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    Abstract.   We conducted a randomized, placebo-controlled, triple-blinded trial to determine the health impact of daily 
use of sodium dichloroisocyanurate (NaDCC) tablets for household drinking water treatment in periurban Ghana. We 
randomized 240 households (3,240 individuals) to receive either NaDCC or placebo tablets. All households received a 
20-liter safe water storage vessel. Over 12 weeks, 446 diarrhea episodes (2.2%) occurred in intervention and 404 (2.0%) 
in control households ( P  = 0.38). Residual free chlorine levels indicated appropriate tablet use.  Escherichia coli  was found 
in stored water at baseline in 96% of intervention and 88% of control households and at final evaluation in 8% of inter-
vention and 54% of control households ( P =  0.002). NaDCC use did not prevent diarrhea but improved water quality. 
Diarrhea rates were low and water quality improved in both groups. Safe water storage vessels may have been protective. 
A follow-up health impact study of NaDCC tablets is warranted.   

    INTRODUCTION 

 Each year, diarrhea causes approximately 1.8 million deaths, 
mostly in children under 5 years old in developing countries. 1  
Consumption of contaminated drinking water is an important 
cause of diarrhea in developing countries, where safe water infra-
structure is lacking. The definitive response to this problem would 
be the universal provision of piped, treated water, but because 
of insufficient resources, achievement of this goal remains 
remote. For this reason, a number of household water treatment 
technologies have been developed, tested, and disseminated to 
protect the health of populations lacking access to safe water. 2–16  

 One of these household water treatment technologies is 
sodium dichloroisocyanurate (NaDCC) tablets, an alterna-
tive to sodium hypochlorite (NaOCl) solution, which is pro-
duced and distributed in many countries for water treatment. 17  
Both NaDCC tablets and NaOCl solution disinfect water by 
releasing free available chlorine in the form of hypochlorous 
acid, which is an effective microbicide against a wide range of 
bacteria, viruses, and parasites. 18  Although NaOCl releases all 
its free available chlorine immediately, NaDCC releases half 
of its free available chlorine initially, leaving “reservoir chlo-
rine” that is released once the original free available chlorine 
has been used up. 18  NaDCC tablets’ reservoir chlorine may be 
especially advantageous when water is subject to high organic 
loads, as is common in resource-poor and remote settings. 18  

 NaDCC tablets, which have been used for emergency 
water treatment since the 1980s, were approved in 2004 
for daily use as a drinking water disinfectant by the United 
States Environmental Protection Agency and World Health 
Organization. 18–20  NaDCC tablets are lightweight, easily dis-
seminated, and can be stored for over 5 years without losing 
efficacy. 18,21  Results of field trials suggest that NaDCC tablets 
are acceptable and effective for water treatment; 18–22  but no 
health impact data have been published. To assess the health 
impact of NaDCC tablets, we conducted a field trial in Tamale, 
Ghana between August and November 2006. 

   MATERIALS AND METHODS 

  Study setting and participants.   We selected a periurban 
population in Tamale, Ghana. This population, which has 
experienced periodic cholera outbreaks, 23  consisted of multi-
family households that relied on community water sources and 
stored drinking water in the home. We enrolled households 
with at least one child under 5-years-old. 

   Study design and procedures.   We conducted a randomized, 
triple-blinded, placebo-controlled trial to assess the health 
impact of NaDCC tablets. The study included baseline data 
collection followed by twice weekly home visits over 12 weeks 
to verify tablet use and determine diarrhea rates. We analyzed 
stored drinking water samples for  Escherichia coli  at baseline, 
midpoint, and end of the study. We tested the hypothesis that 
daily use of NaDCC tablets would improve microbiological 
drinking water quality and decrease individual diarrhea rates 
among study households. 

 The baseline survey included demographic and socioeco-
nomic characteristics, and knowledge, attitudes, and practices 
concerning water, hygiene, and sanitation. The question-
naire was translated into Dagbani, the local language, back-
translated into English, and administered to the female head 
of household by bilingual field workers. 

