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Abstract

Background: The Crystal® VC Rapid Diagnostic Test (RDT) has been shown to be a
sensitive, rapid, cost-effective, and time-efficient tool for detecting V. cholerae. Although
this test has advantages in terms of sensitivity and specificity, there are no reports on how
well it performs across different regions and during various seasons in Ethiopia to assess

its robustness.

Objective: The study aimed to evaluate the diagnostic performance of Crystal® VC RDT
rapid Diagnostic Test to detect V. cholerae from fecal samples in Ethiopia.

Method: A cross-sectional study was conducted from October 2022 to February 2024 at
cholera outbreak sites across Ethiopia. A total of 361 fecal samples were collected and
tested concurrently using Crystal® VC RDT and standard culture methods. Sensitivity,
specificity and positive and negative predictive value of the Crystal® VC RDT were calcu-
lated using culture as the gold standard. Agreement between the two diagnostic methods
was assessed using Cohen’s Kappa statistic. Data analysis was performed using SPSS

version 25 and MedCalc computer software.

Results: Of the 361 fecal samples analyzed, 123 (34%) were confirmed positive for Vibrio
cholerae by culture. The Crystal® VC RDT demonstrated a sensitivity of 98.4% (95% CI:
94.3% —99.8%) and a specificity of 52.1% (95% CI: 45.6%—-58.6%).The PPV was 51.5%
(95% CI: 48.1%-54.8%) and the NPV was 98.4% (95% CI: 94.0%-99.6%). The test

showed a moderate agreement with culture (kappa =0.679).

Conclusion: Crystal® VC RDT demonstrate high sensitivity and excellent NPV, making
it a valuable tool for early detection and rapid response during cholera outbreaks. Despite
lower specificity, the test’s speed and ease use support its utility in field settings and epide-

miological surveillance in resource-limited areas.

Copyright: © 2025 Bitew et al. This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0

(CC BY NC 4.0) License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are

credited.
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Introduction

Cholera is an acute bacterial gastrointestinal non-invasive
disease that affects many low- and middle-income countries
(1). Individuals diagnosed with cholera exhibit acute watery
diarrhoea, experiencing three or more episodes within a 24-
hour period (2). Cholera is caused by Vibrio cholerae (V.
cholerae) which is a Gram-negative bacteria (3). Cholera
outbreak is a major public health emergency disease, it re-
sults high socioeconomic disruption, morbidity and mortality
across the world (4, 5). Currently, there are an estimate of
1.3-4.0 million cholera cases and 21,000-143,000 cholera
annual deaths in the world. Cholera remains a global threat
to public health which is also an indicator of inequity and
The global burden of

cholera is high in all age groups. However, the incidence and

lack of social development (6, 7).

mortality increased in children under five years old (8).

In Ethiopia, cholera impacts 70 million people each year,
with an estimated 275,221 cases and 10,458 deaths annually
(9). As Office for the Coordination of Humanitarian Affairs
(OCHA) report, about 29,800 cholera cases and more than
400 deaths were reported across 10 regions of Ethiopia be-
tween January 2023 and January 2024. According to Access
Capacities Project (ACAPS) thematic cholera report in Ethi-
opia, conducted on 18" January 2024, the highest number of
cases were reported in Oromia National Regional State, Am-
hara National Regional State, and Somali National Regional

State, respectively (10).

The identification of the causative agents of epidemic chol-
era requires microbiological diagnostic methods, such as
culture, PCR, and RDT (11). Culture techniques can be uti-
lized to grow, isolate, and characterize V. cholerae (12). Cul-
ture is gold standard method for detecting V. cholerae. This
is then followed by biochemical identification and serotyping
using both polyclonal and monoclonal antibodies (13). How-
ever, PCR offers greater accuracy and sensitivity for V. chol-
erae detection and is increasingly adopted in diagnostic la-
boratories for timely and reliable results (14). In resource
limited settings, culture and PCR methods for detecting V.
cholerae are often impractical due to their lengthy pro-
cessing times (at least 18 hours for culture), the need for
highly trained personnel, high costs, and the requirement for

