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Abstract 

BACKGROUND: Cryptosporidium is an important waterborne protozoan.  

AIM: The aim of this study was to investigate the effect of sunlight being the natural source of UV and artificial UV 
irradiation on Cryptosporidium oocysts versus the effect of chlorination, being the traditional method of water 
disinfection and to provide an insight into the viability and degree of infectivity of Cryptosporidium oocysts, using 
an animal model. 

METHODS: An experimental study including 300 neonatal mice was carried out to investigate the effect of 

artificial ultraviolet (UV) irradiation and sunlight being the natural source of UV irradiation versus chlorine, the 
traditionally used water disinfectant on the infectivity of Cryptosporidium oocysts present in water. For each item, 
nine different exposure times were investigated. Parasitological assessment (Modified Ziehl Neelsen stained stool 
smears) and histopathological assessment of the excised segments of the small intestine (stained by both 
Haematoxylin & Eosin and ZN stain) of mice were used to verify the inactivation of oocysts.  

RESULTS: Cryptosporidium oocysts failed to induce any noticeable infection after 4 hours of artificial UV 
exposure that provided a UV dose of 10mJ/cm2 and after an 8 hours exposure to sunlight, whereas they showed 
resistance to disinfection by chlorine.  

CONCLUSION: The results of the study demonstrate the important role of an 8 hours sunlight exposure of 
potable water in plastic bottles in achieving complete inactivation of any contaminating Cryptosporidium oocysts, 
thus offering an applicable, economical and convenient method for the control of cryptosporidiosis especially in 
developing countries. 

 
 
 
 
 

Introduction 

 

Cryptosporidium is a protozoan that may 
lead to fatal illness in immunocompromised 
persons [1]. It inhabited intestines of humans and 
animals and distributed through bowel motions into 
the environment [2]. During the last 20 years, 
waterborne diseases were frequently caused by 
Cryptosporidium. Its presence in surface, ground and 
potable water supplies is of particular concern as it 
disseminates rapidly in addition to its resistance to 
chlorine and other commonly used chemical 
disinfectants [2]. The questionable efficacy of 

chlorine, its safety, and potential health hazards, 
had led to consideration of other alternative 
disinfectants [3]. A recent addition to the panel of 
water disinfectants for protozoan parasites is UV 
irradiation [4]. Studies concerning such an issue may 
lead to improve water quality and help in designing 
water and wastewater treatment processes offering 
safe drinking water and protection of public health [5]. 

This study aimed to investigate the effect of 
sunlight being the natural source of UV and artificial 
UV irradiation on Cryptosporidium oocysts versus the 
effect of chlorination, being the traditional method of 
water disinfection and to provide an insight into 
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the viability and degree of infectivity of 
Cryptosporidium oocysts, using an animal model. 

 

 

Methods 

 

The study was conducted according to the 
national guidelines for animal research; 300 neonatal 
albino mice were divided into 4 groups, one 
receiving untreated Cryptosporidium oocysts to be 
used as a control group (30 mice), and 3 groups 
infected with Cryptosporidium oocysts previously 
exposed to different disinfectants, in terms of chlorine 
(the traditional water disinfectant), sunlight (containing 
UVA and UVB) and artificial UV irradiation 
(representing UVC). Each of these 3 test groups 
was further subdivided into 9 subgroups (10 mice/ 
subgroup). Each of the 3 tested groups of mice 
were infected after exposure of Cryptosporidium 
oocysts to the tested disinfectants for variable 
periods of time, starting from 15 minutes (min), 30 
minutes, one hour (h), 2 hours, 4 hours, 8 hours, then 
for 1 day(d), 2 day and 4 days (Table 1). 

