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42 Abstract

43 Introduction
44 Confidence in caregivers’ assessment of fever in their children, compared to thermometer 
45 readings, could help guide prompt care seeking and appropriate treatment in settings where 
46 access to reliable diagnostic tools is limited. Here, we evaluated the accuracy and drivers of 
47 caregiver-reported ‘hot-to-touch’ fever compared to digital thermometry among children in 
48 the Enterics for Global Health (EFGH) Shigella surveillance study. 

49 Methods
50 Children aged 6–35 months with medically attended diarrhea (MAD) enrolled in Kenya, 
51 Malawi, Bangladesh, and Peru between August 2022 and August 2024 were included. We 
52 trained caregivers to assess and record daily ‘hot-to-touch’ (subjective fever measurement) 
53 and digital (thermometer) axillary temperature (fever defined as ≥37.5°C) readings over for 
54 14 days post-enrolment. We calculated site specific and overall accuracy of ‘hot-to-touch’ 
55 compared to thermometer-measured fever and used multivariable Poisson regression to 
56 identify factors associated with accurate detection.

57 Results
58 The accuracy of caregiver-reported ‘hot-to-touch’ assessment ranged from 62.1% to72.0% 
59 overall and was highest in Bangladesh (83.2%–96.1%) and lowest in Malawi (47.4%–53.4%) 
60 over the 14 day assessment period. Accuracy was higher in children with chest indrawing 
61 (aPR=1.29, 95% CI: 1.04–1.60) and low respiratory rate (aPR=1.20, 95% CI: 1.11–1.29) and in 
62 children from wealthier households (Quintile 5: aPR=1.21, 95% CI: 1.01-1.44). Accuracy was 
63 lower among caregivers from households with ≥3 children (aPR=0.88, 95% CI: 0.79–0.99) and 
64 for children with low heart rate (aPR=0.76, 95% CI: 0.61–0.94).
65

66 Conclusion
67 Suboptimal accuracy of hot-to-touch compared to digital thermometers in detecting fever in 
68 this study supports the need for digital thermometer use and context-specific strategies to 
69 enhance early detection of fever, particularly in communities living in resource-poor settings.
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70 Background

71 Globally, nearly nine percent of an estimated 5.3 million annual preventable child deaths are 

72 caused by diarrhea; over 80% of these deaths occur in low- and middle-income countries 

73 (LMICs) (1). Fever, an axillary body temperature of ≥ 37.5o Celsius is a common symptom of 

74 infection, especially in dehydrating diarrheal illness, and is a major cause of morbidity and 

75 mortality in infants and young children world-wide (2). ‘Hot-to-touch’ is a common subjective 

76 assessment used by caregivers, especially in LMICs, to assess the presence of fever in their 

77 children using a hand to feel for warmth on the child's forehead, neck or other accessible body 

78 parts to sense the degree of heat (3). Although thermometer-measured temperature has been 

79 shown to be the gold standard diagnostic tool for detecting fever in young children, in 

80 resource poor settings caregiver use of ‘hot-to-touch’ assessment for fever at home is more 

81 common (4,5). Household access to thermometers may be limited, with less than 6% of 

82 households in Tanzania reported to own a thermometer (6). Recognizing that a caregiver’s 

83 early detection of fever at home can increase the likelihood of prompt care seeking, the ‘hot-

84 to-touch’ assessment of fever could be an important child survival strategy in resource-

85 constrained and high disease burden settings. 

86 Few studies have quantitatively evaluated the accuracy of caregiver ‘hot-to-touch’ compared 

87 to thermometer-measured fever in infants and young children residing from resource poor 

88 settings. The Enterics for Global Health (EFGH) Shigella surveillance study was a two-year 

89 facility-based study of children aged 6-35 months with medically-attended diarrhea (MAD) to 

90 determine Shigella incidence in seven countries across Africa, Asia and Latin America (7). We 

91 conducted a secondary analysis of data from four study sites to describe the overall accuracy 

92 and evaluate the drivers of accurate caregiver ‘hot-to-touch’ assessment of measured fever.
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93

94 Methods

95
96 Study Setting and Design

97 The EFGH-Shigella study methods, including the study design and data collection and 

98 management procedures, have been described in detail elsewhere (8).  We used a prospective 

99 population and hospital-based approach to collect fever data from children participating in 

100 the EFGH-Shigella surveillance from Kenya, Malawi, Bangladesh and Peru study sites, which 

101 have been described in detail elsewhere (9–12). In brief, the thermometer sub study involved 

102 capturing daily caregiver ‘hot to touch’ assessment and temperature readings of their child 

103 over a 14-day period following enrolment with MAD. The thermometer sub-study started 

104 recruitment in August, 2022 in the Malawi site.

105 Inclusion and Exclusion criteria

106 All children aged 6-35 months participating in the four EFGH-Shigella study sites who had a 

107 diarrhea diary completed, with records of both digital axillary thermometer reading and ‘hot-

108 to-touch’ temperature assessments for at least one day post-enrolment, were included.