specialized laboratory infrastructure (15). Nowadays, Crys-
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tal® VC RDT has been developed and is accessible for de-
tecting the causative agents of cholera from clinical samples
(16). The new version of Crystal® VC RDT kit was manu-
factured by Arkray Healthcare Pvt. Itd, at Gujarat, India (17).
Crystal® VC RDT was designed to detect V. cholerae O1
and O139 in fecal sample using a rapid visual immunochro-
matographic assay, and has sensitivity range 88-100% and
specificity 61-87.3% (18, 19). Crystal® VC RDT is easy to
use and can be used as a portable device from one location to
another (20). In addition, Crystal® VC RDT is utilized at
point-of-care facilities to enhance decision-making in the
timely management of cholera outbreaks and to investigate
the epidemiology of the disease, particularly during surveil-
lance activities. This helps to minimize the spread of out-
breaks and reduce mortality (21). As far as we know, there
are no reports on how well the recently introduced Crystal®
VC RDT test performed in Ethiopia. Therefore, this study
aimed to evaluate the performance of Crystal® VC RDT for

detecting V. cholerae from diarrhoea samples in Ethiopia.

Method

Study area, design and participants
A cross-sectional study was carried out from October 2022
to January 2024 at outbreak sites in the three regional states
in Ethiopia. Fecal samples were collected from each partici-
pants suspected of cholera and attending treatment at the
different outbreak sites in Oromia National Regional State
(Bale zone, Guji zone, west Arsi and Madda Walabu), Am-
hara National Regional State (West Gondar zone, Bahir Dar
Zuria and Awi zone) and Addis Ababa City Administration
(Kolfe Qeranio sub-city).
Sample size: The sample size was determined using the
single population proportion formula.

n=2>.p(1-p)/&*
p= population proportion=50%
7= z-score=1.96
E = margin of error=5%
n= study sample size

n=(1.96)%0.5(0.5)/(0.05" = 384
First a total of 384 individuals suspected of cholera were
enrolled. Twenty-three participants were excluded from the
study due to mislabeling or delays in collection of their fecal
samples. The final sample size was 361. Of these, the majori-

ty of the study participants were collected from Oromia Na-
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tional Regional State (223), from Amhara National Regional
State (73), from Addis Ababa City Administration (65). The
study participants were selected using convenient sampling

technique.

Inclusion and exclusion criteria

Participants who were admitted to the cholera treatment cen-
ter (CTC) at each outbreak site due to acute watery diarrhoea
were included. However, participants who had been on anti-
microbial treatment for the past two weeks before sample

collection were excluded from this study.

Fecal sample collection, storage and transportation

According to the national cholera sample collection protocol,
two aliquot of fecal samples were collected from each patient
suspected of cholera disease (22). The fecal samples were
collected by using wide mouthed, leak proof, clean, and dry
container. One of the aliquot of the fecal sample was used for
detection of V. cholerae with Crystal® VC RDT (Arkray
Healthcare Pvt. Itd, at Gujarat, India) at the CTC and the oth-
er aliquot of the fecal sample was used for culture to isolate

V. cholerae at the microbiology diagnostic laboratories.

Crystal® VC Rapid Diagnostic Test

Aliquot of fecal samples were immediately tested using the
Crystal® VC RDT to detect the presence of V. cholerae Ol
and/or O139 at the CTC. Briefly, 200ul of fresh watery fecal
samples were taken by a pasture pipette and dispensed direct-
ly to the well of the Crystal® VC RDT test kit. The prepara-
tion was allowed to stand for 15 - 30 minute at room temper-
ature until the test and the control line are visible and re-
moved after 30 minutes. The Crystal® VC RDT results were
observed and the results determined as positive or negative
by two medical laboratory science professionals. A positive
result appears as two or three pink lines on the kit, the one
being the control band and the other line being the band spe-
cific to either serogroup OIl, or serogroup O139 or both
serogroups. The results were recorded and interpreted accord-
ing to the manufacturer's protocol. If the control line did not
appear visible regardless of the test lines, the test was consid-

ered invalid and repeated once (21).

Detection of V. cholerae using Culture

The second aliquot of fecal samples were placed into Kari
Blair transport media and kept cold using an ice pack and
then transported to the nearby microbiology laboratory avail-

able sites to Shashemene General Hospital, Armauer Hansen
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Research Institute and Amhara Public Health Institute for
sample processing and laboratory analysis. Fecal samples
were inoculated onto Blood Agar (BAP, Oxoid), MacConkey
Agar (MAC, Oxoid), and Thiosulfate Citrate Bile Salt Su-
crose (TCBS, Oxoid) agar, and then incubated at 37°C for 24
hours. Identification of V. cholerae was performed using a
series of biochemical tests, including the Oxidase test, String
test, Motility test, Indole test, Citrate test, Gas production
test, H2S production test, and Urease test, all from Oxoid.
Polyvalent and monovalent antisera (manufactured by Deben
Diagnostics Ltd, USA) were utilized for agglutination tests
to identify and differentiate V. cholerae serogroups and sero-
types. The culture method was performed independently of

the Crystal® VC RDT results to ensure unbiased outcomes.