 After the baseline survey, households were randomized into 
two groups designated as A and B using a random number 
table. Medentech, Ltd. (Wexford, Ireland) provided NaDCC 
and placebo tablets, which were packaged in sachets labeled 
only as A or B with identical instructions for use for the cor-
responding study groups. Only technical staff at Medentech 
knew which packets contained NaDCC or placebo tablets. 
Tablets for the intervention group, which were designed to 
disinfect 20 L of water, contained NaDCC with a pharmaceu-
tical/food-grade effervescent base that allowed the tablets to 
dissolve rapidly in water; placebo tablets consisted only of the 
effervescent base. All study households were given a standard 
20-liter plastic vessel with a plastic lid and metal spigot for 
drinking water storage to assure that participants treated the 
appropriate volume of water. Each household was provided 
a guinea worm cloth (commonly used in the community) by 
the Ghana Health Service for filtering turbid water. Alum 
was provided on request to clarify turbid water. Field officers 
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provided oral, written, and pictorial instructions describing 
proper use of tablets; for turbid water, the recommended sin-
gle-tablet dose was doubled. Field officers replenished tab-
lets during home visits. No further information or instruction 
on water treatment or handling, sanitation, or hygiene was 
provided. 

 After distribution of the intervention, we initiated active 
diarrheal surveillance through twice weekly visits (every 3 to 4 
days) to all households over a 12-week period; each household 
had two visits in each calendar week. Field workers recorded 
diarrhea episodes (defined as three or more loose or watery 
stools in 24 hours), symptoms, and treatment received since 
the preceding visit; provided oral rehydration salts free to 
persons with diarrhea; made referrals to health facilities as 
needed; and asked about use of the intervention. At the final 
visit, respondents were asked their opinions about the inter-
vention and whether they believed their household was in the 
intervention or control group; if they responded “don’t know,” 
they were asked to make their best guess. 

 A separate team of technicians visited each household twice 
weekly to measure free chlorine residuals in stored water using 
digital Colorimeters ®  (LaMotte, Chestertown, MD). To main-
tain blinding, technicians visited households at different times 
than field workers; did not share chlorine test results with 
study households, field officers, or investigators; and entered 
chlorine data into a separate database. 

 We selected a random sample of 20% of households from 
which we obtained stored water specimens at baseline, mid-
point, and end of study; samples from principal water sources 
were tested at the end of study. Field officers collected water 
samples in sterile 125 mL Whirl-Pak ®  (Nasco, Fort Atkinson, 
WI) bags containing sodium thiosulfate to neutralize residual 
free chlorine; placed them in coolers with ice packs; and trans-
ported them to the Ghana Water Company laboratory for test-
ing within 6 hours. For each water sample, we tested undiluted, 
1:10, and 1:100 dilutions for  E. coli  using Colilert ®  (Idexx Co., 
Westbrook, ME) Quanti-Tray ®  test kits to obtain most prob-
able number (MPN) estimates for each sample. 24  A technician 
entered data into a separate database . 

   Outcomes.   The primary outcome was number of episodes 
and rates of diarrhea in individuals. Secondary outcomes were 
free residual chlorine levels in stored household drinking 
water and levels of  E. coli  contamination in randomly selected 
households at baseline, midpoint, and end of study. 

   Sample size.   To calculate household sample size, we assumed 
a 15% weekly diarrhea prevalence among children under 
5-years-old based on Ghana’s 2003 Demographic and Health 
Survey (DHS); 25  reduction in diarrhea risk of 40% based on 
results of past field trials of household chlorination; 7–16  type 
I error rate of 5%; and power of 80%. To accommodate a 
maximum design effect of three in a 12-week study with twice 
weekly visits and inevitable attrition of subjects, we aimed to 
enroll 120 households in each group, which would provide an 
estimated 3000 person-weeks of observation in children under 
5-years-old in each group. 