109

110 Data Collection

111 All study participants had their household information, demographic, clinical characteristics 

112 collected at enrollment. These information were collected through clinician assessment and 

113 caregiver reports. As part of the recruitment process, caregivers received training during 

114 enrollment on how complete the diarrhea diary including standardizing how to conduct ‘hot 

115 to touch’ assessments before taking thermometer readings to reduce bias.  Caregivers were 

116 counseled to consider the child “hot to touch” by touching the child’s skin, usually on the 

117 forehead, neck, or chest, with the back of the hand or fingers. Caregivers were provided with 

118 digital thermometers to measure and document temperature daily over the fourteen days 
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119 following enrolment, to support comparison with ‘hot to touch’ measurements and provided 

120 presence or absence of fever [diarrhea diary]. 

121

122 A diarrhea diary is a structured tool that can be adapted to record daily episodes of diarrhea 

123 and associated symptoms such as fever in children. Caregivers documented their child’s 

124 clinical symptoms including diarrhea duration, stool frequency, hot-to-touch assessment, 

125 digital axillary thermometer temperature reading, Oral rehydration solution (ORS), zinc and 

126 antibiotic use. Study staff provided training on how to complete the diarrhea diary. Additional 

127 details on the completion and collection of diarrhea diary have been provided elsewhere (8).

128

129 Data management and analysis

130 We defined fever as ≥ 37.5 oC by digital thermometer and ‘hot-to-touch’ was determined by 

131 caregiver report in the diarrhea diary. Wealth quintiles were constructed from a weighted sum 

132 of country-specific wealth indicators derived from national Demographic Health Surveys (13).

133 The overall and site-specific characteristics of the study population were summarized using 

134 frequencies and proportions for categorical variables and median and interquartile range for 

135 continuous variables. We calculated the overall and site-specific agreement, sensitivity, 

136 specificity, positive predictive value (PPV) and negative predictive value (NPV) of ‘hot to touch’ 

137 assessment on thermometer-measured fever by day post-enrollment.

138 When assessing correlates of ‘hot to touch’ accuracy, we defined the outcome variable as the 

139 proportion of daily ‘hot-to-touch’ assessments that matched the thermometer-measured 

140 fever designation over a 14-day period, classifying assessments with ≥50% accuracy as having 

141 good accuracy. Poisson regression with robust standard errors was utilized to determine 

142 factors influencing the accuracy of caregivers' ‘hot to touch’ assessments as described 

143 elsewhere (14). Initially, each potential predictor was examined individually using univariate 

144 Poisson regression models. Variables with a p-value ≤0.2 were included in the multivariable 
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145 model. Both crude and adjusted prevalence ratios (PR) were estimated. We fit models for the 

146 combined dataset that included all sites and additionally conducted site-specific analyses to 

147 account for potential heterogeneity across the individual country sites from which the results 

148 of the adjusted models were reported.  We did not run a site-specific model to Peru due to 

149 low number of children who had both ‘hot-to-touch’ and temperature readings for at least 

150 one day. All analyses were conducted using R version 4.4.1 (R Foundation for Statistical 

151 Computing, Vienna, Austria).

152

153 Ethical Considerations

154 The EFGH protocol was reviewed and approved by the Institutional Review Boards of the 

155 individual implementing institutions (9–11,15). Written informed consent was obtained from 

156 each caregiver before any research activities were performed.

157

158
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159 Results

160 Characteristics of study population

161 Between August 1st, 2022 and August 8th, 2024, we screened 9074 children aged 6–35 months 

162 presenting with MAD, of whom 2998 (31.2%) were enrolled. Among these, 555 (18.5%) did 

163 not have both thermometer and ‘hot-to-touch’ assessments in all the 14-days were excluded, 

164 leaving 2443 (81.5%) children for analysis (Figure 1). The median age was 15 months and just 

165 over half were male (1333/2442, 54.6%) (Table 1). Socioeconomic status varied by country; 

166 most households in Bangladesh and Peru were in higher wealth quintiles, while those in Kenya 

167 and Malawi were predominantly from lower quintiles. The median caregiver age was 25 years, 

168 with most of them not having any form of employment (1571 [64.4%]). Mild diarrhea by the 

169 Modified Vesikari Score (MVS) was most common (1522; 62.3%), with a median duration of 4 

170 days [IQR: 3–6].  The majority of children had normal respiratory rate (2165 [88.6%]) and heart 

171 rate (2342 [96.9%]) at enrollment. Additionally, more than a quarter of the children were 

172 stunted (632 [26.0%]), while only a few had severe wasting (28 [1.2%]). Nearly a fifth of the 

173 children had prolonged diarrhea (415 [17.0%]) with more than two-fifths having a subsequent 

174 diarrhea episode (1058 [43.3%]). Variations in clinical characteristics were noted across 

175 countries; for example, prolonged diarrhea was highest in Bangladesh (36.5%) and lowest in 

176 Kenya (11.1%), while severe diarrhea by MVS (≥ 11) was most frequent in Peru (48%). 

177 Respiratory symptoms were uncommon, with 943 (38.6%) reporting cough and 91 (3.7%) 

178 diagnosed with pneumonia, predominantly in Malawi (6%). Severe wasting was most 

179 prevalent in Bangladesh (2.5%), and stunting was most common in Malawi (28.6%). 