Quality control

Data collected daily was recorded and compiled. A laborato-
ry protocol was prepared and strictly followed. The principal
investigator was responsible for monitoring all steps of data
collection and recording. The reagents were checked for ex-
piry date and appropriate storage temperature and humidity.
In parallel, both positive and negative controls were includ-
ed. Vibrio cholerae reference strains; N16961 or C6706 (O1
El Tor) and MO45 (0139) were used as controls based on
the combination of conventional biotyping methods. Quality
assurance was ensured with good practice in preparing and

reading.

Data Analysis

All data were coded and checked to detect an error and trans-
ferred from a questionnaire to excel, and then to SPSS ver-
sion 27. The definition conventional culture was used as gold
standard and considered as a reference for Crystal® VC RDT.
The sensitivity, specificity, predictive value, prevalence and
accuracy were analyzed by SPSS version 25, and MedCalc
statistical software. The kappa (k) statistics and ROC curve
were calculated by SPSS and used to compare the agreement
between the RDT result and the Gold standard culture result.
The interpretation of the agreement was as follows no agree-
ment if k value < 0, poor agreement if k value = 0 — 0.2, fair
agreement if k value = 0.21 — 0.4, moderate agreement if k
value= 0.41-0.6, substantial agreement if k value= 0.61- 0.8

and excellent agreement if k value > 0.8 (23).

Ethical considerations
Ethical clearance was obtained from the University of Gon-
dar Institutional Review Board (IRB) (R. No. VP/
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RTT/05/20/2022). Written informed consent was obtained
from participants after explaining the purpose and objective
of the study. In addition, formal written consent was ob-
tained from the parent/guardian. Participants had a full right
to continue or withdraw from the study. All information was
kept confidential by assigning code and assessed only by the
principal investigator and supervisors. The laboratory results
were communicated with concerned stakeholders and partici-
pants. If the fecal sample was positive either one or both
methods for V. cholerae, we communicated with concerned
health professionals, and treated patients according to WHO

cholera outbreak management guidelines.
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Result

A total of 361 participates suspected of cholera were includ-
ed and fecal samples were collected. The data indicated that
54.9% of the study participants were female, and 52.8% par-
ticipants were living in rural areas. The average age of par-
ticipants was 23 years, with a range covering from 1 to 80
years. Nearly half (47.2%) of the participants were aged be-
tween 6 and 18 years (Table 1).

Table 1: Demographic characteristics of participants involved in cholera outbreak study in Ethiopia.

Variables Category Frequency Crystal” VC RDT positive (%)  Culture positive (%)
Age 1-5 85 46 (54.1) 10 (11.8)
6-18 166 118 (70.1) 65 (39.2)
>19 110 71 (64.5) 48 (43.6)
Sex Male 164 112 (68.3) 59 (36)
Female 197 123 (62.4) 64 (32.5)
Region Oromia 225 125 (55.6) 34 (15.1)
Ambhara 71 67 (94.4) 59 (83.1)
Addis Ababa 65 43 (66.2) 30 (46.2)
Residence Urban 172 111 (64.5) 55(32)
Rural 189 124 (65.6) 68 (36)
Educational Can’t read and write 145 88 (60.7) 31(21.4)
status Elementary 189 129 (68.3) 77 (40.7)
Secondary 4 4 (100) 4 (100)
Higher 23 14 (60.9) 11 (47.8)
Marital status Married 160 113 (70.6) 79 (69.9)
Unmarried 186 115 (61.8) 38(20.4)
Divorced 11 6 (54.5) 5(45.5)
Widowed 4 1(25) 1(25)
Frequency of 1-3 34 24 (70.6) 11 (32.4)
>3 327 211 (64.5) 112 (34.3)

diarrhea

Crystal® VC RDT: Crystal Vibrio Cholerae Rapid Diagnostic Test

Evaluation of Crystal® VC RDT to detect Vibrio chol-
erae compared with culture

The study showed that (65.1%, n=235) of fecal samples were
found positive for V. cholerae by using the Crystal® VC
RDT, while (34.1%, n=123) of fecal samples were detected
positive for V. cholerae by using the culture method. On the
other hand (34.9%, n=126) of the samples were negative for
V. cholerae by both methods (Table 2).

