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15 Abstract

16         Shigellosis remains underdiagnosed due to the lack of rapid, reliable diagnostics. 

17 Although Shigella spp. is known for causing dysentery, over 50% of Shigella-associated 

18 cases are watery diarrhea. Identifying and treating these cases of watery diarrhea caused by 

19 Shigella could be lifesaving, which would require a point-of-care (POC) Shigella test. 

20 Evidence-based treatment could also reduce the overuse of antibiotics. We evaluated the 

21 feasibility and applicability of the Rapid LAMP-based Diagnostic Test (RLDT) assay for 

22 detecting shigellosis in a healthcare facility. Stool samples (n=228) were collected from 

23 children seeking facility care during diarrhea and on their follow-up visits from an ongoing 

24 case-control study, INSIGHT. The stool samples were tested by the INSIGHT lab personnel 

25 using the RLDT for Shigella spp. The lab personnel at a rural primary healthcare facility, 

26 Mirzapur Upazila Health Complex (MUHC) in Bangladesh, received training in RLDT and 

27 retested the stool samples with RLDT at the MUHC; the results were compared. The 

28 acceptance of RLDT at MUHC was also evaluated through questionnaires. After training, the 

29 MUHC lab personnel independently performed RLDT. The RLDT tests performed by the 

30 MUHC showed sensitivity of 98% and specificity of 99%, with an almost perfect agreement 

31 (Kappa = 0.96) compared with the pre-tested RLDT results. The RLDT assay was well 

32 received by the MUHC, despite the general challenges of limited manpower and resources at 

33 rural health care facilities. This study demonstrates the potential of using RLDT as a POC test 

34 in Shigella-endemic countries to support evidence-based treatment, saving lives and reducing 

35 inappropriate antibiotic use.

36
37 Keywords. Diagnostics; RLDT; Rapid test; Shigella; Diarrhea; Health facility. 
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39 Keypoints. RLDT, as a simple and accurate diagnostic tool, offers a practical solution for 

40 Shigella detection in low-resource settings. Scaling up RLDT will empower health systems 

41 by enabling timely diagnoses to guide treatment and reduce antimicrobial resistance.

42
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44 Introduction

45         Shigella species (Shigella spp.) is a primary cause of moderate-to-severe diarrhea (MSD) 

46 in children living in impoverished areas of the world. Although mortality has decreased in 

47 recent years to ~70,000 [1, 2]  there are at least 80 million cases of shigellosis each year with 

48 estimated disability adjusted life years (DALYS) at 7 million and year loss due to disability 

49 (YLDs) at 744,000 [1-4].  Shigella can present as dysentery or watery diarrhea, and may 

50 accompany complications like encephalopathy and rectal prolapse. Shigella infection could 

51 result in long-term adverse consequences, affecting linear growth, leading to stunting, and may 

52 delay psychomotor development [5-8]. WHO designates Shigella as a high-priority enteric 

53 pathogen for vaccine development [5, 6], although no licensed vaccine is yet available. 

54 Antimicrobial resistance of Shigella is rapidly increasing and currently poses a global threat. 

55 Shigellosis is one of the underdiagnosed and underreported diseases in low- and middle-income 

56 countries (LMICs), especially because of the absence of an appropriate diagnostic tool. The 

57 direct culture method is considered the gold standard diagnostic method for detecting Shigella. 

58 However, the culture method is less sensitive, requires 2-3 days, and is not often available in 

59 the health facilities or laboratories of LMICs [9]. Recent studies showed that analysis of stool 

60 samples using quantitative PCR revealed a significantly higher Shigella-associated diarrhea 

61 among children under 5 than previously estimated Shigella-attributed diarrhea cases using the 

62 culture method [9-12].  Conventional PCR and Quantitative PCR (qPCR) are highly sensitive 

63 but require a well-equipped laboratory facility and trained laboratory personnel, which are 

64 often only available at the referral laboratories and a few tertiary care hospitals of LMICs. 