180 β-Good accuracy- ≥ 50% correct ‘hot-to-touch’ assessments within 14-days post- enrolment; 
181 Poor accuracy- < 50% correct ‘hot-to-touch’ assessments within 14-days post- enrolment.
182 Figure 1.  Flowchart of enrolment of children aged 6-35 months presenting with medically 
183 attended diarrhea in the thermometer sub-study between September 2023- June 2024.
184
185

186
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187 Table 1. Characteristics of children aged 6-35 months presenting with medically-attended 
188 diarrhea enrolled in the thermometer sub-study, 2022-2024
189

Variable Category Overall 
(n=2,443)

Bangladesh
 (N=559)

Kenya
 (N=606)

Malawi
 (N=1,228)

Peru 
(N=50)

  n (%) n (%) n (%) n (%) n (%)
Socio-
Demographic 
Characteristics

      

Age (months) Median [IQR] 15 [10-22] 14 [9-21] 14 [9-21] 15 [10-22] 14 [9-19]
6-11m 866 (35.4) 204 (36.5) 229 (37.8) 416 (33.9) 17 (34)

12-17m 624 (25.5) 145 (25.9) 165 (27.2) 296 (24.1) 18 (36)
18-23m 470 (19.2) 107 (19.1) 103 (17) 254 (20.7) 6 (12)

Age category

24-35m 483 (19.8) 103 (18.4) 109 (18) 262 (21.3) 9 (18)
Sex Male 1333 (54.6) 319 (57.1) 343 (56.6) 645 (52.5) 26 (52)

Quintile 1- Least 
wealthy

158 (6.5) 0 (0) 9 (1.5) 131 (10.7) 18 (36)

Quintile 2 561 (23) 46 (8.2) 105 (17.3) 388 (31.6) 22 (44)
Quintile 3 791 (32.4) 112 (20) 182 (30) 487 (39.7) 10 (20)
Quintile 4 579 (23.7) 178 (31.8) 230 (38) 171 (13.9) 0 (0)

Wealth quintile

 Quintile 5- 
Wealthiest

354 (14.5) 223 (39.9) 80 (13.2) 51 (4.2) 0 (0)

<3 2323 (95.2) 555 (99.3) 550 (91.2) 1171 (95.4) 47 (94)No. of children 
<5 yrs in 
household

≥3 117 (4.8) 4 (0.7) 53 (8.8) 57 (4.6) 3 (6)

Caregiver age 
(years)

Median [IQR] 25 [21-29] 25 [21-29] 26 [22-30] 24 [21-29] 25 [20-
31.8]

No employment 1571 (64.4) 529 (94.6) 294 (48.7) 704 (57.5) 44 (88)
Formal 

employment
35 (1.4) 6 (1.1) 16 (2.6) 13 (1.1) 0 (0)

Caregiver 
occupation ¥

Informal 
employment

832 (34.1) 24 (4.3) 294 (48.7) 508 (41.5) 6 (12)

High Education 1419 (58.1) 348 (62.3) 335 (55.3) 695 (56.6) 41 (82)Mother 
education β Low Education 1024 (41.9) 211 (37.7) 271 (44.7) 533 (43.4) 9 (18)

High Education 1637 (73.6) 323 (58) 333 (63.1) 935 (85.6) 46 (95.8)Father 
education β Low Education 588 (26.4) 234 (42) 195 (36.9) 157 (14.4) 2 (4.2)
Clinical 
Characteristics

      

Diarrhea 
Duration

Median [IQR] 4 [3-6] 6 [4-8] 3 [2-5] 4 [3-5] 5 [3.2-7]

Normal 2165 (88.6) 543 (97.1) 532 (87.8) 1048 (85.3) 42 (84)
Low 102 (4.2) 14 (2.5) 42 (6.9) 39 (3.2) 7 (14)

Respiratory 
rate*

High 176 (7.2) 2 (0.4) 32 (5.3) 141 (11.5) 1 (2)
Normal 2342 (96.9) 559 (100) 581 (97.5) 1162 (96) 40 (80)

Low 71 (2.9) 0 (0) 13 (2.2) 48 (4) 10 (20)
Heart rate*

High 3 (0.1) 0 (0) 2 (0.3) 1 (0.1) 0 (0)
Jaundice Yes 35 (1.4) 0 (0) 5 (0.8) 30 (2.4) 0 (0)
Cough Yes 943 (38.6) 129 (23.1) 246 (40.6) 553 (45) 15 (30)
difficulty 
breathing

Yes 35 (1.4) 0 (0) 18 (3) 17 (1.4) 0 (0)

Chest 
indrawing

Yes 11 (0.5) 0 (0) 8 (1.3) 3 (0.2) 0 (0)
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Stridor Yes 3 (0.1) 0 (0) 3 (0.5) 0 (0) 0 (0)
  2443 (100) 559 (100) 606 (100) 1228 (100) 50 (100)
Convulsion Yes 23 (0.9) 0 (0) 2 (0.3) 21 (1.7) 0 (0)
Pneumonia Yes 91 (3.7) 0 (0) 17 (2.8) 74 (6) 0 (0)
Cyanosis Yes 3 (0.1) 0 (0) 0 (0) 3 (0.2) 0 (0)

