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Appendix 1: Clinical assessment instructions in standard operating procedures 

INSPIRING Project – Point Prevalence Survey   

Clinical Assessment  

After consent and collecting basic demographic data from the child, ask the caregiver to remove the 

child’s top to expose their chest, and then ask they to put the child in a seated position or hold then 
in their arms. Wait for the child the settle down so they are calm.   

CALM means that the child is not crying, they are still and restful. It is important that the child is 

calm before taking the respiratory rate and oxygen saturation measurements, and observing their 

breathing, as movement can make getting these measurements very difficult.   

When conducting the clinical assessment, it is CRITICAL that all measurements occur only AFTER 

observations are completed.    

 “OBSERVE FIRST, MEASURE SECOND.”  

Start with 1. Observing and counting the respiratory rate, followed by any other signs of respiratory 

distress (e.g., lower chest wall indrawing) and general danger signs.  2. Next listen to the child, first 

without a stethoscope with your ear to the child’s mouth, followed by with a stethoscope on the 

child’s chest (in the order shown below).  3. Finally, complete the remainder of your measurements 

including measuring the oxygen saturation on the child’s toe, followed by temperature, and then 
anthropometry LAST (weight and MUAC).  It is CRITICAL that this order of the clinical assessment is 

followed strictly.   

Note: temperature and anthropometry are intentionally LAST in the order as these measurements 

usually disturb the child.  

1. Respiratory Rate (observe)  

Fast breathing is assessed by counting the respiratory rate. The respiratory rate is the number of 

breaths the child takes in one minute. To measure this, use the countdown timer, and set to 60 

seconds. Once you set off the timer, watch the child’s chest and count the number of breaths until 

you hear the beep. If the child moves or you lose concentration – start the measurement again.   

The normal respiratory rate depends on how old the child is; as younger children take more breaths 

per minute than older children. Fast breathing is defined as:  

Age  Respiratory Rate  

0-2 months  60 to 79  breaths per minute (refer to hospital)  

2-12 months  50 to 69 breaths per minute  

1-5 years  40 to 59 more  breaths per minute  

  

When upset, or nervous, or distressed it is normal for a person to start breathing quicker or 

erratically. So it is very important that the child is calm and relaxed when you measure their 

respiratory rate, and this is why we take two measurements, to validate the measure.  Fast 

breathing in an infant 0-2 months and is considered respiratory danger signs requiring 

hospitalization.   

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Paediatrics Open

 doi: 10.1136/bmjpo-2022-001640:e001640. 6 2022;BMJ Paediatrics Open, et al. King C



3 

 

2. Danger Signs – part 1 (observe for chest indrawing and convulsions)  

When children are sick, they can display a variety of signs which indicate that they are very unwell. 

For children with pneumonia these danger signs include: chest in-drawing, vomiting everything, not 

feeding or drinking, convulsions, lethargy or unconscious. This danger sign we will observe for is 

chest indrawing.  The other danger signs will be completed after we finish observing since these 

signs may require disturbing the child.  

- Chest indrawing: In normal breathing, the chest and abdomen will move OUT when the child 

breathes IN. When children are trying very hard to breathe, their lower chest wall will move IN when 

breathing IN.  This is the opposite of what happens in normal breathing and is called CHEST 

INDRAWING! Chest indrawing is assessed by looking at the child’s chest and abdomen, when they 
are lying flat. It is very important that you expose the chest and abdomen, while the child is lying flat 

when assessing for this.  It is also extremely important that the child is calm and not agitated or 

crying during this assessment.  

 
 (also see training videos for examples) 

  

• Convulsions: During a convulsion, the child can have “jerky” movements or the child’s limbs 
and arms become stiff. The child may lose consciousness or not be able to respond to 

spoken directions. This is also known as a ‘fit’ or ‘spasm’.  This should be either observed or 

reported to have occurred within the previous 24 hours by the caregiver.  
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3. Lung Sounds  

Children with pneumonia, and other common infections of the airway, can make noises when they 

breath in or out. Some of these noises can be hear without any assistance, but others require a 

stethoscope to hear them. You will need to both listen for these sounds with your naked ear, and 

with a stethoscope.   

 

No stethoscope (place your ear close to the child’s mouth to listen for these sounds):  

• Grunting: this is a soft, short, repetitive sound made consistently when the child breaths 

out, usually early in expiration often sounding like an “ugh”, and it indicates that the child is 
having difficulty breathing. Place your ear close to their mouth to listen for this sound.   

