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• Background: Malnutrition and enteric infections have remained risk

factors for long-term growth faltering and cognitive impairment of

children in the under-developed and developing countries. The health of

the gut determines the efficiency of intake energy being absorbed and

hence, energy available for growth. A Quantitative Systems Pharmacology

(QSP) model which quantifies a child’s growth dynamics relative to the

disruptions in gut health is being developed.

• Problem Definition: QSP models are developed based on a deep

understanding of physiology across multiple settings - clinical and pre-

clinical, in disease and health. A critical step in development is

the parametrization of equations to determine rate constants - these are

ideally biologically interpretable to connect the underlying physiological

mechanisms and casual pathways in different sub-populations. This is

followed by validation as the model should be robust to 're-create'

trajectories of clinical observables. Such models should be testable using

likelihood ratio tests or standard model selection criteria such as Akaike

Information Criteria (AIC), Bayesian Information Criteria (BIC), and

goodness-of-fit tests.

Different parameters such as gut permeability, absorption coefficients,

immune responses and time course summary of illness as well as recovery

for bacterial, protozoal and viral pathogens were obtained which can be used

for determining the energy balance for normal growth and development.

These analyses also provided an insight into the existing interventions and

their advantages/limitations in different sub-populations for different

pathogens.

Decreased nutrient absorption during diarrhea Increased loss of energy during infections

• Infections can impair the growth of a healthy, fully-fed child.

• Incidence, severity & duration of diarrheal illness varies with pathogens.

Bacterial and viral infections are generally acute while protozoal infections

are chronic and can be asymptomatic up to 5 years.

• Inflammation is high in bacteria followed by protozoal and viral infections

respectively.

• The driver of pathogen clearance is microbiota-mediated in bacterial

infections and adaptive immune response in case of protozoal and viral

infections. Breast milk and probiotics can be useful to prevent infections .

Step 1: Intensive and exhaustive literature analysis followed by tabulation of

the key data

Step 2: Validation using multiple resources in different population groups

Step 3: Comparing across various data and making useful plots/ tables/ flow

charts
Study

S. No. Macronutrients/ Country (Age)

British Whites 

(12 months)

Pakistani,settled in 

Britain (12 months)

Australia (9 

months)

Australia (18 

months)

Spain (0-6 

months)

Spain (7-12 

months)

Spain (13- 24 

months)

Spain (25- 36 

months)

1 Total energy intake (kcal/day) 1169 ± 440 1083 ± 436 825.45 ± 189.51 1069.1 ± 186.3 668 (613-723) 1025.3 (927-1124) 1202.6 (1117-1288) 1281.3 (1192-1371)

2 Protein (g/day) 41 ± 17 37 ± 17 29.0 ± 10.9 46.8 ± 12.1 13 (11.7-14.4) 34.9 (31.3-38.4) 45.1 (40.7-49.5) 52.1 (48.7-55.4)

3 Total Fat (g/day) 44 ± 19 41 ± 19 33.4 ± 8.0 38.9 ± 9.3 36 (33-39) 40.2 (35-46) 48.6 (45-53) 48.7 (45-53)

4 Carbohydrate (g/day) 162 ± 63 150 ± 64 98.5 ± 24.0 128.2 ± 24.8 74.7 (67-82.3) 132.6 (118.5-146.6) 151.5 (138.8-164.3) 165.7 (152.1-179.3)

5 Fibre (g/day) 10.1 ± 4.4 8.7 ± 4.1 8.3 ± 4.2 12.6 ± 4.1 3 (1.7-4.3) 11.4 (9.5-13.3) 10 (8.9-11.1) 9.1 (8-10.2)

BiB 1000 Study [Sahota 2015]

Melbourne Infant Program 

[Lioret 2013]  ALSALMA pilot study [Dalmau 2014]
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