20

In the present study, the Crystal® VC RDT demonstrated the
following performance metrics: sensitivity, specificity, posi-

tive and negative predictive value were revealed as follows
(Table 3).
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Table 2: Comparison of the e Crystal® VC RDT and the Using the culture method as gold standard for detection of V.
conventional culture method. cholerae, the kappa agreement of the Crystal® VC RDT was
Culture (N=361)  Total 67.9% (p=0.001).
Test methods Positive  negative Receiver operating characteristic curve (ROC) curve
Crystal® VC positive 121 114 235 analysis
RDT (N=361)  pegative 2 124 126 Moreover, the overall accuracy of the Crystal® VC RDT was
Total 123 238 361 deemed acceptable with an area under the ROC curve was

determined 67.9% (95%CI: 62.8% — 72.7%) (Figure 1).
N: Number

Table 3: Diagnostic performance of the Crystal® VC RDT
test compared with the gold standard culture method to detect

V. cholerae from fecal samples.

Parameters Performance (%) 95%CI
Sensitivity 98.4 94.3-99.8
Specificity 52.1 45.6 —58.6
Positive predictive value 51.5 48.1-54.8
Negative predictive value 98.4 94.0- 99.6
Prevalence 34.1 29.3-39.2

CI: confidence interval

Souree o te ROC curve CrytlVC RDT e

B oo o
m  Cstl VCRDT e

ROC Curve

10

08

06

04

00 *
00 02 04 06 08 10

1 - Specificity

Figure 1. Receiver operating characteristic (ROC) curve for Crystal® VC RDT kit. The X-axis represents false positive rate
(1-specificity) and the Y-axis represents true positive rate (sensitivity). The diagonal green line represents random
classification (reference line. Thus, the ROC curve is a plot of tests sensitive versus 1-specificity as well. The closer this
curve is to the upper left corner, the better the diagnostic significance.
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Discussion

Crystal® VC RDT kit has been marketed as an alternative to
the conventional culture method, particularly in high cholera
outbreak attacked countries having resource-limited labora-
tory settings (17). The current study assessed the signifi-
cance, and performance of the Crystal® VC RDT kit in
comparison to the conventional culture method, which is

considered as the gold standard for V. cholerae diagnosis.

In this study, the sensitivity of the Crystal® VC RDT was
98.4% (95%CI; 94.3% - 99.8%). Previously, Chowdhury et
al. from India showed exactly a similar report (98.4%) of
sensitivity of Crystal® VC RDT compared with gold stand-
ard culture (24), and another report from the Democratic
Republic of Congo demonstrated lower sensitivity (92.2%)
(16), and in Hati, Lower sensitivity (71.2%) and lower posi-
tive predictive value (81.3%) were previously reported (25).
The present study findings were greater than the previous
WHO sensitivity, specificity, positive predictive value, neg-
ative predictive value reports of 91.3%, 43.1%, 72.8%,
74.8%, respectively (26). This observed discrepancy may be
attributable to several methodological and contextual varia-
bles, such as sample quality, differences in the technical
proficiency and experience of healthcare personnel, and
heterogeneity in the types of biological specimens analyzed.
Each of these factors has the potential to influence diagnos-
tic accuracy of the current and previous WHO investigations
(27).

The specificity of the Crystal® VC RDT was relatively low-
er 52.1% (95%CI; 45.6% — 58.6%). The study was compa-
rable with Ley B. et al. specificity report in Zanzibar
(49.2%) (19). Data of the present study on the positive and
negative predictive values for the Crystal® VC RDT were
51.5% and 98.4%, respectively. This study findings were
aligned with the manufacturer's report range for the Crys-
tal® VC RDT, which is 88-100% for sensitivity and 61-
87.3% for specificity (17, 24). Collective evidence shows
that Crystal® VC RDT is a test with high sensitivity, high
negative predictive value, and low specificity, with lower

positive predictive values.