• Wheeze: Wheeze is a high-pitched whistling or musical sound heard at the end of the 

breathing OUT. The child’s small air passages narrow to cause wheezing. Place your ear close 

to their mouth to listen for this sound.  

• Stridor: Stridor is a harsh noise made when a child breathes IN. It occurs when the throat or 

airways are swollen. These conditions are often called croup. This swelling interferes with air 

entering the lungs. If the swelling blocks the child’s airway, it can be life threatening. Be sure 

to look and listen for stridor when the child is calm. A child who is not very ill may have 

stridor only when he is crying or upset. However, a child who is calm and also has stridor has 

a dangerous situation. Place your ear close to their mouth to listen for this sound.  

 

Stethoscope (regular):  

a. The child should be calm and cooperative, as necessary for routine chest auscultation, 

preferably in the parent’s arms.  

b. Ideally, the chest piece (diaphragm) should be able to have direct contact with the skin at all 

four locations described below.  

c. Listen to breath sounds at the FOUR (4) designated locations in sequential order (illustrated 

below), listen for at least 3 FULL RESPIRATORY CYCLES (inspiration + expiration) at each 

position. The listening sequence is (in reference to patient): back left first; then back right, 

then front left on “heart” side, then front right.   

d. Make sure that the stethoscope chest piece is FIRMLY BUT GENTLY applied directly to the 

skin, and DO NOT move or shift the stethoscope during listening at any individual position.  

e. Order of auscultation: (1) back left; (2) back right; (3), left front (cardiac); (4) right front  
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On the oximeter box you will see the result for the oxygen saturation (SpO2), heart rate (PR) and the 

waveform (pleth). It will take at least 10 seconds to see a measurement as the machine needs to 

gather some data. If the child is calm, not moving and the probe is placed well, it should take less 

than one minute to get a measurement, but if the child is agitated or it is hard to place the probe 

well (e.g. the child is curling their toes) it can take a few minutes. Before accepting a measurement, 

follow these rules:  

• Use the TOE as the preferred place of measurement  

• Open the probe WIDE and place the probe over the toe such that the RED light is on the 

top of the toe nailbed  

o Note: the end of the toe should reach the end of the clip probe  

• HOLD the foot gently but firmly as pictured below, DO NOT let go of the foot!  

o Note: if measuring the LEFT TOE, hold with your LEFT HAND such that your hand 

is supporting the foot and the toe and probe are resting in your palm as pictured 

below  

• Wait for the oxygen saturation and heart rate to stabilise   

o The oxygen saturation number should NOT change for at least 3 seconds  

o The heart rate WILL change constantly, but SHOULD be plausible (see guidance 

above)  

• Wait for the waveform to be strong (large and distinct waves) and stable (waves are 

consistent) for a minimum of 3 seconds (same time period as the oxygen saturation 

number); see examples below  

• Wait for the oxygen saturation and heart rate to be biologically plausible   

o For example, an oxygen saturation of <80% is very rare and the child would be 

very sick, so if you see this for a child that is able to run around, this is probably 

a mistake. Check the position of the probe and then wait to see if it changes.   

• Wait for the child to be calm  

o If a child is crying this can make the oxygen saturation lower than it really is  

o Note:  Allow the child to BREAST FEED if this is both culturally appropriate and 

the child is still breast feeding.    

Key point:  This is the ONLY part of the respiratory examination when children are encouraged to 

breast feed.  
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7. Anthropometry  

We will use two measurements to assess the child’s growth and nutritional status – weight for age z-

scores and the mid-upper arm circumference (MUAC).    

Weight  

Weight will be measured using a scale. For a child able to stand still unaided (2 years and above) 

they should stand on the scale. For younger children, they should be placed on the scale in the 

basket. The weight will be given in kilograms.   

MUAC (mid-upper arm circumference)  

The MUAC measurement will be taken using the specific MUAC tape (with the colour coding). Use a 

piece of string to find the mid-point between the top of the shoulder and the bottom of the elbow 

(when the arm is bent to 90 degrees), and then take the MUAC measurement when the child’s arm 
is straightened and hanging loosely on the side. Measurements should always be taken on the LEFT 

arm.   
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Appendix 2: Variable definitions and cleaning notes 

Variable Definition Cleaning notes 

Pneumonia13 Pneumonia (non-severe): cough and/or difficult 

breathing AND fast breathing for age AND/OR chest 

indrawing 

Severe pneumonia: cough and/or difficult breathing 

AND general danger sign* OR hypoxaemia (SpO2<90%) 

OR stridor in a calm child 

Missing data for danger 

signs were assumed to 

be ‘no’ 

