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Abstract

Background The World Health Organization’s Integrated Management of Childhood
lliness guidelines emphasise respiratory rate (RR) counting for diagnosing childhood
pneumonia. Community health workers (CHWs) play a crucial role in managing
pneumonia in children in low- and middle-income countries (LMICs). In Bangladesh,
community clinics (CCs) are the lowest tier of health facilities, where services are
provided by CHWs designated as Community Health Care Providers (CHCPs). This
study evaluated the ability of CHCPs to measure RR and identify fast breathing for the
diagnosis of pneumonia.

Methods We conducted a cross-sectional study of children aged 0-59 months
presenting with suspected pneumonia at three purposively selected CCs in
Bangladesh. CHCPs from respective CCs counted RR manually, with chest movements
simultaneously videotaped. Six physicians were trained to form a video expert panel
(VEP) that interpreted the RR from the recorded videos. We assessed the ability of
CHCPs to count RR and identify fast breathing, using VEP as the reference standard.

Results Among the 123 enrolled children, CHCPs were able to count an RR of 110
children (89.4%). VEP reached a consensus (i.e., RR count difference within two breaths
per minute (bpm) between two VEP members) for 103 out of 110 children (93.6%).
CHCPs and VEP reached consensus (RR counts within two bpm) for 80 of these

103 children (77.7%), with a mean difference of 0.8 bpm and limits of agreement
ranging from —4.9 to 6.5 bpm. The CHCPs classified fast and normal breathing with a
sensitivity of 100% (95% Cl 73.5-100.0) and a specificity of 95.6% (95% Cl 89.1-98.8),
demonstrating an agreement of 96.1% (95% Cl 90.4-98.9) and a kappa of 0.84.

Conclusions CHCPs demonstrated safe and reliable RR counting, with a tendency
to overestimate fast breathing, yet they did not miss any cases. However, challenges
such as the failure to measure RR in some children and the lack of consensus on RR
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count among VEP members point to potential limitations in the assessment process.
Moreover, the selection of well-trained health workers and the recruitment of patients
with relatively less severe conditions in CCs limit the generalisability of these findings.

Keywords Pneumonia, Respiratory rate, Fast breathing, Community health care
provider, Video expert panel, Reference standard

1 Introduction

Pneumonia is a significant global health concern and a leading cause of mortality among
children under five years of age [1]. In 2015, it was responsible for an estimated 138 mil-
lion cases and 0.9 million deaths worldwide [2]. Low- and middle-income countries
(LMICs) bear the highest burden, with approximately 102 million pneumonia cases
reported among children in 2015, corresponding to an incidence rate of 0.15 episodes
per child-year [3]. In Bangladesh, pneumonia stands as the leading infectious cause of
death in children, accounting for approximately 17% of all under-five mortality [4].

According to the World Health Organization (WHO) Integrated Management of
Childhood Illness (IMCI) guidelines, pneumonia in children is recognised by the pres-
ence of cough and/or breathing difficulty, along with fast breathing or chest indrawing.
The guidelines rely primarily on manual counting of a child’s respiratory rate (RR) by
observing chest movements at the costal margin for 60 s while the child is calm. The
measured RR is then compared to age-specific thresholds to identify fast breathing. Fast
breathing is defined as > 60 breaths per minute (bpm) for infants aged < 2 months, > 50
for children aged 2—11 months, and > 40 for children aged 12—-59 months [5]. In LMICs,
community health workers (CHWSs) play a vital role in the diagnosis and treatment of
common childhood illnesses, including pneumonia. CHWs work at community-based
health centres or provide household-level services [6, 7]. With their knowledge of local
cultures and languages and standardized training, CHWs aim to deliver culturally appro-
priate health care services — meaning care that is respectful of and responsive to the
beliefs, practices, and needs of the communities they serve [7]. Their efforts are instru-
mental in the early recognition of pneumonia, contributing significantly to the reduction
of child mortality [8].