Yes 2 (0.1) 0 (0) 2 (0.3) 0 (0) 0 (0)
No 1869 (76.5) 1 (0.2) 604 (99.7) 1223 (99.6) 41 (82)

Oxygen 
saturation < 
90% Unavailable 572 (23.4) 558 (99.8) 0 (0) 5 (0.4) 9 (18)
  2443 (100) 559 (100) 606 (100) 1228 (100) 50 (100)
Palmar pallor Yes 23 (0.9) 0 (0) 15 (2.5) 0 (0) 8 (16)
Ear pain Yes 15 (0.6) 0 (0) 5 (0.8) 10 (0.8) 0 (0)
Pus in ear Yes 6 (0.2) 0 (0) 1 (0.2) 5 (0.4) 0 (0)
Prolonged 
diarrhea£

Yes 415 (17) 204 (36.5) 67 (11.1) 128 (10.4) 16 (32)

Persistent 
diarrhea€

Yes 36 (1.5) 14 (2.5) 4 (0.7) 17 (1.4) 1 (2)

Dysentery Yes 275 (11.3) 68 (12.2) 76 (12.5) 122 (9.9) 9 (18)
None 2145 (87.8) 533 (95.3) 420 (69.3) 1181 (96.2) 11 (22)

Severe 15 (0.6) 0 (0) 13 (2.1) 2 (0.2) 0 (0)
Dehydration

Some 283 (11.6) 26 (4.7) 173 (28.5) 45 (3.7) 39 (78)
Any 
subsequent 
episodes

Yes 1058 (43.3) 249 (44.5) 155 (25.6) 631 (51.4) 23 (46)

Mild 1522 (62.3) 333 (59.6) 347 (57.3) 829 (67.5) 13 (26)
Moderate 400 (16.4) 69 (12.3) 114 (18.8) 204 (16.6) 13 (26)

Modified 
Vesikari 
Scoreŧ Severe 521 (21.3) 157 (28.1) 145 (23.9) 195 (15.9) 24 (48)

No 1800 (74) 399 (71.4) 489 (81.1) 874 (71.6) 38 (76)Stunting§

Yes 632 (26) 160 (28.6) 114 (18.9) 346 (28.4) 12 (24)
None 2268 (93.2) 473 (84.6) 581 (96.2) 1168 (95.7) 46 (92)

Moderate 138 (5.7) 72 (12.9) 19 (3.1) 43 (3.5) 4 (8)
Wastingß

Severe 28 (1.2) 14 (2.5) 4 (0.7) 10 (0.8) 0 (0)
190 βHigh education- some secondary, and secondary school or greater; Low education: No education, less 
191 than primary, primary school only, and Koranic school only.
192 ¥

-No employment-Not employed, housewife, and student; Formal employment- professional; Informal 
193 employment-business (self-employed), business (other employer), casual laborer, and farmer.
194 *Cutoffs for heart rate and respiratory rate based on the Pediatric Advanced Life Support (PALS) 
195 guidelines.
196 £

-≥7 days of diarrhea during index diarrhea episode
197 €

-≥14 days of diarrhea during index diarrhea episode
198 ŧScores from of 0-8, 9-10, and ≥ 11 based on a 20-point modified vesikari diarrhea severity scoring 
199 reflect mild, moderate, and severe.
200 §-HAZ < -2 at baseline
201 ß-Severe (WHZ < -3 or MUAC <11.5) or Moderate (-3 ≤ WHZ < -2 or 11.5 ≤ MUAC >12.5)
202

203

204

205
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206 Performance metrics of caregivers' 'Hot-to-Touch' fever assessment

207 Based on thermometer readings captured by clinicians, 433 (14.4%) children had fever at the 

208 time of enrollment and 1,225 (45.7%) were hot to touch.  Among the 81.5% of participants 

209 with both temperature and hot-to-touch assessments recorded on at least one day, data 

210 completeness ranged from 99.8% on Day 1 to 98.7% on Day 14. This demonstrates the 

211 feasibility and acceptability of caregiver-led temperature monitoring using thermometers in 

212 this setting. During the fourteen days post-enrollment, thermometer-measured fever 

213 prevalence ranged from 7.5- 14.1% and hot to touch ranged from 25.5-42.5%.

214 The overall accuracy of caregiver accuracy was 74.4%. The accuracy of caregiver reported 

215 fever, compared to thermometer, ranged between 62.1%-72.0% by day post-enrollment 

216 (Figure 2). Sensitivity decreased from 68.1% on day 1 and to 43.4% on day 14, while specificity 

217 increased from 61.1% on day 1 to 74.0% on day 14. There were site differences in the accuracy 

218 of caregivers ‘hot-to-touch’ assessment by day post-enrollment, with caregivers in Bangladesh 

219 having the highest accuracy (83.2%-96.1%) and those in Malawi having the lowest accuracy 

220 (47.4%-53.4%) (Figure 3). The performance metrics stratified by site are shown in Figure 4.