Alternative 

pneumonia 

definition 

Pneumonia (non-severe): (cough and/or difficult 

breathing AND fast breathing for age) OR chest 

indrawing OR very fast breathing  

Severe pneumonia: (cough and/or difficult breathing OR 

very fast breathing OR chest indrawing) AND general 

danger sign* OR hypoxaemia (SpO2<90%) OR stridor in 

a calm child 

Missing data for danger 

signs were assumed to 

be ‘no’ 

Malnutrition Moderate malnutrition: MUAC of 115-125mm 

Severe malnutrition: MUAC<115mm OR oedema 

Only generated for 

children aged 6-59 

months 

Crowding Crowding is defined as more than three people per 

habitable room, as set by UN-Habitat.14 The variable 

was created by dividing the total number of residents in 

the compound, by the total number of rooms, as 

reported by the Head of Compound.  

Compounds with more 

than 30 separate 

dwellings were 

excluded.  

Water and 

sanitation 

 

Improved water source is defined as access to a 

protected water source (i.e. piped water, well and 

pump, and borehole); unimproved water source 

included open wells, rivers and lakes. 

Improved sanitation is defined as use of a private toilet 

facility, such as a flush toilet and household pit latrine. 

Unimproved sanitation includes: shared pit latrine, and 

open defecation. 

‘Don’t know’ responses 

to either water source 

or toilet facility were 

excluded. 

 

Wealth quintile Principal components analysis was used to generate a 

compound Wealth Index, which was split into quintiles, 

with the bottom 20% having the lowest wealth. The 

wealth index used the following asset ownership: radio, 

phone, bicycle, motorbike, car, animal cart, TV; land 

ownership; animal ownership; electricity access.  

Missing data was 

assumed to be ‘no’, 
with all participants 

retained. 

Occupation Occupation of the Head of Compound, as self-reported 

by the Head of Compound, or their representative.  

‘Don’t know’ responses 
were excluded. 

Education The highest level of education attained by the Head of 

Compound, as self-reported by the Head of Compound, 

or their representative. 

‘Don’t know’ responses 
were excluded. 

*General danger signs included: unable to feed/drink; vomiting everything; convulsions; 

sleepy/lethargic; unconscious. 
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Appendix 3: Clinical presentation of hypoxaemia children 

Chil

d 

Age 

(month) 
Sex Spo2 (%) 

Heart rate 

(bpm) 

Respiratory 

rate* 

Chest 

indrawing 

Temperatur

e (°C) 
Malnutrition 

Danger 

sign 

Noisy 

breathing 

1 0 Male 88 136 64 (fb) No 36.7 - No No 

2 6 Female 59 115 37 No 35.3 Well nourished No No 

3 9 Male 83 111 44 No 36.3 Moderate malnutrition Yes No 

4 12 Male 82 98 38 No 36.4 Well nourished No No 

5** 15 Male 88 140 50 (vfb) No 36.5 Severe malnutrition No No 

6 22 Female 86 100 48 (fb) No 35.5 Moderate malnutrition No No 

7 25 Male 66 87 28 No 35.9 Well nourished No No 

8 48 Male 84 120 26 No 36.2 Moderate malnutrition No No 

*Children with WHO defined fast breathing are indicated with (fb) and very fast breathing with (vfb).  

**Child was classified as pneumonia using the alternative definition.   
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Appendix 4: Sensitivity analysis and description of cases using the alternative 

pneumonia definition 

We used an alternative pneumonia definition, which did not rely on caregiver’s reporting of cough 
and/or difficult breathing, assuming the presence of very fast breathing for age and/or the presence 

of chest indrawing to be more reliable indicators of respiratory symptoms. With this definition the 

overall point prevalence of pneumonia was 2.8% (n=258/9171), with 0.6% (n=59/9171) having 

severe pneumonia and 2.2% (n=199/9171) having pneumonia. The prevalence was the same across 

age groups (p-value=0.814), and child sex (p-value=0.280).  

Abnormal respiratory sounds were recorded in 18.1% (n=36/199) of those with pneumonia and 

54.2% (n=32/59) with severe pneumonia. Overall, one case of pneumonia using this definition was 

hypoxaemic (1/258, 0.4%), and 7.8% (n=20/258) were moderately hypoxaemic.    