65 Besides, these assays are expensive and require cold chain maintenance and, therefore, are 

66 unsuitable as point-of-care tests in low-resource settings where shigellosis is endemic. 
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67         Clinical symptoms, especially dysentery with visible blood in stool, are suggestive of 

68 shigellosis. However, currently over 50% of the Shigella-associated diarrhea cases are 

69 presenting as watery diarrhea [10, 13-16]. A systematic review and meta-analysis on the 

70 identification and management of Shigella showed that the sensitivity of dysentery for 

71 identifying shigellosis has declined from 85.9% to 1.9% over time [17]. WHO diarrhea 

72 treatment guidelines recommend oral rehydration solution along with the provision of zinc for 

73 watery diarrhea cases, keeping antibiotics reserved for severe cholera and cases with dysentery 

74 (visible blood or caregiver-reported blood in stool) [18, 19]. Therefore, in the absence of a 

75 point-of-care diagnostic assay, this large number of Shigella-associated watery diarrhea cases 

76 would be undiagnosed and untreated, which poses a severe health risk, including mortality in 

77 these children. 

78         We previously developed a rapid LAMP-based diagnostic test (RLDT) for detecting 

79 Shigella (ipaH gene) from stool samples to address this gap in diagnosing shigellosis in low-

80 resource settings [20]. RLDT is simple and rapid (< 1 hour), performed directly from stool with 

81 minimum sample preparation, and avoids maintaining a cold chain. RLDT can be performed 

82 from fresh stools, frozen stools, rectal swabs, and dry stool spots. Moreover, the analytical 

83 lowest detection limit of RLDT is similar to qPCR, and diagnostic sensitivity ranging from 93 

84 to 100% when compared to qPCR [21-23]. The RLDT assay for Shigella had been evaluated 

85 in India [21], Zambia [23], and Burkina Faso [24]. 

86         In this study, we aim to evaluate the feasibility of the RLDT assay for detecting Shigella 

87 in a rural primary health care setting in Bangladesh for case detection and treatment. We also 

88 evaluated the acceptance of RLDT at that health care facility.  

89

90 Methods
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91 Study site 

92         For testing the feasibility of RLDT, we selected a rural primary health care facility, 

93 Mirzapur Upazila Health Complex (MUHC), which is a 50-bed sub-district healthcare facility 

94 run by the health system of Bangladesh. 

95         Fig 1 illustrates the organizational structure of the health system of Bangladesh and the 

96 position of MUHC. The responsibilities of health service delivery are undertaken by two 

97 ministries- the Ministry of Health and Family Welfare (MOHFW) and the Ministry of Local 

98 Government, Rural Development and Cooperatives - along with their subordinate 

99 organizations and service points. Upazila Health Complex, like MUHC, is a part of the primary 

100 healthcare system in Bangladesh. MUHC is located in the rural Mirzapur sub-district, 70km 

101 northeast of the capital city, Dhaka, of Bangladesh. The facility has a small, basic diagnostic 

102 laboratory with two lab personnel. Every year, this sub-district healthcare facility treats around 

103 1,63000 patients, including 6000 diarrheal patients of all ages. Lab personnel of MUHC 

104 conduct, on average, 90 laboratory tests every day.

105         We conducted this study under an ongoing prospective case-control study titled "Impact 

106 of Non-Dysentery Shigella Infection on the Growth and Health of Children over Time-

107 INSIGHT" [25].  The INSIGHT study enrolled children under five, who were seeking care for 

108 diarrhea at the Kumudini hospital (a tertiary care hospital) in Mirzapur and were positive for 

109 Shigella by the RLDT. These children were followed for one year with home visits twice a 

110 week. 

111
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112 Fig 1. Organogram of the Health System of Bangladesh. The position of the UHCs (eg, 

113 MUHC) is shown in green.  

114
115
116
117 Sample collection and selection for this study 

118         Stool specimens were collected from the acute diarrheal children for screening and 

119 enrollment in the INSIGHT study. We also collected stool samples from the enrolled children 

120 during the scheduled follow-up visits. All samples were tested by RLDT for detecting Shigella 

121 in the INSIGHT study laboratory in Mirzapur. If the child with diarrhea was positive for 

122 Shigella, by RLDT, along with 12% RLDT-Shigella negative stool samples were sent to the 

123 icddr,b Dhaka clinical laboratory for culture and serotyping. Between 1st February 2023 and  

124 31st October 2023, 228 stool samples were collected and tested with RLDT on the designated 

125 days of testing at the MUHC; 137 stool samples were collected from children who were having 

126 diarrhea at the time, and the rest were collected during follow-up visits after the diarrhea 

127 resolved. These 228 stool samples were used for the RLDT evaluation and feasibility study at 
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128 the MUHC. The follow-up samples were included to test asymptomatic and Shigella-negative 

129 samples.