221 *PPV- Positive predictive value; NPV- Negative predictive value
222 Figure 2:  Performance metrics of caregivers’ ‘hot-to-touch’ assessment of fever in all study 
223 sites combined: 2022-2024 
224
225
226 Figure 3:  Accuracy of caregivers’ ‘hot-to-touch’ assessment of fever across study sites: 2022-
227 2024
228
229 *PPV- Positive predictive value; NPV- Negative predictive value
230 Figure 4.  Assessment of performance metrics of caregivers’ ‘hot-to-touch’ assessment across 
231 study sites: 2022-2024
232

233 Factors Associated with the caregiver’s accuracy of ‘hot to touch’ assessment of fever

234

235 In overall univariate models, sex, wealth quintile, father education, chest indrawing, palmar 

236 pallor, prolonged diarrhea, diarrheal severity and wasting were associated with higher 
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237 caregiver accuracy in the ‘hot to touch’ assessment of fever. Conversely, jaundice, cough, and 

238 subsequent diarrheal episodes were associated with lower caregiver accuracy.

239

240 In the multivariate model, caregivers of children who presented with chest indrawing and low 

241 respiratory rate had 29%, aPR=1.29, 95% CI: 1.04–1.60) and 20% (aPR=1.20, 95% CI: 1.11–

242 1.29) higher accuracy in the subjective assessment of fever, respectively, compared to those 

243 who did not (Table 2).  Additionally, compared to caregivers from households with lowest 

244 wealth index, those from households with a higher wealth status had higher accuracy (quintile 

245 3: aPR=1.21, 95% CI: 1.02–1.44; quintile 4: aPR=1.22, 95% CI: 1.02–1.45; quintile 5: aPR=1.21, 

246 95% CI: 1.01–1.44). However, compared to caregivers from Bangladesh, the accuracy of those 

247 from Malawi was lower by 43% (aPR=0.57, 95% CI: 0.53–0.61). Similarly, caregiver accuracy 

248 was 12% lower in households with three or more children (aPR=0.88, 95% CI: 0.79–0.99) and 

249 24% lower among children with low heart rate (aPR=0.76, 95% CI: 0.61–0.94), compared to 

250 caregivers from households with fewer than three children and those whose children had 

251 normal heart rate, respectively. Factors like caregiver occupation, prolonged diarrhea, and 

252 diarrhea severity  did not retain significance in the final multivariate model.

253

254 Table 2. Factors associated with accuracy of caretakers' tactile assessment of fever among 

255 children aged 6-35 months presenting with medically-attended diarrhea, 2022-2024

Variable Category Unadjusted 
Prevalence Ratio 

[95% CI]

P-
value

Adjusted 
Prevalence Ratio 

[95% CI]

P-value

6-11m Ref Ref
12-17m 0.97 [0.91-1.03] 0.299 0.99 [0.93-1.04] 0.636
18-23m 0.96 [0.89-1.02] 0.181 1.02 [0.96-1.09] 0.47

Age category

24-35m 0.94 [0.88-1.01] 0.074 0.99 [0.93-1.06] 0.855
Sex Male 1.05 [1.00-1.1] 0.033 1.01 [0.97-1.06] 0.498
No. of children <5 
yrs in household

≥3 0.89 [0.78-1.02] 0.083 0.88 [0.79-0.99] 0.036

Quintile 1- 
Least wealthy

Ref RefWealth quintile

Quintile 2 1.26 [1.07-1.50] 0.007 1.10 [0.92-1.31] 0.296
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Quintile 3 1.45 [1.23-1.71] <0.001 1.21 [1.02-1.44] 0.032
Quintile 4 1.74 [1.48-2.05] <0.001 1.22 [1.02-1.45] 0.03

 Quintile 5- 
Wealthiest

1.87 [1.59-2.19] <0.001 1.21 [1.01-1.44] 0.039

Bangladesh Ref Ref
Kenya 0.95 [0.93-0.97] <0.001 0.96 [0.91-1.00] 0.055

Malawi 0.54 [0.51-0.57] <0.001 0.57 [0.53-0.61] <0.001

Site

Peru 0.87 [0.78-0.97] 0.014 0.96 [0.82-1.12] 0.601
No 

employment
Ref Ref

Formal 
employment

1.00 [0.83-1.20] 0.986 0.94 [0.78-1.12] 0.479

Caregiver 
occupation¥

-

Informal 
employment

0.90 [0.86-0.95] <0.001 1.02 [0.96-1.08] 0.584

Caregiver age 
(years)

enroll_cg_age 1.00 [0.99-1.01] 0.27 - -

Mother educationβ Low Education 0.98 [0.93-1.02] 0.303 - -
Father educationβ Low Education 1.15 [1.10-1.21] <0.001 0.98 [0.94-1.02] 0.255

Normal Ref Ref
Low 0.67 [0.53-0.85] 0.001 0.76 [0.61-0.94] 0.01

 Heart rate*

High 0.89 [0.40-1.97] 0.765 0.64 [0.28-1.48] 0.296
Normal Ref Ref

Low 1.24 [1.17-1.32] <0.001 1.2 [1.11-1.29] <0.001
Respiratory rate*

High 0.77 [0.67-0.87] <0.001 0.90 [0.78-1.03] 0.128
Jaundice Yes 0.69 [0.50-0.95] 0.023 0.80 [0.57-1.12] 0.187
Cough Yes 0.91 [0.87-0.96] <0.001 0.98 [0.93-1.02] 0.342
difficulty breathing Yes 0.92 [0.73-1.15] 0.471 - -
Chest indrawing Yes 1.22 [1.01-1.48] 0.036 1.29 [1.04-1.60] 0.02
Convulsion Yes 0.70 [0.47-1.03] 0.073 0.92 [0.62-1.37] 0.68
Pneumonia Yes 1.00 [0.89-1.13] 0.945 - -
Palmar pallor Yes 1.35 [1.32-1.38] <0.001 1.10 [0.99-1.21] 0.054
Ear pain Yes 0.72 [0.45-1.15] 0.166 0.83 [0.58-1.20] 0.321
Prolonged 
diarrhea£