 Pneumonia outcome model using alternate definition (n=9,067) 

Child factors N (%) aOR 95% CI p-value 

Child age  <2 months 10  (2.4%)     

 2-11 months* 54 (3.0%) 1.41 (0.65 3.08) 0.389 

 12-59 months 194 (2.8%) 1.21 (0.58 2.53) 0.610 

Child sex Girl 117 (2.6%) 1.00    

Boy 141 (3.0%) 1.18 (0.88 1.58) 0.258 

Compound factors 

Wealth 

quintile 

Lowest 35 (2.7%) 1.00    

Lower 46 (2.9%) 1.11 (0.62 2.01) 0.720 

Middle 33 (1.9%) 0.70 (0.37 1.30) 0.254 

Higher 58 (2.7%) 1.09 (0.62 1.94) 0.757 

Highest 78 (3.4%) 1.59 (0.89 2.85) 0.118 

Water  Unprotected source 24 (2.5%) 1.00    

Protected source 226 (2.8%) 1.12 (0.63 2.00) 0.702 

Toilet Open defecation 25 (2.7%) 1.00    

 Access to any facility 225 (2.8%) 0.95 (0.54 1.68) 0.868 

Crowding <3 people per room 106 (2.4%) 1.00    

>=3 people per room 144 (3.0%) 1.28 (0.91 1.81) 0.156 

Head of 

Compound 

Education 

No education 29 (1.6%) 1.00    

Informal/religious  178 (3.2%) 2.37 (1.41 3.96) 0.001 

Primary 18 (2.8%) 2.10 (0.95 4.63) 0.066 

More than primary 25 (2.7%) 1.66 (0.80 3.45) 0.177 

Head of 

Compound 

Occupation 

Subsistence farmer 113 (2.9%) 1.00    

Manual labour 39 (3.6%) 1.33 (0.80 2.23) 0.275 

Business/professional 87 (2.4%) 0.75 (0.51 1.12) 0.167 

Not working 11 (2.9%) 0.99 (0.38 2.58) 0.988 

 Likelihood ratio test (p-value) = <0.001 

Compound level intra-cluster correlation = 0.483 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Paediatrics Open

 doi: 10.1136/bmjpo-2022-001640:e001640. 6 2022;BMJ Paediatrics Open, et al. King C



14 

 

Appendix 5: Multinomial logistic regression model, to estimate associations between child and compound factors with categorical 

malnutrition status 

 Moderate malnutrition (n=894) Severe malnutrition (n=319) 

aRR 95% CI p-value aRR 95% CI p-value 

Child age 6-11 months 1.00    1.00    

12-59 months 0.36 (0.30 0.43) <0.001 0.42 (0.32 0.59) <0.001 

Child sex Girl 1.00    1.00    

Boy 0.80 (0.69 0.92) 0.002 0.79 (0.63 1.02) 0.072 

Wealth quintile Lowest 1.00    1.00    

Lower 0.92 (0.69 1.23) 0.578 1.34 (0.82 2.26) 0.230 

Middle 1.17 (0.89 1.55) 0.262 1.35 (0.80 2.36) 0.253 

Higher 1.18 (0.90 1.55) 0.235 1.08 (0.64 1.93) 0.697 

Highest 1.04 (0.78 1.38) 0.812 1.23 (0.73 2.13) 0.411 

Water  Unprotected source 1.00    1.00    

Protected source 1.11 (0.86 1.45) 0.421 1.55 (0.93 2.54) 0.090 

Toilet Open defecation 1.00    1.00    

Access to any facility 0.94 (0.73 1.21) 0.637 1.13 (0.72 1.76) 0.609 

Crowding <3 people per room 1.00    1.00    

>=3 people per room 1.21 (1.02 1.45) 0.033 0.95 (0.69 1.32) 0.767 

Head of 

Compound 

Education 

No education 1.00    1.00    

Informal education 1.53 (1.21 1.93) <0.001 3.55 (2.29 5.51) <0.001 

Primary 1.13 (0.78 1.65) 0.523 2.05 (1.00 4.22) 0.052 

More than primary 0.98 (0.69 1.40) 0.907 1.22 (0.62 2.41) 0.570 

Head of 

Compound 

Occupation 

Subsistence farmer 1.00    1.00    

Manual labour 1.02 (0.76 1.37) 0.893 0.77 (0.46 1.28) 0.310 

Business/professional role 0.88 (0.72 1.07) 0.205 0.71 (0.49 1.03) 0.071 

Not working 0.72 (0.44 1.18) 0.190 0.51 (0.23 1.16) 0.110 
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Appendix 6: Number and proportion of children meeting case definition for 

pneumonia (non-severe or severe) in Jigawa household surveys from Jan-Jun 2021 
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