In the present study, the Crystal® VC RDT had a moderate
Kappa agreement of 67.9% (p=0.001) with the gold stand-

ard culture. The kappa agreement of our study was less than
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the kappa agreement of 98.06% a study conducted in Kenya
(28). In addition, Crystal® VC RDT had moderate accuracy
under the ROC curve analysis of 67.9% (95%CI= 62.8%—
72.7%). Crystal® VC RDT does not require exclusive
equipment and facilities which makes it easy and applicable
in resource limited settings like Ethiopia. In general, the
findings indicate that the Crystal® VC RDT showed moder-
ate agreement with the gold standard culture method, af-
firming its reliability to use as a V. cholerae detection tool
during cholera outbreak in resource limited settings and
health institutions (21).

Having higher sensitivity to Crystal® VC RDT is very es-
sential, especially during the occurrence of cholera outbreak
(29). Because a highly sensitive diagnostic test increases the
detection rate of the causative agents of the cholera outbreak
(20). This helps to detect V. cholerae rapidly among infect-
ed patients and will be helpful in providing immediate pa-
tient management (25). The use of Crystal® VC RDT is
more essential at the point-of-care facilities as it helps to
make appropriate decisions in the management of outbreaks
or epidemiological surveillance by the public health authori-
ties (30). Crystal® VC RDT is simple easy to use, fast,
cheap and can be stored without refrigeration (13, 31). Crys-
tal® VC RDT is used to detect lipopolysaccharide antigens
from V. cholerae O1 and/or O139 serogroups in fecal sam-
ples, which are also present in oral cholera vaccines (32).
Hence, Crystal® VC RDT test could be used as a point of
care test (POCT) detection tool to V. cholerae and used to
detect vaccine efficacy within one week after vaccine

providing (33).

Furthermore, this Crystal® VC RDT also helps to the Glob-
al Task Force on Cholera Control’s (GTFCC) roadmap/
program to End Cholera by 2030, because the Crystal® VC
RDT is used for rapid detection of V. cholerae in resource
limited settings, and in health institutions (34). One of the
limitations of the Crystal® VC RDT is that some results are
demonstrated with faint test lines that might be observed as
positive results which is one of the serious limitations of the
test. In addition, the presence of lipopolysaccharide antigen
in V. cholerae and other Gram-negative bacterial species
contributes to false positive readings in the Crystal® VC
RDT (17). However, it has been promising strength due to
its sensitivity, rapid detection of the outbreak, user friendly
and low cost in frequently cholera outbreak affected coun-
tries (35).
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Conclusion and recommendations: The sensitivity and
negative predictive value of the Crystal® VC RDT was high.
Crystal® VC RDT is a user-friendly, rapid, equipment free
option to use as a POCT. The use of Crystal® VC RDT for
detection of V. cholerae in the facility and in field settings is
therefore beneficial due to its comparative advantage over the
culture method for being sensitive, low cost, and easy to use.
In addition, this test uses for early detection of V. cholerae
outbreak and epidemiological surveillance. Furthermore, the
test uses to detect vaccine efficacy within one week. There-
fore, our study suggests that to use Crystal® VC RDT for the
preliminary detection of cholera during the occurrence of the
outbreak. Furthermore, health professionals are recommend-
ed to use Crystal® VC RDT to detect cholera in order to pro-

vide immediate patient management.

Acknowledgment

We would like to thank the University of Gondar and the
Armauer Hansen Research Institute for their material support.
We also like to express our gratitude to the School of Bio-
medical and Laboratory Sciences and the Department of
Medical Microbiology of the CMHS, UOG supervisors for
their technical support we got during data collection. We
thank the study participants for all their cooperation and their

willing to give the necessary data and fecal samples.

Author’s contribution: AB, AG, YW and BG conception,
design and analysis of the study; A.B collected the data and
performed laboratory investigation, statistical analysis, inter-
pretation of the results and manuscript writing. BG, AG and
YW involved in manuscript draft writing, statistical analysis,
approved quality of the data and interpretation of the results.
BY, MT, AA, GY, GT, MB, TB, MA, and AM contributed in
the manuscript writing, statistical analysis and interpretation
of the results. All authors participated during manuscript
writing. BG and AG edited the final manuscript and approval
the version to be published. All authors read and approved

the final manuscript.

Abbreviations: ACAPS: Assessment Capacities Project,
Crystal VC: Crystal Vibrio Cholerae, LPS: Lipopolysaccha-
ride, RDTs: Rapid Diagnostic Methods, TCBS: Thiosulphate
citrate bile salt sucrose, WHO: World Health Organization

Data sharing statement: All data generated and analyzed

during this study were included in the manuscript.