Accurate RR measurement and identification of fast breathing by CHWs are essen-
tial for effective pneumonia diagnosis [9]. However, the accuracy of health workers in
measuring RR has shown variability across studies [10]. A community-based study dem-
onstrated high sensitivity (87.5%) and specificity (98.0%) among CHWs in identifying
fast breathing compared to physicians [11]. Another study reported moderate sensitivity
(78.0%) and low specificity (69.0%) of CHWs compared to a paediatrician in identifying
fast breathing among young infants in a hospital-based study [12]. In a training envi-
ronment, CHWs demonstrated a sensitivity and specificity of 75% and 83%, respectively,
when compared to a study coordinator [13]. Another study showed both sensitivity and
specificity of 81% when compared to an expert panel reviewing video-recorded RR mea-
surements in children [14].

Bangladesh has established about 13,000 community clinics (CCs), with each clinic
serving approximately 6,000 people. CCs represent the lowest tier of health facilities in
the country and typically manage patients with mild illnesses. Each CC is staffed by a
Community Health Care Provider (CHCP), a type of CHW employed by the govern-
ment. CHCPs typically have completed at least a 12th - grade education and undergo a
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three-month pre-service training programme by the Ministry of Health and Family Wel-
fare. This training covers IMCI, basic clinical skills, maternal and child health, and com-
mon communicable diseases, using nationally developed training manuals and job aids.
Competency is assessed through written tests and practical evaluations at the end of the
training. They receive a fixed monthly salary of around 16,700 BDT (approximately 137
USD) from the government. CHCPs are responsible for delivering primary health care
services, including diagnosis and treatment of common childhood illnesses, to the pop-
ulation within their catchment areas [15]. As frontline government-employed CHWs,
CHCPs play a crucial role in improving access to health care in Bangladesh, similar to
CHWs in other LMICs, by bringing communities and the formal health system. Despite
their important role, to the best of our knowledge, no previous studies have assessed the
performance of CHCPs in diagnosing pneumonia in children.

Currently, there is currently no universally recognized gold standard for evaluating
the accuracy of RR measurement [16]. Most studies have relied on manual counts per-
formed by trained professionals, such as physicians or nurses, as a reference standard
[17]. However, manual counting is often considered unreliable owing to potential biases,
including difficulty in simultaneously measuring RR and inconsistencies among human
raters [16, 18]. Automated RR monitors have also been used as reference standards [19,
20], but these devices are also unreliable as they typically infer RR indirectly through
other variables, such as carbon dioxide levels, pulse oximeter signals, or photoplethys-
mography, rather than directly measuring chest movements [17, 21-23].

Videography of a child’s chest movements and interpretation by a standardised video
expert panel (VEP) could be used as a reference standard [16, 18]. However, there may
be variability in the accuracy of RR counts among experts when interpreting RR from
video recordings. If high quality videos could be recorded and the interpretation of RR
from these videos could be systematically conducted by a VEP, it could be an ideal and
non-biased reference standard.

Our study aimed to evaluate the ability of CHCPs to measure RR and identify fast
breathing in children for pneumonia diagnosis in Bangladesh using VEP-determined RR
as the reference standard.

2 Methods

2.1 Study design and setting

The detailed methodology of this study has been published previously [24]. This cross-
sectional study was conducted in 2022 in three purposively selected CCs located in the
Zakiganj sub-district of Sylhet, Bangladesh. Zakiganj was chosen because of its rural set-
ting, high burden of childhood illness, and established collaboration with local health
authorities, which facilitated the study implementation. The three CCs were selected
based on accessibility, patient volume, and operational functionality, to ensure that a fea-
sible number of eligible cases could be enrolled within the study timeline. Each clinic
had one CHCP, totalling three CHCPs, all of whom had previously completed standard
government pre-service training, including modules on IMCI. No additional training
was provided specifically for the study. The selected CHCPs had recently been involved
in a project focused on childhood pneumonia [25]. To establish a reference standard
for RR evaluation, six physicians with a Bachelor of Medicine and Bachelor of Surgery
(MBBS) degree were trained and standardized to form a VEP. Video recordings of the
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children were obtained at the CCs and later interpreted by the VEP for accuracy in the

RR measurement.