-

Yes 1.14 [1.08-1.20] <0.001 0.99 [0.95-1.04] 0.796

Persistent 
diarrhea€

-

Yes 0.97 [0.79-1.19] 0.77 - -

Dysentery Yes 1.00 [0.93-1.08] 0.958 - -
None Ref - -

Severe 1.09 [0.84-1.40] 0.515 - -
Dehydration

Some 1.10 [1.03-1.17] 0.002 - -
Subsequent 
episodes

Yes 0.89 [0.85-0.93] <0.001 0.96 [0.92-1.01] 0.112

Mild Ref Ref
Moderate 1.06 [0.99-1.12] 0.08 1.05 [0.99-1.11] 0.132

Modified Vesikari 
Scoreŧ

Severe 1.07 [1.02-1.13] 0.012 0.98 [0.93-1.03] 0.379
Stunting§ Stunted 0.97 [0.92-1.02] 0.247 - -

None Ref Ref
Moderate 1.15 [1.07-1.24] <0.001 1.03 [0.96-1.10] 0.443

Wastingß

Severe 1.11 [0.93-1.32] 0.229 1.04 [0.89-1.22] 0.649
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256
257 βHigh education- some secondary, and secondary school or greater; Low education: No education, less 
258 than primary, primary school only, and Koranic school only.
259 ¥

-No employment-Not employed, housewife, and student; Formal employment- professional; Informal 
260 employment-business (self-employed), business (other employer), casual laborer, and farmer.
261 *Cutoffs for heart rate and respiratory rate based on the Pediatric Advanced Life Support (PALS) 
262 guidelines.
263 £

-≥7 days of diarrhea during index diarrhea episode
264 €

-≥14 days of diarrhea during index diarrhea episode
265 ŧScores from of 0-8, 9-10, and ≥ 11 based on a 20-point modified vesikari diarrhea severity scoring 
266 reflect mild, moderate, and severe.
267 §-HAZ < -2 at baseline
268 ß-Severe (WHZ < -3 or MUAC <11.5) or Moderate (-3 ≤ WHZ < -2 or 11.5 ≤ MUAC >12.5)
269
270 From the site-specific models, we observed distinct factors to be associated with the accuracy 

271 of caregivers' ‘hot to touch’ assessment of fever among children aged 6–35 months presenting 

272 with MAD in each of the sites (Bangladesh, Kenya, and Malawi). In Bangladesh, moderate 

273 diarrhea severity (aPR = 1.02, 95% CI: 1.00–1.03) was the only factor significantly associated 

274 with assessment accuracy (Table 3). In Kenya, factors such as low heart rate (aPR = 1.09, 95% 

275 CI: 1.03–1.14), high respiratory rate (aPR = 1.08, 95% CI: 1.03–1.12), jaundice (aPR = 1.06, 95% 

276 CI: 1.01–1.11), difficulty breathing (aPR = 1.15, 95% CI: 1.03–1.28), ear pain (aPR = 1.08, 95% 

277 CI: 1.03–1.15), persistent diarrhea (aPR = 1.09, 95% CI: 1.04–1.16), and stunting (aPR = 1.06, 

278 95% CI: 1.01–1.11) were all associated with higher accuracy, while male sex (aPR = 0.95, 95% 

279 CI: 0.91–0.99) was associated with lower accuracy.  In Malawi, increased caregiver assessment 

280 accuracy was associated with low respiratory rate (aPR = 1.69, 95% CI: 1.45–1.96), chest 

281 indrawing (aPR = 1.99, 95% CI: 1.33–2.98), and pneumonia (aPR = 1.28, 95% CI: 1.07–1.53), 

282 while lower accuracy was observed among children with low heart rate (aPR = 0.50, 95% CI: 

283 0.32–0.79) and in households with three or more children (aPR = 0.65, 95% CI: 0.43–0.97) 

284 (Table 3).