   Statistical analysis.   Data were analyzed using SAS version 
9.2 (SAS Institute, Cary, NC). After data collection was com-
pleted in November 2006, investigators maintained blinding 
by retaining unbroken treatment codes to differentiate study 
groups for data analysis. We compared diarrhea rates between 
intervention and control households using an intent-to-treat 
analysis. Diarrhea rates were determined by first aggregating 

the two visits per week into a weekly diarrhea event. Then an 
individual-level diarrhea rate was calculated by dividing the 
number of weeks with at least one episode of diarrhea by the 
person-weeks of observation. We estimated the difference 
in the mean individual-level diarrhea rates between the two 
study groups using a 2-sample  t  test. Taylor series linearization 
method was used to estimate the variance to account for 
household-level clustering. We used a stratified analysis to 
examine the size differences of demographic, socioeconomic, 
water handling, and sanitation co-variables between the study 
groups to assess the need for post-randomization adjustment. 

 After the treatment code was broken, the effectiveness of 
blinding was assessed using the Blinding Index proposed by 
James et al. 26,27  The index, a variation of the kappa coefficient, 
is sensitive to the degree of disagreement between an individ-
ual’s actual treatment status and what treatment an individual 
thinks he or she has received. A higher degree of disagree-
ment indicates more effective blinding. James suggests that a 
Blinding Index ! 0.5 indicates adequate blinding. 26,27  

 We used the Thomas equation 28  to estimate  E. coli  MPN per 
100 mL from results of undiluted, 1:10, and 1:100 dilutions of 
stored water samples. We used the signed rank test to com-
pare median  E. coli  MPN within the intervention and con-
trol groups at baseline, midpoint, and end of study. Because 
of the skewed distribution of the water quality data, we used 
the Wilcoxon 2-sample test to compare the median estimated 
 E. coli  MPN between intervention and control groups. 

   Ethics.   We presented information about NaDCC tablets 
and the study to local health officials and community leaders, 
and obtained their consent to initiate the study. We obtained 
written informed consent from all participating households. 
Institutional review boards at the University of Development 
Studies in Tamale, Ghana, the Centers for Disease Control 
and Prevention [protocol 4730], and Emory University [802-
2006] in Atlanta, Georgia reviewed and approved the protocol. 
The protocol is registered with Clinical Trials.gov, number 
NCT00252928. 

    RESULTS 

  Participants.   We enrolled 240 households with 3,240 indi-
viduals (median 12 persons per household, range 2–42); 51% 
were female ( Figure 1  ). Median age of household members 
was 18 years (range 1 month–95 years); 17% were children 
under 5-years-old. The median age of interviewed heads-of-
household was 36 years (range 18–74); 99% were female. 
Of 240 interviewed heads-of-household, 32 (13%) had been 
to school; of these, 12 (38%) had not completed primary 
school whereas 20 (62%) had a complete primary or higher 
education level. Nine (4%) could read or write Dagbani and 
19 (8%) could read or write English. There were no significant 
differences in demographic characteristics or household assets 
between intervention and control households ( Table 1             ). 

   Baseline characteristics.   At baseline, survey respondents 
reported that their water sources included water taps (95%), 
surface water (84%), wells (46%), rainwater (35%), and 
boreholes (25%); households typically used more than one 
source, depending on time of year ( Table 2             ). Drinking water 
was mainly stored in clay pots (72%). Of 240 respondents, 186 
(78%) reported treating their drinking water; most commonly 
reported methods were using a cloth sieve (29%) or alum 
(23%). For human waste disposal most relied on public latrines 
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(84%) or open defecation (42%). There were no significant 
differences in water handling and sanitation practices between 
intervention and control groups ( Table 2 ). 

   Active diarrheal surveillance.   Over the 12-week study 
period, diarrhea rates were low, with 446 episodes (2.2%) in 
the intervention and 404 episodes (2.0%) in the control group. 
Among children under 5-years-old, there was no significant 
difference in diarrhea rates between the two groups with 185 
episodes (5.3%) in the intervention and 156 episodes (4.7%) 
in the control group ( Table 3                   ). Diarrhea rates decreased in 
both groups over time ( Figure 2  ). 

   Chlorine results.   Over the study period, the percentage of 
households with free chlorine residuals ! 0.2 mg/L in stored 

drinking water ranged from 74–89% in the intervention group 
and 0–7% in the control group ( Figure 3  ). For 93% of samples, 
the water source was tap water; " 1% of household water 
samples were from surface water sources during the study 
period. Alum was used a total of 12 times by nine households 
(five control and four intervention households) during the 
study period. 