2.2 Study population

The study population included infants aged 0—2 months presenting with any illness such
as fever, poor feeding, respiratory symptoms, jaundice, diarrhoea, and skin infections,
and children aged 2—59 months who presented with cough and/or difficulty breathing.
Infants and children with any danger signs (unable to drink or feed, vomit everything,
convulsions, lethargic or unconscious), or whose parents declined to provide consent,
were excluded from the study.

2.3 Sample size and sampling method

During the study period, 209 children visiting CCs were screened consecutively, of
whom 123 were enrolled. The sample size was determined using a web-based sample
size calculator [26] by incorporating disease prevalence into the calculation of sensitivity
and specificity, following Buderer’s method, which adjusts sample size calculations for
diagnostic accuracy studies by accounting for the expected prevalence of the condition
and the desired precision around sensitivity and specificity estimates [27]. Assumptions
included an expected sensitivity of 78%, specificity of 86%, disease prevalence of 34%
[10], precision of 13.5%, 95% confidence level and 10% dropout rate.

2.4 Study procedure

A Canon EOS M50 camera [28] was used to record videos of the children’s chest move-
ments. Once the child was calm, the CHCP counted the RR for one minute while the
video recording was performed simultaneously. On average, each video was approxi-
mately 1 min and 15 s long. The study PI (AMK) was present during RR counting and
video recording in the role of an observer. After counting the RR, the CHCP proceeded
with routine clinical assessment and management, following the IMCI guidelines. This
included classifying illness severity, and providing appropriate treatment or referral as
per the protocol [5]. The videos were transferred to a password-protected computer.
Video editing was performed using Adobe Premiere Pro software solely to remove
unnecessary portions of the recording, eliminate sound, mask any identifiable features,
and reduce file size, without modifying the visual content relevant to RR assessment.
After editing, each video was randomly assigned to two VEP members for RR interpreta-
tion. If both panel members agreed that the video was uninterpretable, it was excluded
from the study. A video was classified as uninterpretable if one or more of the following
criteria were present: the child was not calm or exhibited excessive movement; the chest
and upper abdomen were inadequately exposed; the camera angle was inappropriate;
lighting was insufficient; or overall video quality was poor, including excessive camera
movement. For interpretable videos, if the RR difference between the two panel mem-
bers was < 2 bpm, their average RR was considered to be final. However, if the RR dif-
ference exceeded 2 bpm or there was disagreement regarding interpretability, the video
was reviewed by a third panel member. In cases where discrepancies persisted among
all three members (i.e., no two members had an RR difference of < 2 bpm), the video
was sent to a fourth panel member. If the fourth panel member agreed with any previ-

ous member, the average RR of the agreeing pair was taken as the final value. Videos for
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which no agreement could be reached among any two panel members were excluded
from the analysis (Supplementary Fig. 1).

2.5 Operational definitions
Agreement in RR count between CHCPs and VEP: Defined as a difference in RR counts
between the CHCPs and the VEP of +2, +3 and +5 bpm.

Fast breathing: Defined as a RR equal to or exceeding the WHO IMCI age-specific
thresholds: 260 bpm for infants aged < 2 months, = 50 bpm for children aged 2-11
months, and > 40 bpm for children aged 12—59 months [5].

Agreement in fast breathing classification between CHCP and VEP: Defined as both
the CHCP and the VEP independently identifying the presence or absence of fast breath-
ing in a child, based on age-specific RR cut-offs as per IMCI guidelines [5].

