin (BCG) vaccine [33] and the effica-
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cy of rotavirus [34] are lower in the low compared to high-income countries. These differ-
ences might be due to varied exposure to infection, and host characteristics, including diet 
and nutritional status.

The geographical differences are also observed in the prevalence of allergic diseases [35]. 
In this context, most intensively studied allergic diseases are asthma, rhinitis, atopic derma-
titis and food allergies. Allergic reactions to bee- and wasp-venom can be life-threatening 
[36], but they are less studied. Most studies of venom allergy, have so far been conducted 
in developed western countries. Prevalence of Hymenoptera sensitization varies among re-
gions, with some of the studies performed in the community while others were performed 
in groups at risk. There is, however, very little information on the magnitude of venom al-
lergy in tropical parts of the world. The location of Indonesia near the equator provides a 
warm and humid climate which is favorable for Hymenopterans like bees and wasps to live. 
Therefore, further information of the sensitization to Hymenoptera in low-to-middle-in-
come countries such as Indonesia would aid understand the extent of Hymenoptera allergy 
not only in the temperate but also in tropical areas and also the risk factors associated with 
such allergic disease [6]. 

Scope of the thesis

The main objective of this thesis is to improve our understanding of the impact of life style 
and socioeconomic status on the immune response of children living in an urban area of 
Indonesia. We started by studying responses to a vaccine. To this end, we assessed lifestyle 
and socioeconomic factors that determine the response to BCG vaccination. Data on mater-
nal infection status, demographic and socioeconomic characteristics, as well as their infant’s 
nutritional status, total IgE and leptin levels of newborn were studied and pathway analysis 
was performed to understand the effect of different variables on response to BCG vaccine. 
Next, we conducted a study in schoolchildren with different socioeconomic backgrounds 
living in the same urban area and assessed their allergic response to bee and wasp venom. 
Baseline data on sociodemographic, anthropometric and intestinal parasitic infection status 
were collected. The skin prick test reactivity and reported sting-related symptoms to bee 
and wasp were recorded. The profile of bacterial gut microbiota and its association with 
environmental factors were also assessed as a function of SES. The markers of intestinal per-
meability and intestinal damage before and after albendazole treatment were measured to 
assess the association between SES, intestinal parasitic infections and markers of intestinal 
barrier function and taking into account the alteration of gut microbiota after treatment.

The following questions were addressed: 

What is the effect of SES on the outcome of BCG vaccination in young infants?

BCG is one of the vaccines that is given early in life to infants in Indonesia. This vaccine has 
been known to have protective effect against meningitis and miliary tuberculosis (TB) in chil-
dren [37] and also known to have non-specific effects unrelated to TB during childhood [38]. 
One way to measure the strength of the immune response to BCG vaccine is by assessing 
BCG scarification. In Chapter Two, differences on BCG scar size and factors contributing to 
the development of the scar were investigated in high and low-SES newborns. To this end, 
we recruited pregnant mothers at the third trimester of pregnancy and followed up the 
babies at birth and at 10 months of age. Pathway analysis was used to investigate factors 
contributing to the development of BCG scar, in particular, exposure to infection during ges-
tational period (third trimester) and nutritional status of the baby at birth. In addition, we 
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also explored whether the size of BCG scar is affected by nutritional status at birth through 
measuring adipokines. 

What is the impact of SES on atopic sensitization, bacterial gut microbiota and intestinal 
barrier function in schoolchildren?

Study area

In Chapter Three, Allergic reactions and sensitization to Hymenoptera venoms and aeroal-
lergens were compared between high and low-SES schoolchildren and the question wheth-
er helminth infection might be involved in these reactions. In addition, we also assessed the 
agreement between SPT and sIgE positivity to allergens. 

Together, Chapter two and Chapter three investigate how SES, nutritional status and ex-
posure to infection might affect the immune responses of Indonesian children living in an 
urban area.

It is important to investigate how intestinal parasites [39], gut microbiota [40], and gut 
permeability [41], which can influence the immune system, differ in high versus low SES 
schoolchildren. In Chapter Four, an exploratory analysis was conducted of gut microbiota 
of Indonesian schoolchildren living in an urban area but with distinct SES. We compared 
the diversity and composition of bacterial gut microbiota in children from high and low-SES 
schools, taking into consideration the intestinal parasitic infections and the nutritional sta-
tus of the children. In Chapter Five, the differences in intestinal permeability (determined 
by LMR, lactulose-mannitol ratio) between high and low-SES children was investigated. In 
addition, markers of intestinal cell injury (I-FABP, intestinal fatty acid binding protein), bacte-
rial translocation and inflammatory markers (LBP, LPS-binding protein), were measured. Fur-
thermore, we also asked whether presence of intestinal parasites and composition of bacte-
rial gut microbiota contributed to the association between SES and intestinal permeability. 