   Microbiological water quality.   At baseline,  E. coli  was 
isolated from stored drinking water samples from 96% of 
intervention (median  E. coli  MPN 93 per 100 mL) and 88% 
of control households (median  E. coli  MPN 219 per 100 mL); 
this difference was not statistically significant ( Table 4               ). At the 
study midpoint, stored drinking water samples from 21% of 

  Figure  1.    Given the intention-to-treat analysis, we analyzed all households and participants for the full time of surveillance (12.5 weeks) despite 
attrition in the study.    

 Table 1 
 Demographic characteristics and household assets of household members and survey respondents among intervention and control households 

Household members Total ( N  = 3,240) Intervention ( N  = 1,610) Control ( N  = 1,630)

Median age (range) 18 years (1 month–95 years) 18 years (1 month–95 years) 19 years (1 month–90 years)
Female 1,647 (51%) 814 (50%) 833 (52%)
Children " 5 years* 549 (17%) 281 (18%) 268 (16%)
Survey respondents Total ( N  = 240) Intervention ( N  = 120) Control ( N  = 120)
Head of household

Median age (range) 36 years (18–74) 35.5 years (18–74) 37 years (19–65)
Female 238 (99%) 119 (99%) 119 (99%)
Any school 32 (13%) 20 (17%) 12 (10%)

Method of earning a living
Small scale agriculture 123 (51%) 61 (51%) 62 (52%)
Professional 33 (14%) 18 (15%) 15 (12%)
Other 84 (35%) 41 (34%) 43 (36%)

Household assets†
Coal pot 222 (93%) 107 (89%) 115 (96%)
Bicycle 213 (89%) 108 (90%) 105 (88%)
Bed 202 (84%) 101 (84%) 101 (84%)
Sofa set 123 (51%) 62 (52%) 61 (51%)
Electricity 123 (51%) 64 (53%) 59 (49%)
Television 95 (40%) 49 (41%) 46 (38%)
Mobile phone 71 (30%) 38 (32%) 33 (28%)
Motorcycle 69 (29%) 37 (31%) 32 (27%)
Refrigerator 38 (16%) 22 (18%) 16 (13%)
Kerosene stove 20 (8%) 10 (8%) 10 (8%)

  *   Age refers to the age of participants at the start of the study.  
  †   Participants were able to indicate more than one response; the total exceeds 100%.  
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intervention (median  E. coli  MPN 0 per 100 mL) and 92% 
of control households (median  E. coli  MPN 16 per 100 mL) 
yielded  E. coli  ( P  < 0.0001). At the end of the study, stored 
drinking water samples from 8% of intervention (median 
 E. coli  MPN 0 per 100 mL) and 54% of control households 
(median  E. coli  MPN 1 per 100 mL) yielded  E. coli  ( P  = 
0.002) ( Table 4 ). Heavily contaminated stored drinking water 
samples ( E. coli  MPN > 1000 per 100 mL) were found in 21% 
of intervention and 13% of control households at baseline, 4% 
of intervention and 8% of control households at midpoint, and 
no households at the end of the study. 

 The median  E. coli  MPN for stored water samples in inter-
vention households at the midpoint and the end of the study 
was significantly lower than at baseline ( P  < 0.0001); there was 
no significant difference from the midpoint to the end of the 
study  (P =  0.13). Among control households, the median  E. coli  

MPN for stored water samples at the end of the study was sig-
nificantly lower than at baseline ( P  < 0.0001) or midpoint  (P =  
0.0005); there was no significant difference from baseline to 
midpoint ( P  = 0.37). Tap water samples yielded no  E. coli . The 
median MPN of  E. coli  of surface water was 178 per 100 mL. 

   Final perceptions and blinding index.   The final survey 
included 238 respondents. Respondents believed that the 
tablets’ effect included the following: improved health (63%), 
prevented disease (45%), made water safer (43%), were easy 
to use (21%), and made their water taste better (16%); 2% 
complained of bad smell and 1% bad taste. Respondents 
believed that the water vessel made their water safer (69%), 
improved health (46%), prevented disease (29%), was easy to 
use (28%), and made water taste better (12%). 