130 RLDT test 

131         The details of the RLDT test procedure were described previously [20]. In short, RLDT 

132 includes a simple, rapid, and sensitive method for sample preparation directly from stool to 

133 facilitate the use of the assay in low-resource settings. Stool samples were added to the sample 

134 processing tube with lysis buffer, followed by heat lysis. The processed samples were then 

135 added to the lyophilized RLDT reaction strips. Each strip consisted of 8 tubes, organized as 

136 two reaction tubes, one for ipaH, and one tube for the RLDT assay inhibitor control. The strips 

137 were run for 40 minutes in the RLDT reader. 

138 Study procedure

139         Two days a week were selected for testing stool samples over a 9-month period in the 

140 MUHC. On the testing days, children were enrolled in the INSIGHT study, the stool samples 

141 were collected and first tested using RLDT at the INSIGHT laboratory by the INSIGHT study 

142 staff, and on the same day, sent to the MUHC for retesting by the MUHC staff. The distance 

143 of MUHC is 10 km from the INSIGHT laboratory. At MUCH, the staff registered their results 

144 in a logbook at the end of the tests. A total of 54 stool samples were sent for culture to the 

145 icddr,b  laboratory. 

146         For the evaluation of the acceptability of this assay, we conducted a semi-structured 

147 interview among the two lab staff members of MUHC and the Upazila Health and Family 

148 Planning Officer (UHFPO), who is the facility head and the lead of the administrative and 

149 clinical services of MUHC. Each interview session was conducted in a closed-door setting, so 

150 no one person was aware of the responses from another. Each interview session took 

151 approximately 25 minutes. 
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152 Ethical consideration

153         The study protocol was reviewed and approved by the Institutional Review Board of the 

154 Johns Hopkins Bloomberg School of Public Health and the Ethical Review Committee of the 

155 icddr,b. We obtained informed, voluntary, written consent from the parents/caregivers of the 

156 study participants. All the data collection methods were performed in accordance with the 

157 Declaration of Helsinki.

158 Statistical analysis

159         The RLDT test results from the MUHC were compared with the INSIGHT study RLDT 

160 results (Gold standard) to determine sensitivity and specificity. The test results were run and 

161 interpreted by the laboratory personnel of the INSIGHT laboratory and the MUCH, blinded to 

162 each other. Sensitivity, specificity, positive predictive value (PPV), negative predictive value 

163 (NPV), and test accuracy were expressed as percentages. For measuring the agreement between 

164 the tests performed by the study laboratory personnel and the sub-district laboratory personnel, 

165 we used Cohen's  Kappa coefficient scoring. The data were analyzed using STATA version 17 

166 (Stata SE V.17, Stata Corp, College Station, Texas, USA). 

167

168 RESULTS

169 Laboratory set up at the MUHC

170         The MUHC has a rudimentary laboratory to perform the basic routine diagnostic tests, 

171 such as WBC count with ESR, urine RME, Widal test, ASO titres, blood grouping, Rh typing,  

172 Serum Glutamate Pyruvate Transaminase (SGPT), Serum Glutamate Oxaloacetate 

173 Transaminase SGOT, serum glucose, serum creatinine, serum cholesterol, pregnancy test, etc.,  

174 of the visiting patients. The laboratory is 330 square feet and equipped with two microscopes, 

 . CC-BY 4.0 International licenseIt is made available under a 
perpetuity. 

 is the author/funder, who has granted medRxiv a license to display the preprint in(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted December 11, 2025. ; https://doi.org/10.64898/2025.12.08.25341873doi: medRxiv preprint 

https://doi.org/10.64898/2025.12.08.25341873
http://creativecommons.org/licenses/by/4.0/


10 | P a g e

175 one �semi-auto analyzer for biochemical tests, one cell counter, pH meter, two centrifuge 

176 machines, rapid checking devices for Dengue, HBsAg,  and HIV, reaction checking strips, 