23

Page 7 of 9

Funding: Authors received no funding, except ARHI,
PhD grant and post graduate strengthen project supported for

data collection and laboratory analysis.

Disclosure: Authors have no competing interest in this

work.

Reference

1. Kuna A, Gajewski M. Cholera—the new strike of an
old foe. Int Marit Health. 2017;68(3):163-7

2. Pawlowski SW, Warren CA, Guerrant R. Diagnosis
and treatment of acute or persistent diarrhea. Gastroen-
terology. 2009;136(6):1874-86

3. Millet YA, Alvarez D, Ringgaard S, von Andrian UH,
Davis BM, Waldor MK. Insights into Vibrio cholerae
intestinal colonization from monitoring fluorescently
labeled bacteria. PLoS Pathog. 2014;10(10):e1004405

4. Lee K. The global dimensions of cholera. Global
change and human health. 2001;2:6-17

5. Chakraborty S, Alam M, Scobie HM, Sack DA. Adap-
tation of a simple dipstick test for detection of Vibrio
cholerae O1 and 0139 in environmental water. Front
Microbiol. 2013;4:320

6. Mogasale V, Mogasale VV, Hsiao A. Economic bur-
den of cholera in Asia. Vaccine. 2020;38:A160-A6

7. Awofeso N, Aldbak K. Cholera, migration, and global
health—a critical review. [ IJ/TMGH. 2018;6(3):92-9

8. Ali M, Lopez AL, You YA, Kim YE, Sah B, Maskery
B, et al. The global burden of cholera. Bull WHO.
2012;90(3):209-18

9. Dinede G, Abagero A, Tolosa T. Cholera outbreak in
Addis Ababa, Ethiopia: a case-control study. PLoS
One. 2020;15(7):¢0235440.

10. ACAPS Thematic report. Ethiopia - Drivers of the
cholera outbreak. 18 January 2024

11. George CM RM, Sack DA, Bradley SR, Saif-Ur-
Rahman KM, Azman AS et al. Evaluation of enrich-
ment method for the detection of V ibrio cholerae O 1
using a rapid dipstick test in B angladesh. TMIH.
2014;19(3):301-7



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Bitew A. et al. Ethiop. J. Health Biomed Sci., September 2025. Vol. 15, No. 1

Huq A, Haley BJ, Taviani E, Chen A, Hasan NA, Col-
well RR. Detection, isolation, and identification of Vib-
rio cholerae from the environment. Curr Protoc Microbi-
0l.2012;26(1):6A. 5.1-6A. 5.51

Cecchini F, Fajs L, Cosnier S, Marks RS. Vibrio chol-
erae detection: Traditional assays, novel diagnostic tech-
niques and biosensors. Trac-Trend Anal Chem.
2016;79:199-209

Herfehdoost GR KM, Javadi HR, Zolfagary D,
Emamgoli A, Choopani A, Ghasemi B, Hossaini S. Rap-
id detection of Vibrio Cholerae by polymerase chain
reaction based on nanotechnology method. J4 BR.
2014;1(2):59-62

Alam M, Hasan NA, Sultana M, Nair GB, Sadique A,
Faruque A, et al. Diagnostic limitations to accurate diag-
nosis of cholera. J Clin Microbiol. 2010;48(11):3918-22

Page A-L, Alberti KP, Mondonge V, Rauzier J, Quilici
M-L, Guerin PJ. Evaluation of a rapid test for the diagno-
sis of cholera in the absence of a gold standard. PLoS
One. 2012;7(5):€37360

Debes AK, Murt KN, Waswa E, Githinji G, Umuro M,
Mbogori C, et al. Laboratory and field evaluation of the
Crystal VC-O1 cholera rapid diagnostic test. Am J Trop
Med Hyg. 2021;104(6):2017

Sayeed MA. Development of a Cholera Rapid Diagnostic
Test That Targets Both Vibrio cholerae and Vibriophage.
University of Florida; 2023. p. 30634324.

Ley B, Khatib AM, Thriemer K, Von Seidlein L, Deen J,
Mukhopadyay A, et al. Evaluation of a rapid dipstick
(Crystal VC) for the diagnosis of cholera in Zanzibar and
a comparison with previous studies. PloS one. 2012;7
(5):¢36930

Ramamurthy T, Das B, Chakraborty S, Mukhopadhyay
AK, Sack DA. Diagnostic techniques for rapid detection
of Vibrio cholerae O1/0139. Vaccine. 2020;38:A73-A82

Denue BA. Evaluation of a rapid dipstick test (Crystal
Vc®) for the diagnosis of cholera in Maiduguri, North-
eastern Nigeria. Arch. Med. Health Sci.2018;6(1):24-7

Park SE, Jeon Y, Kang S, Gedefaw A, Hailu D, Yeshite-

la B, et al. Infectious disease control and management in

24

23.