 Of 238 respondents, 127 (53%) believed they received 
NaDCC tablets whereas only 4 (2%) thought they received 
placebo tablets; 107 (45%) did not know. When those who 
did not know were asked to make a guess, 37 (35%) believed 
they received NaDCC tablets; the rest were unsure but none 
believed they received placebo tablets. There were no dif-
ferences between intervention and control groups in beliefs 
about which group they were in. The Blinding Index was 0.65. 

    DISCUSSION 

 Results of this study suggest that the use of NaDCC tablets, 
despite contributing to marked improvement in stored water 
quality, had no impact on diarrheal diseases in the study popu-
lation. This finding occurred in spite of very high adherence 
to recommended water treatment practices and a statistically 

 Table  2 
 Baseline water handling and sanitation practices among intervention 

and control households 

Characteristic

Total Intervention Control

( N  = 240) ( N  = 120) ( N  = 120)

Water sources*
Water tap 227 (95%) 113 (94%) 114 (95%)
Surface water 202 (84%) 100 (83%) 102 (85%)
Well 110 (46%) 58 (48%) 52 (43%)
Rainwater 85 (35%) 43 (36%) 42 (35%)
Borehole 61 (25%) 34 (28%) 27 (23%)
Water tanker 12 (5%) 6 (5%) 6 (5%)

Drinking water storage 
container*

Clay pot 173 (72%) 94 (78%) 79 (66%)
Jerry can 37 (15%) 22 (18%) 15 (13%)
Barrel/water drum 34 (14%) 12 (10%) 22 (18%)
Wide bucket 12 (5%) 1 (1%) 11 (9%)

Treatment of water 186 (78%) 89 (74%) 97 (81%)
Water treatment practices†

Sieve cloth 70 (29%) 30 (25%) 40 (33%)
Alum 54 (23%) 23 (19%) 31 (26%)
Nothing 33 (14%) 18 (15%) 15 (13%)
Boil 9 (4%) 4 (3%) 5 (4%)
Other 15 (6%) 6 (5%) 9 (8%)

Type of sanitation access*
Public latrine 201 (84%) 102 (85%) 99 (83%)
Bushes or ground 100 (42%) 51 (43%) 49 (41%)
Latrine in compound 4 (2%) 2 (2%) 2 (2%)

Hygiene observations
Soap in home 226 (94%) 113 (94%) 113 (94%)
Presence of specific 

place to wash hands 17 (7%) 10 (8%) 7 (6%)
  *   Participants were able to indicate more than one response; the total exceeds 100%.  
  †   Participants were able to indicate more than one response but due to missing values 

(approximately 25%), the total is less than 100%.  

 Table 3 
 Diarrhea episodes, individuals, person-weeks of observation, and diarrheal rates in intervention and control households, by age group 

  *   An episode is a week with at least one reported episode of diarrhea.  
  †   PWO = person-week of observation was calculated by multiplying the number of individuals followed by the number of weeks of surveillance (12.5 weeks).  
  ‡   The mean individual-level diarrheal rates between intervention and control households were compared using the 2 sample  t  test, where Taylor series linearization method was used to estimate 

the variance to account for household-level clustering.  

Age group (years)

Individuals in intervention households ( N  = 1,610) Individuals in control households ( N  = 1,630)

 P ‡
Number of  diarrheal 

episodes* Number of individuals PWO† Diarrheal rate
Number of diarrheal 

episodes Number of individuals PWO† Diarrheal rate

< 1 43 69 862 5.0 21 47 587 3.6 0.37
1–2 83 85 1,063 7.8 88 105 1,313 6.7 0.58
3–4 59 127 1,588 3.7 47 116 1,450 3.2 0.62
! 5 261 1,329 16,612 1.6 248 1,362 17,025 1.5 0.39
Total 446 1,610 20,125 2.2 404 1,630 20,375 2.0 0.38