177 several micro pipettes, and two �refrigerators. RLDT assay requires the RLDT kit (stable at 

178 room temperature), a small heat block, and a battery-operated handheld reader for reading the 

179 RLDT results. Because of the minimum equipment needed, the RLDT assay was feasible to 

180 set up even in this small but crowded laboratory at the MUHC.  For RLDT, we set up a small 

181 table in a corner of the laboratory for stool receiving and processing activities and set up the 

182 RLDT reader on another bench. 

183 Training of the RLDT assay

184         Under the INSIGHT study, field laboratories were established. The field laboratory staff 

185 were trained by the Johns Hopkins University in RLDT and certified. To conduct the RLDT 

186 evaluation and feasibility study,  two laboratory personnel of the INSIGHT study were selected 

187 as trainers. Both have a Diploma in Medical Technology and have been performing RLDT in 

188 the INSIGHT field laboratory for the last 4 years, and have tested over 7000 stool samples with 

189 RLDT effectively. The INSIGHT trainers trained the two lab staff at the MUHC who are 

190 government employees at the health system of Bangladesh and employed to run the routine 

191 laboratory activities at the MUHC. Both of them also have a Diploma in Medical Technology, 

192 but neither of them had any previous knowledge or exposure to RLDT or any molecular 

193 diagnostic assays, nor had they worked with any stool test.  For training, on the first day, a 

194 written protocol and a PowerPoint presentation of the procedures were provided to the MUHC 

195 staff, followed by hands-on training. MUHC staff then performed the RLDT assay 

196 independently but under the observation of the INSIGHT trainers for the next three days, after 

197 which they performed the RLDT tests independently without oversight. 

198 Performance of RLDT in clinical settings
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199         A total of 228 samples, including 137 diarrheal and 91 asymptomatic stool samples, were 

200 re-tested by the staff at MUHC. Among these, 41 samples (17.98%) tested RLDT positive by 

201 the INSIGHT study staff, and 42 samples (18.42%) tested RLDT positive at the MUHC. The 

202 sensitivity, specificity,  PPV, NVP, and accuracy of the RLDT test for total samples at MUHC 

203 were between 95.2% to 99.5% and for all the asymptomatic samples were between 94.7% to 

204 97.8%(Table 1). 

205

206 Table 1. Performance of the tests executed in MUHC laboratory  

Positive 
at 
INSIG
HT 
study 
laborat
ory

Positive 
at sub-
district 
laborato
ry

Sensitivity 
(%)

Specificity 
(%)

PPV (%) NPV (%) ROC Accurac
y (%) 

 Stool 
sample

s
(n)

n (%) n (%) 95% CI 95% CI 95% CI 95% CI 95% CI  
Total 
sample

228 41 
(17.98)

42 
(18.42)

97.6 (87.1-
99.9)

98.9 (96.2-
99.9)

95.2 (83.8-
99.4)

99.5 (97.0-
100.0)

0.98(0.96-
1.0)

98.68

Diarrhea
l sample

137 22 
(16.06)

23 
(16.79)

100 (84.6-
100.0)

99.1 (95.3-
100.0) 

95.7 (78.1-
99.9)

100.0 
(96.8-
100.0)

1.0 (0.99-
1.0)

99.27

Asymto
matic 
samples

91 19 
(20.88)

19 
(20.88)

94.7 (74.0-
99.9)

98.6 (92.5-
100.0)

94.7 (74.0-
99.9)

98.6 (92.5-
100.0)

0.97 (0.91-
1.0)

97.8

207
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208         The agreement between the performance of MUHC staff and the INSIGHT laboratory 

209 staff in RLDT testing was highly consistent, achieving a Kappa coefficient score of 0.9558. 

210 (Fig 2)

211

212 Fig 2. Agreement between the performance of the RLDT conducted by MUHC personnel 

213 and INSIGHT personnel

214
215

216 Comparison of RLDT with culture

217 Among the 228 stool samples, all the RLDT-positive (by INSIGHT laboratory) diarrheal stool 

218 samples (n=22), 20% of the RLDT-negative diarrheal stool samples (n=23), and nine non-

219 diarrheal RLDT-positive samples were sent for stool culture. From the RLDT positive diarrheal 

220 samples, 9 (40.9%), and from the non-diarrheal samples, 2 (22.22%), were culture positive for 

221 Shigella spp. None of the RLDT negative stool samples yielded any Shigella isolates by 

222 culture.   