2.6 Statistical analysis

A Bland-Altman plot was generated to illustrate the relationship between RR counts
recorded by CHCPs and those determined by the VEP. The percentage agreement
between the CHCPs and VEP RR counts was calculated for differences within +2, +3,
and +5 bpm. The sensitivity, specificity, positive predictive value (PPV) and negative
predictive value (NPV) for identifying fast breathing were evaluated using the VEP as
the reference standard. Additionally, the Cohen’s kappa statistic was computed.

3 Results
Among the 123 children enrolled, CHCPs were able to count the RR in 110 children.
Among them, VEP reached a consensus in 103 children, who were included in the analy-
sis (Fig. 1).

3.1 Basic characteristics of the children

Table 1 presents the basic characteristics of the children. The median age was 31 months
(inter-quartile range, IQR 15-48 months), with a male-to-female ratio of 1:0.7. The most
common condition during the assessment was awakening and calmness (74.8%), fol-
lowed by asleep (21.4%). The RR of most children (82.5%) was <40 bpm.

3.2 Agreement in respiratory rate count between CHCPs and video expert panel

The Bland-Altman plot shows the agreement in RR between the CHCP RR count and
VEP count (Fig. 2). The mean difference in RR counts between CHCPs and the VEP was
0.8 bpm, with limits of agreement ranged from - 4.9 to 6.5 bpm.

Table 2 presents the proportion of agreement in the RR between the CHCP and VEP.
The overall agreement was 77.7%, 83.5%, and 92.2% at +2 bpm, +3 bpm, and +5 bpm,
respectively. The agreement was lower for children aged 36—59 months, male children,
children with some movements, and those with an RR>60 bpm.

3.3 Accuracy of CHCP in classifying fast breathing

Table 3 shows the accuracy of the CHCP classification of fast breathing considering the
VEP classification as the reference standard. About 15.5% of the children (16/103) were
classified as having fast breathing by CHCP compared to 11.7% (12/103) by VEP. Accord-
ing to a kappa-statistic of 0.84, the overall agreement was substantial. The accuracy of
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Screened: 209

A

Eligible: 123

Excluded due to danger sign: 0

No inclusion criteria: 86

A4

Enrolled: 123

Refused: 0

Failure to count RR by CHCP: 13

A 4

RR counted by CHCP: 110

v

(crying: 11, movement: 2)

v
Interpretable by VEP and
agreement in RR: 103

Disagreement in RR by VEP: 1

Not interpretable by VEP: 6

Fig. 1 CONSORT diagram, CHCP: Community Health Care Provider, RR: Respiratory rate, VEP: Video expert panel

Table 1 Basic characteristics of the children

Characteristics Frequency (%)
Age (months)

0-2 0(0.0)
2-11 20(19.4)
12-35 35(34.0)
36-59 48 (46.4)
Mean (SD) 313(17.8)
Median (IQR) 31.0 (15.0-48.0)
Sex

Male 60 (58.3)
Female 43 (41.7)
Child condition during assessment

Asleep 22(21.4)
Awake and calm 77 (74.8)
Awake with some movements 4(3.9)

RR interpreted by VEP (bpm)

<40 85 (82.5)
40-59 16 (15.5)
>60 2(1.9

Fast breathing interpreted by VEP

Yes 12(11.7)
No 91 (88.3)
Total 103 (100.0)

bpm breaths per minute, IQR inter-quartile range, RR respiratory rate, SD standard deviation, VEP video expert panel

Page 6 of 12
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Table 2 Agreement in respiratory rate count between CHCPs and video expert panel