285

286

287

288
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289 Table 3. Factors associated with accuracy of caretakers' tactile assessment of fever among 

290 children aged 6-35 months presenting with medically-attended diarrhea stratified by 

291 Country-Site, 2022-2024

292
Bangladesh Kenya MalawiVariable Category

Adjusted 
Prevalence Ratio 

[95% CI]

Adjusted 
Prevalence Ratio 

[95% CI]

Adjusted 
Prevalence Ratio 

[95% CI]
6-11m Ref Ref Ref

12-17m 1.00 [0.97-1.02] 1.02 [0.95-1.08] 0.95 [0.81-1.11]
18-23m 1.01 [0.99-1.03] 1.02 [0.95-1.09] 1.02 [0.87-1.19]

Age category

24-35m 0.99 [0.96-1.02] 1.04 [0.98-1.11] 0.96 [0.81-1.13]
Sex Male 1.01 [0.99-1.03] 0.95 [0.91-0.99] 1.07 [0.96-1.20]
No. of children <5 yrs in 
household

≥3 1.02 [0.99-1.04] - 0.65 [0.43-0.97]

Quintile 1- 
Least 

wealthy

Ref  Ref

Quintile 2 - - 1.06 [0.84-1.34]
Quintile 3 0.97 [0.94-1.00] - 1.21 [0.97-1.52]
Quintile 4 0.99 [0.97-1.00] - 1.25 [0.98-1.60]

Wealth quintile

 Quintile 5- 
Wealthiest

0.99 [0.98-1.01] - 1.25 [0.90-1.72]

No 
employment

Ref   

Formal 
employment

1.02 [0.99-1.04] - -

Caregiver occupation¥

Informal 
employment

1.02 [0.99-1.05] - -

Mother educationβ Low 
Education

- - -

Father educationβ Low 
Education

- 1.03 [0.99-1.07] 0.8 [0.67-0.97]

Normal  Ref  
Low  1.09 [1.03-1.14] 0.5 [0.32-0.79]

 Heart rate*

High  0.96 [0.89-1.04] -
Normal Ref Ref Ref

Low 1.02 [0.99-1.04] 1.05 [0.99-1.12] 1.69 [1.45-1.96]
Respiratory rate*

High 1.00 [0.99-1.01] 1.08 [1.03-1.12] 0.82 [0.67-1.01]
Jaundice Yes - 1.06 [1.01-1.11] 0.79 [0.49-1.29]
Cough Yes - - -
difficulty breathing Yes - 1.15 [1.03-1.28] 0.69 [0.34-1.44]
Chest indrawing Yes - 0.92 [0.81-1.04] 1.99 [1.33-2.98]
Convulsion Yes - 1.06 [0.95-1.18] -
Pneumonia Yes - 1.03 [0.97-1.09] 1.28 [1.07-1.53]
Palmar pallor Yes - 1.04 [0.99-1.09] -
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Ear pain Yes - 1.08 [1.03-1.15] -
Prolonged diarrhea£

- Yes - - -
Persistent diarrhea€ Yes - 1.09 [1.04-1.16] -
Dysentery Yes - - -

None -   
Severe - - -

Dehydration

Some - - -
Subsequent episodes Yes - 0.97 [0.92-1.03] 0.9 [0.81-1.01]

Mild - Ref Ref
Moderate 1.02 [1.00-1.03] 0.95 [0.89-1.02] 1.15 [1.00-1.32]

Modified Vesikari Scoreŧ

Severe 1.01 [0.99-1.03] 0.99 [0.94-1.05] 0.89 [0.75-1.05]
Stunting§ Stunted - 1.06 [1.01-1.11] -

None - Ref  
Moderate 1.00 [0.97-1.03] 1.02 [0.98-1.07] -

Wastingß

Severe 1.01 [0.99-1.02] 0.65 [0.30-1.42] -
293 βHigh education- some secondary, and secondary school or greater; Low education: No education, less 
294 than primary, primary school only, and Koranic school only.
295 ¥

-No employment-Not employed, housewife, and student; Formal employment- professional; Informal 
296 employment-business (self-employed), business (other employer), casual laborer, and farmer.
297 *Cutoffs for heart rate and respiratory rate based on the Pediatric Advanced Life Support (PALS) 
298 guidelines.
299 £

-≥7 days of diarrhea during index diarrhea episode
300 €

-≥14 days of diarrhea during index diarrhea episode
301 ŧScores from of 0-8, 9-10, and ≥ 11 based on a 20-point modified vesikari diarrhea severity scoring 
302 reflect mild, moderate, and severe.
303 §-HAZ < -2 at baseline
304 ß-Severe (WHZ < -3 or MUAC <11.5) or Moderate (-3 ≤ WHZ < -2 or 11.5 ≤ MUAC >12.5)
305

306 Discussion
307
308 Despite the widespread use of ‘hot-to-touch’ assessments as a first line of fever detection by 

309 caregivers in LMICs, its diagnostic accuracy compared to thermometer-measured fever is 

310 poorly characterized. We evaluated the accuracy and drivers of caregiver-reported ‘hot-to-

311 touch’ fever compared to thermometer-measured fever among children aged 6–35 months 

312 with MAD in four resource-limited settings. We observed that hot to touch may substantially 

313 overestimate fever, sometimes by more than three-fold, when compared to thermometer-

314 measured fever, aligning with similar observations reported by Felix et al. (2). We also 

315 demonstrated the feasibility and acceptability of caregiver-led temperature monitoring using 

316 thermometers, with more than four-fifths of caregivers recording both temperature and hot-
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317 to-touch assessments on at least one day.  Data completeness in this group remained high 

318 throughout the follow-up period (≥ 98.7%).