223 Qualitative Evaluation
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224         The two medical technologists and the Upazila Health and Family Planning Officer 

225 (UHFPO), of MUHC were asked for their perception of RLDT and the benefits and challenges 

226 of implementing RLDT at the subdistrict level of the health system. Both medical technologists 

227 were receptive to RLDT's potential to support treatment in underserved communities.  Both 

228 acknowledged that the assay is simple and can be performed at their facility, although they 

229 differed on their opinion on the time required to perform the RLDT. While one of them thinks 

230 ~50 minutes for the whole assay with the hands-on time of ~6 minutes is reasonable and 

231 acceptable, the other said that although he could utilize the 40 minutes that was the reaction 

232 time in the reader for other work, a shorter duration would be better. According to both, if the 

233 higher authority (UHFPO) agrees and supports including RLDT in diagnostic algorithms at the 

234 hospitals, then scaling up RLDT across health facilities is possible. Both expressed concerns 

235 regarding the challenges of limited human resources, short duty hours, and a considerable 

236 workload in attending to the testing needs of a large patient population. 

237         The UHFPO, with four years of experience as head of MUHC, also viewed RLDT 

238 positively, recognizing its role in improving diarrhea diagnosis and treatment decision-making 

239 and linking it to antimicrobial resistance (AMR) mitigation. To him, RLDT is feasible to 

240 deploy in health facilities, with no significant staff-reported challenges noted. He mentioned 

241 that initially, the medical technologists were reluctant to absorb this extra workload; however, 

242 after starting the RLDT test, they were willing and cooperative. He also added that as 

243 government employees, the medical technologists have to follow the directives of the authority. 

244 While acknowledging that RLDT is simple and can be scaled up, he also emphasized the need 

245 for improved lab conditions, more hands-on training on assays, and the absence of a system for 

246 quality monitoring and compliance, which are critical gaps for sustained implementation of 

247 any diagnostic test.

248 Challenges observed by the study investigators
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249         MUHC is one of the busiest sub-district healthcare facilities with the highest patient 

250 turnover in that area. This is the only facility with a government-funded laboratory in that 

251 locality, which provides testing at subsidised rates. Thus, the laboratory personnel were often 

252 occupied with the routine laboratory tests to meet the need for the enormous patient load. 

253 Hence, even the technologists were willing to do the RLDT test, since the RLDT was not 

254 included in their scheduled tests, sometimes, absorbing the extra time to perform the RLDT 

255 test was challenging. 

256

257 DISCUSSION

258         This is the first study to evaluate the feasibility and applicability of RLDT for the 

259 detection of Shigella spp. in a health care facility. This study demonstrated that the RLDT 

260 could be performed in a primary health care facility in rural Bangladesh. This study also 

261 established that the Government lab staff members of a rural basic health facility, who had no 

262 prior experience in molecular tests or handling stool samples, could be trained to perform 

263 RLDT. In addition, since RLDT is simple and requires minimal equipment, it was feasible to 

264 perform in a rudimentary, small clinical laboratory of the MUHC. 

265         The performance of the RLDT assay in detecting Shigella at MUHC was comparable to 

266 the performance of the RLDT by the experienced INSIGHT lab personnel, with a sensitivity 

267 and specificity of over 97%. There was almost perfect agreement between the tests performed 

268 by the MUHC personnel and the INSIGHT personnel. Similar high sensitivity and specificity 

269 of the MUHC RLDT tests were also found when analyzed within the diarrhea and non-diarrheal 

270 stool samples. Of note, all the culture-positive stool samples were also positive by RLDT, and 

271 none of the RLDT-negative stool samples were positive by culture, which supports the high 

272 specificity of the RLDT assay. The diagnostic performance of RLDT for detecting Shigella has 
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273 been field evaluated and reported similar observations in India, Zambia, and Burkina Faso [21-

274 23]. These studies compared RLDT with culture, PCR, and quantitative PCR (qPCR) methods, 

275 which resulted in a sensitivity and specificity of RLDT for detecting Shigella compared to 

276 qPCR ranging from 93 to 100%. 