Characteristics Frequency Agreement in RR count
Within £2 bpm, Within £3 bpm, Within
n (%) n (%) +5bpm,
n (%)
Age (months)
2-11 20 16 (80.0) 17 (85.0) 19 (95.0)
12-35 35 30(85.7) 30(85.7) 31(88.6)
36-59 48 34(70.8) 39(81.3) 45 (93.8)
Sex
Male 60 43(71.7) 48 (80.0) 55(91.7)
Female 43 37(86.0) 38(884) 40 (93.0)
Community clinics
CC 37 22 (59.5) 23 (62.2) 30 (81.1)
CC-2 47 41(87.2) 44 (93.6) 46 (97.9)
CC-3 19 17 (89.5) 19 (100.0) 19
(100.0)
Child condition
Asleep 22 21 (95.5) 21(95.5) 22
(100.0)
Awake and calm 77 58(75.3) 64 (83.1) 71(92.2)
Awake with some movements 4 1(25.0) 1(25.0) 2 (50.0)
RRinterpreted by VEP
<40 85 65 (76.5) 69 (81.2) 78(91.8)
40-59 16 15(93.8) 16 (100.0) 16
(100.0)
>60 2 0(0.0) 1 (50.0) 1(50.0)
Total 103 80(77.7) 86 (83.5) 95(92.2)

bpm breaths per minute, CC community clinic, CHCP Community Health Care Provider, RR respiratory rate, VEP video expert

panel

Page 7 of 12
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Table 3 CHCP classification of fast and normal breathing compared to video expert panel
classification

CHCP classification VEP classification

Fast breathing, n Normal breathing, n Total, n
Fast breathing 12 4 16
Normal breathing 0 87 87
Total 12 91 103
Agreement (95% Cl) 96.1% (90.4-98.9)
Kappa 0.84
Sensitivity (95% Cl) 100.0% (73.5-100.0)
Specificity (95% Cl) 95.6% (89.1-98.8)
PPV (95% Cl) 75.0% (47.6-92.7)
NPV (95% Cl) 100.0% (95.8-100.0)

CHCP Community Health Care Provider, Cl confidence interval, NPV negative predictive value, PPV positive predictive value,
VEP video expert panel

CHCPs in identifying fast breathing compared to VEP and kappa values was consistent
in terms of age and sex. However, the agreement was poor (kappa =0.20) when the child
had some movement during the assessment (Supplementary Table 1).

4 Discussion

We evaluated the ability of CHCPs working in selected CCs in Bangladesh to measure
RR and identify fast breathing compared to the reference VEP assessment. The CHCPs
demonstrated high accuracy in identifying fast breathing, with a sensitivity of 100%,
specificity of 95.6%, and Cohen’s kappa value of 0.84. Importantly, the CHCPs did not
miss any cases of fast breathing identified the VEP. However, they classified 4 out of 91
children as having fast breathing when the VEP determined their breathing to be within
the normal range, indicating false positive classifications.

Previous studies have shown considerable variations in the performance of health
workers in measuring and classifying fast breathing [10, 14, 29, 30]. Compared to these
studies, the CHCPs in our study demonstrated better performance. It is important to
consider the differences in reference standards when making comparisons. For instance,
Mukanga et al. reported sensitivity and specificity of 81% and 87%, respectively, com-
pared to paediatricians conducting in-person assessments in a facility-based study in
Uganda [29]. Similarly, Cardemil et al. documented a sensitivity of 61% and specificity
of 82% against expert clinicians conducting in-person assessments in a community-
based study [30]. In contrast, Sinyangwe et al. used a VEP as the reference standard and
observed both sensitivity and specificity of 81% in a community-based study in Zam-
bia [14]. A systematic review and meta-analysis further highlighted that non-physician
health workers in LMICs could identify fast breathing with an average sensitivity of 78%
and specificity of 86%, although the reference standards across the included studies var-
ied, encompassing both in-person expert assessments and VEPs [10].