  Figure  2.    Percent of diarrhea episodes per total number of observa-
tions in intervention and control groups, by surveillance visit ( N  = 3240).    
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significant improvement in stored water quality in the inter-
vention group. There was no apparent bias as intervention and 
control groups were similar in age, gender, and socioeconomic 
characteristics, and had comparable water handling and sani-
tation practices. The lack of health impact in the context of 
successful treatment of stored drinking water was not consis-
tent with results of previous studies of other chlorine-based, 
point-of-use water treatment interventions. 7,9,12–16  

 There are several possible explanations for the observed lack 
of health impact. First, it is possible that disinfected stored water 
does not prevent diarrhea. This possibility is unlikely based on 
over a century’s experience with chlorination of water supplies in 
developed countries, where waterborne enteric disease morbid-
ity and mortality have decreased dramatically. 29  Furthermore, a 
recent Cochrane review of point-of-use household water treat-
ment intervention trials, many of which assessed chlorination 
as the treatment technology, demonstrated a pooled protective 
effect of nearly 40%. 2  Second, although the study took place 
during the rainy season (when waterborne diarrhea outbreaks, 
including cholera, have occurred in the past), 23  diarrhea rates 
were much lower than anticipated, particularly in children 
under 5-years-old. This finding suggests that enteric pathogens 
were not circulating widely at that time in the population. Third, 
source water at the time of the study had very low levels of 
contamination, which suggests that waterborne transmission 
of diarrheal pathogens may have been low. Previous research 
has suggested that diarrhea risk increases with the intensity 
of  E. coli  contamination in source water, with a significantly 
increased risk occurring above a threshold of 1,000 colonies/
100 mL; 30  in this study, the percentage of stored water samples 
that exceeded this threshold was low and decreased over time. 
However, point-of-use water treatment can reduce diarrhea 
risk even in settings with low levels of  E. coli  contamination in 

both source and stored water samples, as demonstrated in an 
intervention trial that evaluated the health impact of household 
chlorination and safe storage in a Zambian population. 9  Finally, 
the improved water storage vessels, by protecting stored water 
from the introduction of potential contaminants, may have 
served as a water quality intervention independent of tablet use 
and contributed to decreased diarrhea rates in both the inter-
vention and control groups. This possibility is supported by the 
finding that stored water quality in the control group at the end 
of the study was significantly better than at baseline and mid-
point. Previous research has shown that safe water storage can 
decrease diarrhea risk. 8,31,32  

 To our knowledge, only one other blinded study examining 
the health impact of point-of-use chlorination has been pub-
lished in a peer-reviewed journal. That study evaluated sodium 
hypochlorite solution in a Brazilian periurban slum and found 
no significant difference in diarrheal prevalence between inter-
vention and control households despite a significant improve-
ment of stored water quality in intervention households. 33  The 
study authors suggested that, because of the taste of chlorine, 
true blinding may not have occurred, and acknowledged that 
the trial was limited by small size, drop-out of 4 of 20 study 
households, uncertainty about whether water was adequately 
disinfected, and the likelihood that study participants drank 
contaminated water outside the home. The difficulties encoun-
tered by the authors highlighted the challenges in conducting 
placebo-controlled, blinded trials of sodium hypochlorite solu-
tion because of the smell, taste, and texture of bleach. 

 Aside from the Brazilian study, all other field trials of chlo-
rine-based point-of-use water treatment interventions, none of 
which were blinded, have shown efficacy in reducing diarrhea 
risk. 2–5,7,9,12–16  A recent meta-epidemiological study assessed the 
evidence for bias in controlled trials due to lack of blinding 34  
and, although the review did not specifically assess point-of-
use water treatment intervention trials, it did estimate that 
trials with subjective outcomes exaggerated the actual effect 
of those outcomes by approximately 25%. Thus, even if the 
pooled estimate of the effect of household water treatment 
were adjusted by this factor of 25%, the protective effect 
would still be greater than 30%. It is unknown whether the 
lack of other published studies documenting no health impact 
of point-of-use chlorination is a result of publication bias or 
the robustness of the interventions in the settings where they 
were tested. 2–5  

 Two double-blinded, placebo-controlled trials of non-
chlorine based point-of-use water treatment interventions 
have been published in peer-reviewed literature, and neither 
found an impact on health. 27,35  Both took place in the United 
States and evaluated active and sham water filtration devices 
in households relying on water that met federal and state 
drinking water standards and requirements. 27,35  These studies 

  Figure  3.    Percent of intervention and control households with 
! 0.2 g/mL of free chlorine in stored water, by surveillance visit ( N  = 
240). * Data was not obtained for surveillance visit number 25 due to 
constraints in the field.    