277         As shown in the previous studies, the sensitivity and the lowest detection limit of RLDT 

278 were comparable with qPCR and more than two-fold higher than culture [21-25]. Our study 

279 also showed similar results, that only 41% of the RLDT-positive diarrheal stool samples were 

280 culture positive. A reanalysis of GEMS data reported that culture missed half of the Shigella 

281 attributed MSD diarrhea cases and also missed half of the deaths caused by Shigella [10, 16, 

282 17]. The implication of this is that a culture, like a low-sensitivity assay, may miss many 

283 shigellosis cases, which, if treated, might be life-saving [10, 16], and the RLDT assay, which 

284 is both simple and sensitive, could fill this gap.  

285         The qualitative interviews of the medical technologists and the higher authority at the 

286 MUHC highlighted both the potential benefits and key challenges of implementing RLDT at 

287 the subdistrict level. While they acknowledged RLDT as a simple assay that could be 

288 performed at the MUHC with limited capacity and scaled up, they also highlighted the 

289 challenges of low human resources and a considerable workload, which is common in these 

290 healthcare facilities. However, they also mentioned that if RLDT testing is included in the 

291 policy guidelines for diarrhea diagnosis and treatment, it could be implemented. 

292         Diarrhea can be caused by an array of bacteria, viruses, or parasites. The clinical features 

293 of diarrhea alone cannot distinguish between bacterial and viral diarrhea. The epidemiology of 

294 Shigella has changed over time, and there are more watery diarrhea shigellosis cases than 

295 Shigella dysentery.  Evidence is generating that the treatment of watery diarrhea shigellosis 

296 may save lives and reduce long-term disabilities, which include stunting [26]. However, 

297 antibiotic treatment will require confirming shigellosis before the treatment decision. Irrational 
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298 use of antibiotics contributes to the development and spread of antimicrobial resistance, both 

299 at the individual level and at the population level. Our recent study conducted on 7000 children 

300 in Bangladesh revealed that 55% of the children with watery diarrhea received antibiotics, and 

301 77% of them received antibiotics irrationally from a local drugstore without presenting any 

302 prescription from a registered doctor [27]. Therefore, to treat watery diarrhea shigellosis and 

303 better diagnose dysentery cases, a simple and sensitive assay for detecting Shigella is critical. 

304 This study demonstrated that RLDT is feasible for application in healthcare facilities to detect 

305 shigellosis and thus has the potential to fill the void. RLDT could also reduce the overuse of 

306 antibiotics and thus reduce antimicrobial resistance.

307         RLDT is also developed and field tested for the detection of enterotoxigenic E. coli and 

308 Vibrio cholerae, and the development of RLDT tests to detect other pathogens is underway. 

309 Therefore, once a health facility is trained in RLDT and has the RLDT reader, it can detect all 

310 these pathogens. RLDT is a semiquantitative assay, and the time to reach the assay threshold 

311 has a linear relation to the CFU of the target pathogen in the stool [20]. Therefore, to identify 

312 cases that are attributed to Shigella, a threshold could be set up in the RLDT reader to determine 

313 positive or negative. A study to determine the threshold is underway. 

314

315 Strengths and limitations

316         This study was conducted in a sub-district health facility of rural Bangladesh, which 

317 represents the primary health care system of Bangladesh. Laboratory personnel trained in 

318 RLDT belonged to the health system of Bangladesh. This study also has limitations. This was 

319 a pilot study and was therefore only conducted in a single healthcare facility, and the qualitative 

320 study was focused only on the personnel relevant to this facility. In the future, RLDT should 
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321 be evaluated at various health facility levels within a country and on different continents, as 

322 the challenges may vary by the type of facility and location. 

323

324 Conclusion

325         RLDT could be implemented in a rural primary health care facility. RLDT is a potential 

326 diagnostic tool to meet the challenges of the diagnosis of shigellosis for evidence-based 

327 treatment to reduce shigellosis morbidity and mortality, as well as reduce antimicrobial 

328 resistance. Large-scale adoption would enable prompt identification and management of 

329 shigellosis in low-resource settings and would also help in understanding the true burden of 

330 this disease.
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