24.

25.

27.

28.

29.

30.

31.

Page 8 of 9

Ethiopia: a case study of cholera. Front Public Health.
2022;10:870276

Viera AJ, Garrett JM. Understanding interobserver
agreement: the kappa statistic. Fam Med. 2005;37(5):360
-3

Chowdhury G, Senapati T, Das B, Kamath A, Pal D,
Bose P, et al. Laboratory evaluation of the rapid diagnos-
tic tests for the detection of Vibrio cholerae Ol using
diarrtheal samples. PLoS Negl Trop Dis. 2021;15
(6):¢0009521

Matias WR, Julceus FE, Abelard C, Mayo-Smith LM,
Franke MF, Harris JB, et al. Laboratory evaluation of

immunochromatographic rapid diagnostic tests for chol-
era in Haiti. PLoS One. 2017;12(11):e0186710

Lucien MAB, Schaad N, Steenland MW, Mintz ED,
Emmanuel R, Freeman N, et al. Identifying the most
sensitive and specific sign and symptom combinations
for cholera: results from an analysis of laboratory-based
surveillance data from Haiti, 2012-2013. Am J Trop Med
Hyg. 2015;92(4):758

Baumgartner ET WK, Rai E, Rosser EN, Marasini RP,
Dahal S, Shakya A, Lynch J, Karki K, Bajracharya DC,
Sack DA. . Enhancing national cholera surveillance us-
ing rapid diagnostic tests (RDTs): A mixed methods
evaluation. PLoS Negl Trop Dis. 2025;19(5):e0013019

Debes AK MK, Waswa E, Githinji G, Umuro M, Mbo-
gori C, Roskosky M, Ram M, Shaffer A, Sack DA, Boru
W. Laboratory and field evaluation of the Crystal VC-O1
cholera rapid diagnostic test. Am J Trop Med Hyg.
2021;104(6 ):2017

Muzembo BA, Kitahara K, Debnath A, Okamoto K,
Miyoshi S-I. Accuracy of cholera rapid diagnostic tests:
a systematic review and meta-analysis. Clin Microbiol
Infect. 2022;28(2):155-62

Chadwick S, Townes DA, Perrone LA. Utility of point

of care and rapid diagnostics in humanitarian emergen-
cies. ALM. 2021;6(1):236-46

Harris JR, Cavallaro EC, De Nobrega AA, Dos S. Bar-
rado JC, Bopp C, Parsons MB, et al. Field evaluation of
Crystal VC® Rapid Dipstick test for cholera during a



Bitew A. et al. Ethiop. J. Health Biomed Sci., September 2025. Vol. 15, No. 1

32.

33.

34.

35.

cholera outbreak in Guinea-Bissau. Trop Med Int Health.
2009;14(9):1117-21

Martinez-Pino I, Luquero FJ, Sakoba K, Sylla S, Haile
M, Grais RF, et al. Use of a cholera rapid diagnostic test
during a mass vaccination campaign in response to an
epidemic in Guinea, 2012. PLoS Negl Trop Dis. 2013;7
(8):2366

Falconer J, Diaconu K, O’May F, Gummaraju A, Victor
-Uadiale I, Matragrano J, et al. Cholera diagnosis in hu-
man stool and detection in water: A systematic review
and meta-analysis. PLoS One. 2022;17(7):¢0270860

Charnley GE, Yennan S, Ochu C, Kelman I, Gaythorpe
KA, Murray KA. Cholera past and future in Nigeria: are
the Global Task Force on Cholera Control’s 2030 targets
achievable? PLoS Negl Trop Dis. 2023;17(5):¢0011312

George CM, Namunesha A, Felicien W, Endres K, Luo
W, Bisimwa L, et al. Evaluation of a rapid diagnostic test
for detection of Vibrio cholerac Ol in the Democratic
Republic of the Congo: Preventative intervention for
cholera for 7 days (PICHA7 program). Trop Med Int
Health. 2024;29(7):594-8

25

Page 9 of 9