 Table 4 
 Number and percent of stored drinking water samples contaminated with  Escherichia coli , and median and range of  Escherichia coli  MPN/100 mL, 

among a random sample of intervention and control households at baseline, midterm, and endpoint of study 

  *   Median estimated  Escherichia coli  counts between the intervention and control households were compared using the Wilcoxon 2-sample test.  

Sampling round

Intervention households ( N  = 24) Control households ( N  = 24)

 P* 
Number (%) of samples with 

 E. coli  colonies
Median estimated  E. coli  MPN per 

100 mL (min-max)
Number (%) of samples with 

 E. coli  colonies
Median estimated  E. coli  MPN per 

100 mL (min-max)

Baseline 23 (96%) 93 (0–36,582) 21 (88%) 219 (0–6,824) 0.22
Midterm 5 (21%) 0 (0–1,885) 22 (92%) 16 (0–1,221) < 0.0001
Endpoint 2 (8%) 0 (0–292) 13 (54%) 1 (0–58) 0.002
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were not comparable to most trials of point-of-use water treat-
ment because of the setting, in which waterborne disease risk 
in the group with sham filters was exceedingly low. 

 Our study had several important limitations. First, the prin-
cipal outcome was self-reported diarrhea, which is subject to 
imperfect recall. 36,37  To improve recall, we visited homes twice 
a week. Second, frequent home visits by the field officers may 
have influenced water handling and household hygienic prac-
tices in both the intervention and control groups. To mitigate 
the influence of our field workers on hygienic habits, they lim-
ited the advice they gave study participants to tablet utiliza-
tion. Third, the short duration of the study limited the data 
collection to one season, which reduced the power of the study 
to detect an impact of the intervention. Fourth, water treated 
with NaDCC may have a detectable odor or taste, which would 
make it difficult to effectively blind study participants. This 
possibility seems unlikely because the Blinding Index was 0.65. 
Finally, because of low diarrhea prevalence in the study popula-
tion, the sample size was insufficient to measure an effect. Our 
sample size calculation was based on 2003 DHS data from the 
Northern region of Ghana, which was the only relevant avail-
able data source from which diarrhea estimates could be made. 
However, DHS data are based on cross-sectional surveys using 
self-reported 2-week recall which is subject to over-reporting. 37  
In addition, diarrhea rates vary by season, by climatic condi-
tions, by population, and by year. During this study, heavy 
rains maintained ground water supplies which are delivered 
through piped water networks; the expected seasonal use of 
surface water, which usually coincides with an increase in diar-
rheal disease rates, did not occur. This characteristic variabil-
ity of diarrhea prevalence makes it difficult, regardless of the 
accuracy of diarrhea estimates, to generalize from the results 
of geographically circumscribed intervention trials. 

 Findings of this study indicate that NaDCC tablets are 
a promising method of water disinfection for routine daily 
household water treatment. In this and other field trials, 18,22  
high-risk populations in low educational and socioeconomic 
categories were able to effectively disinfect water with NaDCC 
tablets. In addition, high adherence to water treatment recom-
mendations and positive attitudes to the tablets expressed by 
the study population implied that the tablets were acceptable. 
The evidence base already established for other point-of-use 
water chlorination technologies suggests that comparable 
findings would be expected for NaDCC tablets under the right 
study conditions and that a follow-up health impact study is 
warranted. Because of the ease of blinding investigators and 
research subjects to this intervention, a double-blinded, pla-
cebo-controlled trial of sufficient duration to fully examine 
the efficacy of NaDCC tablets would be an important contri-
bution to the evidence base for point-of-use water treatment. 
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