In Chapter Six, the findings of this thesis are discussed and can be used as a starting point 
for further research to understand the complex association between SES, intestinal microor-
ganisms and parasites, gut barrier function, and immune responses in children. 



Page 14

References

1.	 TheWorldBank. The World Bank in Indonesia Having Maintained Political Stability, 
Indonesia Is One of East Asia Pacific’s Most Vibrant Democracies, Emerging as a Confident 
Middle-Income Country. 2022; Available from: https://www.worldbank.org/en/country/in-
donesia/overview.
2.	 Kachmar, A.G., et al., Socioeconomic Status in Pediatric Health Research: A Scoping 
Review. J Pediatr, 2019. 213: p. 163-170.
3.	 Miller, G.E., et al., Maternal socioeconomic disadvantage is associated with tran-
scriptional indications of greater immune activation and slower tissue maturation in placen-
tal biopsies and newborn cord blood. Brain Behav Immun, 2017. 64: p. 276-284.
4.	 Bal, M., et al., Filarial infection during pregnancy has profound consequences on 
immune response and disease outcome in children: A birth cohort study. PLoS Negl Trop Dis, 
2018. 12(9): p. e0006824.
5.	 Olateru-Olagbegi, O.A., et al., Serum Levels of Inflammatory Cytokines in Helminth 
Infested Pregnant Women and Cord Blood of their Babies in Relation to Pregnancy Out-
come. Niger J Physiol Sci, 2018. 33(1): p. 51-56.
6.	 Hamid, F., et al., Allergic disorders and socio-economic status: a study of schoolchil-
dren in an urban area of Makassar, Indonesia. Clin Exp Allergy, 2015. 45(7): p. 1226-36.
7.	 Tahapary, D.L., et al., Impact of rural-urban environment on metabolic profile and 
response to a 5-day high-fat diet. Sci Rep, 2018. 8(1): p. 8149.
8.	 Echazu, A., et al., Effect of Poor Access to Water and Sanitation As Risk Factors for 
Soil-Transmitted Helminth Infection: Selectiveness by the Infective Route. PLoS Negl Trop 
Dis, 2015. 9(9): p. e0004111.
9.	 Wang, X., et al., Soil-transmitted helminth infections and correlated risk factors 
in preschool and school-aged children in rural Southwest China. PLoS One, 2012. 7(9): p. 
e45939.
10.	 Mekonnen, Z., et al., Soil-transmitted helminth infections and nutritional status of 
school children in government elementary schools in Jimma Town, Southwestern Ethiopia. 
SAGE Open Med, 2020. 8: p. 2050312120954696.
11.	 Papier, K., et al., Childhood malnutrition and parasitic helminth interactions. Clin 
Infect Dis, 2014. 59(2): p. 234-43.
12.	 Molla, E. and H. Mamo, Soil-transmitted helminth infections, anemia and undernu-
trition among schoolchildren in Yirgacheffee, South Ethiopia. BMC Res Notes, 2018. 11(1): 
p. 585.
13.	 Liu, C., et al., Soil-Transmitted Helminths in Southwestern China: A Cross-Sectional 
Study of Links to Cognitive Ability, Nutrition, and School Performance among Children. PLoS 
Negl Trop Dis, 2015. 9(6): p. e0003877.
14.	 Taylor-Robinson, D.C., et al., Deworming drugs for soil-transmitted intestinal 
worms in children: effects on nutritional indicators, haemoglobin, and school performance. 
Cochrane Database Syst Rev, 2015. 2015(7): p. Cd000371.
15.	 Owada, K., et al., Measuring the Effect of Soil-Transmitted Helminth Infections on 
Cognitive Function in Children: Systematic Review and Critical Appraisal of Evidence. Adv 
Parasitol, 2017. 98: p. 1-37.
16.	 Tracey, E.F., R.A. McDermott, and M.I. McDonald, Do worms protect against the 
metabolic syndrome? A systematic review and meta-analysis. Diabetes Res Clin Pract, 2016. 
120: p. 209-20.
17.	 Stein, M., et al., The Role of Helminth Infection and Environment in the Develop-
ment of Allergy: A Prospective Study of Newly-Arrived Ethiopian Immigrants in Israel. PLoS 
Negl Trop Dis, 2016. 10(1): p. e0004208.
18.	 Rook, G.A., 99th Dahlem conference on infection, inflammation and chronic in-
flammatory disorders: darwinian medicine and the ‘hygiene’ or ‘old friends’ hypothesis. Clin 