Our study also revealed a good agreement between the RR counts measured by
CHCPs and the VEP. Agreement levels were 77.7% within + 2 bpm, 83.5% within + 3
bpm, and 92.2% within + 5 bpm. The mean difference in RR counts between CHCPs and
VEP was only 0.8 (95% CI -4.9 to 6.5). These narrower limits of agreement indicate a
good agreement. When compared to prior studies, the performance of the CHCPs was
notably better. For example, Sinyangwe et al. and Mukanga et al. reported agreements of
46% [14] and 64% [29], respectively, within + 2 bpm, whereas Kallander et al. observed
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71% agreement within + 5 bpm [13]. The variability in results across studies may be
influenced by differences in study settings, health worker training, and case mix, all of
which could impact the RR measurement and classification.

We included children who had some movements during the assessment, as long as the
CHCP and VEP could count the RR through in-person observation and video review,
respectively. However, our findings showed poorer agreement between the CHCPs and
VEP among these children. The IMCI guidelines emphasize that RR should be measured
while the child is calm [31], as movement can interfere with the accurate observation of
chest wall motion. It is likely that the overall performance of CHCPs would have been
better if children who were not calm had been excluded from the analysis.

A key strength of our study was the use of VEP as a reference standard for RR mea-
surements. Most existing studies used an expert’s manual count as a reference standard
[10]. An expert’s RR count may not always be accurate. Moreover, simultaneous RR
counting by healthcare workers and experts may be challenging. The videography of the
child’s chest movements and subsequent interpretation following standardized method-
ology in this study allowed for simultaneous comparisons between manual counts and
a more rigorously established reference standard. This approach mitigated the biases
associated with manual RR counting by experts. The VEP systematically assessed video
recordings to provide accurate and reliable RR measurements, thereby enhancing the
robustness of the findings. This methodology has been validated in previous research
[14, 32] and underscores the utility of VEP as a reliable tool for RR assessment in paedi-
atric populations.

Although the performance of the CHCPs in this study was impressive, these findings
must be interpreted with caution. Several factors likely contributed to the improved
performance of CHCPs in our study. First, the participating CHCPs were a relatively
well-trained and well-remunerated group, and their performance may not reflect that
of health workers in other settings. Second, the study was conducted in only three CCs
and the CCs and CHCPs were not randomly selected. Third, the participating CHCPs
had also recently participated in a project related to childhood pneumonia [25]. Fourth,
most children presenting to the CCs had mild illnesses, with RR typically within normal
ranges and a limited number of children exhibiting fast breathing. Fifth, the presence of
an observer and video recording may have influenced the performance of the CHCPs
through the Hawthorne effect, potentially resulting in better-than-usual performance
[33]. Sixth, interpretations were drawn from a small sample size, resulting in a lower sta-
tistical power to detect a true effect. Finally, during the assessment, some children were
excluded because they were agitated, making it impossible to measure their RR. Certain
videos were excluded from the analysis because they were uninterpretable or the VEP
could not agree on the RR count. These exclusions may have introduced bias into the
analysis.

This study was conducted in rural community settings in Bangladesh, where CHCPs
serve as frontline healthcare workers for primary care, including childhood illness man-
agement. These findings have important implications for similar low-resource settings,
suggesting that with standard pre-service training, CHCPs can reliably assess RR and
identify fast breathing, which is an essential step in pneumonia diagnosis. However, the
study limitations may affect the generalizability of the results to other settings or routine
operational conditions without similar support or oversight.



Khan et al. Discover Public Health (2026) 23:185 Page 10 of 12

5 Conclusions

The study results demonstrated that the CHCPs performed well in measuring RR and
identifying fast breathing. Their counting was safe; they tended to overestimate fast
breathing but did not miss any cases. However, the inability of CHCPs to measure RR in
some children and the lack of consensus among VEP members in certain cases indicate
the challenges in assessing RR in specific situations. These issues may reflect limitations
in the study design or contextual factors affecting CHCP performance. Additionally, the
selection of well-trained and well-experienced health workers using a non-random sam-
pling technique, and the recruitment of relatively less severely ill patients in CCs limit
the generalizability of the results. Future studies should evaluate the performance of
CHCPs in a broader range of contexts and under routine operational conditions to vali-
date these findings further.
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