319 The accuracy of caregivers’ ‘hot-to-touch’ assessments by day post-enrollment were 

320 moderate (62%-72%) and varied considerably across countries, with the highest accuracy 

321 observed in Bangladesh (83%-96%) and the lowest in Malawi (47%-53%). Accuracy declined 

322 over the days following enrollment, with sensitivity decreasing and specificity increasing 

323 during the 14-day follow-up period. Caregiver ‘hot-to-touch’ accuracy was higher among 

324 caregivers from wealthier households and for children presenting without signs of severe 

325 respiratory distress, including chest indrawing or a high respiratory rate, while accuracy was 

326 lower in households with three or more children under five, as well as among children 

327 presenting with lower heart rates. This highlights the need for continued use of conventional 

328 fever detection methods in clinical settings.

329

330 Our finding of the moderate accuracy of caregivers’ ‘hot-to-touch’ assessments aligns with 

331 previous studies indicating that such subjective evaluations are often unreliable for detecting 

332 fever (5,16,17). This highlights the need to equip community health workers who are closer 

333 to households with thermometers and reinforces the continued use of conventional, objective 

334 fever detection methods in clinical settings. Furthermore, the observed heterogeneity in 

335 caregivers’ ‘hot-to-touch’ assessments across sites may be attributed to cultural differences, 

336 healthcare-seeking behaviors, or environmental factors influencing caregivers’ perceptions of 

337 fever (18). In regions with endemic malaria and infectious disease, caregivers might be more 

338 alert and unintentionally overestimate fever as a symptom of potential infection (19) . In 

339 settings like Malawi, where accuracy of caregivers’ ‘hot-to-touch’ assessments was low, there 

340 is need for enhanced awareness of healthcare seeking strategies targeted at child survival. In 

341 contrast, in Bangladesh where accuracy was much higher, leveraging health care seeking 

342 awareness on fever detection by ‘hot-to-touch’ could improve prompt treatment in such 
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343 settings. In both settings, there was no concern with use of digital thermometers in homes 

344 and thus thermometers could be used. These findings highlight the need to consider site-

345 specific factors when designing public health interventions such as fever detection and 

346 management strategies.

347 Lower respiratory rates, chest indrawing and higher wealth quintiles were associated with 

348 improved caregivers’ accuracy in assessing fever. The latter association may be linked to 

349 better overall health knowledge, access to healthcare resources, and socioeconomic 

350 advantages that influence caregiving practices. Higher wealth quintiles suggest economic 

351 empowerment and access to better healthcare, which can enhance caregiver ability to assess 

352 symptoms and seek care promptly, consistent with findings from previous studies (20). In 

353 parallel, it has been documented that fever may by itself alter respiratory rate, this could in 

354 part explain why chest indrawing and lower respiratory rates could potentially make febrile 

355 symptoms easier to identify (21). This finding emphasizes the role of overall child health in 

356 accurate fever assessment. Taken together, these findings highlight the need of addressing 

357 socioeconomic disparities and promoting health education to improve caregivers’ accuracy in 

358 fever detection to enhance child survival. Public health strategies should focus on 

359 empowering caregivers in lower socioeconomic settings through health education and access 

360 to affordable healthcare tools, fostering equitable health outcomes and timely illness 

361 detection.

362 Having three or more children under five years in a household and a lower heart rate were 

363 associated with reduced caregiver ‘hot-to-touch’ accuracy. A higher number of children in 

364 households could reduce accuracy due to a potential overload on caregivers, which may 

365 hinder their ability to assess individual children’s fever accurately. This is congruent with a 

366 World Health Organization systematic review found that a caregiver's ability to appropriately 

367 respond to a child's signals depends on their overall sensitivity; that is, the caregiver’s capacity 

368 to notice, understand, and respond consistently to the child’s needs—a quality that is 
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369 diminished when caring for several children under five (22). Moreover, a low heart rate is an 

370 indicator of severe illness, which may be overlooked by caregivers using only ‘hot-to-touch’ 

371 fever assessment. This observation is corroborated by a systematic review, which found that 

372 in resource-limited settings, caregiver recognition of syndromes associated with fever—such 

373 as malaria, pneumonia, and diarrhea—is generally poor (18). Public health initiatives should 

374 focus on providing caregivers with practical training and support, particularly in high-burden 

375 households, to enhance their skills in fever assessment and ensure timely medical 

376 intervention for at-risk children.

377 A key limitation is that clinical factors were recorded only at enrollment, meaning the analysis 

378 could not account for any changes in the child's condition during the 14-day follow-up. 

379 Another underlying assumption is that the characteristics of children included in the study are 

380 comparable to those who had diarrhea but either did not seek care or sought care at non-

381 sentinel health facilities. However, this may not hold true, highlighting the need for caution 

382 when generalizing the findings.

383

384 Conclusion

385 While ubiquitous in LMICs, the ‘hot-to-touch’ fever assessment exhibits only moderate 

386 accuracy compared to digital thermometers, is highly variable across settings, and often 

387 overestimates fever prevalence. This underscores the method's inherent limitations and 

388 necessitates a dual public health approach. First, it is critical to maintain thermometers as the 

389 standard in clinical settings while expanding their availability to community health workers. 

390 Second, public health interventions to bolster prompt detection of fever should be context-

391 specific in addressing the root causes of inaccuracy through targeted health education and 

392 socioeconomic support, thereby creating a more robust safety net for at-risk children.

393
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