                      Page 15

Exp Immunol, 2010. 160(1): p. 70-9.
19.	 Rook, G.A., C.L. Raison, and C.A. Lowry, Microbial ‘old friends’, immunoregulation 
and socioeconomic status. Clin Exp Immunol, 2014. 177(1): p. 1-12.
20.	 Grier, A., et al., Impact of prematurity and nutrition on the developing gut microbi-
ome and preterm infant growth. Microbiome, 2017. 5(1): p. 158.
21.	 Johansson, M.A., et al., Early-life gut bacteria associate with IL-4-, IL-10- and IFN-γ 
production at two years of age. PLoS One, 2012. 7(11): p. e49315.
22.	 Johansson, M.A., et al., Early colonization with a group of Lactobacilli decreases the 
risk for allergy at five years of age despite allergic heredity. PLoS One, 2011. 6(8): p. e23031.
23.	 Kim, H.K., et al., Probiotic supplementation influences faecal short chain fatty acids 
in infants at high risk for eczema. Benef Microbes, 2015. 6(6): p. 783-90.
24.	 Korpela, K., et al., Probiotic supplementation restores normal microbiota compo-
sition and function in antibiotic-treated and in caesarean-born infants. Microbiome, 2018. 
6(1): p. 182.
25.	 Simonyté Sjödin, K., et al., Temporal and long-term gut microbiota variation in al-
lergic disease: A prospective study from infancy to school age. Allergy, 2019. 74(1): p. 176-
185.
26.	 Yilmaz, B., et al., Gut microbiota elicits a protective immune response against ma-
laria transmission. Cell, 2014. 159(6): p. 1277-89.
27.	 Rothschild, D., et al., Environment dominates over host genetics in shaping human 
gut microbiota. Nature, 2018. 555(7695): p. 210-215.
28.	 Zheng, D., T. Liwinski, and E. Elinav, Interaction between microbiota and immunity 
in health and disease. Cell Res, 2020. 30(6): p. 492-506.
29.	 Peng, L., et al., Effects of butyrate on intestinal barrier function in a Caco-2 cell 
monolayer model of intestinal barrier. Pediatr Res, 2007. 61(1): p. 37-41.
30.	 Liu, H., et al., Alterations in the gut microbiome and metabolism with coronary 
artery disease severity. Microbiome, 2019. 7(1): p. 68.
31.	 Shaw, K.A., et al., Dysbiosis, inflammation, and response to treatment: a longitudi-
nal study of pediatric subjects with newly diagnosed inflammatory bowel disease. Genome 
Med, 2016. 8(1): p. 75.
32.	 Vonaesch, P., et al., Stunted childhood growth is associated with decompartmen-
talization of the gastrointestinal tract and overgrowth of oropharyngeal taxa. Proc Natl Acad 
Sci U S A, 2018. 115(36): p. E8489-e8498.
33.	 Hur, Y.G., et al., Factors affecting immunogenicity of BCG in infants, a study in Ma-
lawi, The Gambia and the UK. BMC Infect Dis, 2014. 14: p. 184.
34.	 Jiang, V., et al., Performance of rotavirus vaccines in developed and developing 
countries. Hum Vaccin, 2010. 6(7): p. 532-42.
35.	 Pearce, N., et al., Worldwide trends in the prevalence of asthma symptoms: phase 
III of the International Study of Asthma and Allergies in Childhood (ISAAC). Thorax, 2007. 
62(9): p. 758-66.
36.	 Bilò, M.B., et al., Clinical aspects of hymenoptera venom allergy and venom immu-
notherapy. Eur Ann Allergy Clin Immunol, 2019. 51(6): p. 244-258.
37.	 Rodrigues, L.C., V.K. Diwan, and J.G. Wheeler, Protective effect of BCG against tu-
berculous meningitis and miliary tuberculosis: a meta-analysis. Int J Epidemiol, 1993. 22(6): 
p. 1154-8.
38.	 Prentice, S. and H.M. Dockrell, BCG Specific and Nonspecific Effects: Different 
Questions, Similar Challenges. J Infect Dis, 2021. 224(7): p. 1105-1108.
39.	 de Ruiter, K., et al., Helminth infections drive heterogeneity in human type 2 and 
regulatory cells. Sci Transl Med, 2020. 12(524).
40.	 Jiao, Y., et al., Crosstalk Between Gut Microbiota and Innate Immunity and Its Impli-
cation in Autoimmune Diseases. Front Immunol, 2020. 11: p. 282.
41.	 Uhde, M., et al., Intestinal cell damage and systemic immune activation in individ-
uals reporting sensitivity to wheat in the absence of coeliac disease. Gut, 2016. 65(12): p. 
1930-1937.