Table 1: Categorization of different groups and 
subgroups of mice included in the present experimental 
study 

Groups No. of mice Subgroups 

Control group 30 - 
Mice received chlorine treated 
oocysts 

90 9 different exposure time (10 mice/each) = 90 

Mice received artificial UV rays 
exposed  oocysts 

90 15 
min 

30 
min 

1 
hour 

2 
hours 

4 
hours 

8 h 
hours 

1 
day 

2 
days 

4 
days 

Mice received sunlight exposed 
oocysts 

90 

Total number of mice        300 

 

Cryptosporidium oocysts were isolated from 
diarrheic calves, mixed with 10 ml of distilled water 
and then filtered through sterile gauze. The 
homogenate was successively passed through two 
metal sieves of pore size 125µm & 75µm, followed by 
centrifugation at 2500 x g for 15 min. The supernatant 
fluid was discarded, and the sediment was then 
washed twice with 1ml of phosphate buffer saline 
(PBS) (pH was adjusted to 7.2-7.6) with 
centrifugation at 13,000 x g for 15 minutes each. 
After repeated washing, faecal debris was eliminated 
and thus purified. Cryptosporidium oocysts were 
obtained [6]. The oocysts were then preserved by 
mixing with an equal volume of 2.5% potassium 
dichromate (K2Cr2O7) and stored at 4ºC until being 
used for animal inoculation. Just before use, the 
oocysts were washed for at least three times in 
distilled water to remove the potassium dichromate 
and centrifuged at 1500 x g for 15 min until it became 
clear [7]. For counting oocysts, a smear was prepared 
on 3 slides formed of about 50 mg from each sample 
and stained with modified Ziehl-Neelsen stain (ZN). 
Oocysts were counted in each slide, and the mean 
number of the oocysts was calculated to get the mean 
number/mg of the sample [8]. 

Purified oocysts were added to 0.5 ml of 
distilled water in ordinary transparent polyethene 
terephthalate bottles and then exposed to sunlight for 
variable durations as previously mentioned. Eight 
hours exposure was chosen from 8 am to 4 pm 
(maximum intensity of solar irradiation). For one day 
exposure, the previously mentioned inoculum was 
exposed to sunlight from 8 am to 4 pm, and then was 
covered with aluminium foil until next day 8 am, and 
then mice inoculation was done to investigate the 
possibility of the occurrence of dark repair [9]. The 
same procedure was followed for 2 days and 4 days 
exposure. The temperature inside the bottles was 
measured each hour with a thermometer [9]. For 
artificial UV irradiation, 10ml of PBS containing the 
purified suspension of oocysts was placed in a petri 
dish (56mm) and then placed under a 5-W low-
pressure mercury lamp (QCGL5W-1497D; Iwasaki 
Electronic Co. Ltd., Tokyo, Japan). Using UV dose 
rate meter, the intensity of the UV light at a 
wavelength of 253.7 nm was measured. Exposure 
was completed throughout the mentioned durations 
under regular mixing using an electromagnetic stirrer 
[10]. Chlorine was used as Sodium hypochlorite 
solution (NaOCl), 4 ppm at 25ºC and applied for the 
same variable durations and as described by 
Carpenter et al., [11]. The inoculum dose was 
prepared to be 2.5 × 10

4 
oocysts/mouse [9]. 

Neonatal mice were orally infected with a 
dose of 2.5 × 10

4 
Cryptosporidium oocysts/mouse [9]

 

using oesophagal tube [12]. According to Rossi et 
al., [13], all mice were sacrificed at 14 days post 
infection after giving intra-peritoneal anaesthesia. 
The terminal ileum was removed, fixed and 
prepared for histopathological examination. 

Faecal samples were collected daily from 
infected mice until 14 days post infection. 
Parasitological examination was done using Modified 
ZN stain (cold method) for detection and grading of 
the intensity [14]. Haematoxylin & Eosin and modified 
ZN stained tissue sections were examined [15]

 
to 

detect endogenous oocysts, assess inflammatory 
intensity as represented by inflammatory cells and 
activity represented by neutrophils [16]. While 
intensity of infection was determined by counting the 
parasite in 10 villous crypt units according to Healey et 
al., [17], then the mean oocysts number/single 
unit/mouse in each group was calculated. 

All data were analysed using Statistical 
Package for the Social Sciences (SPSS) version 16 
for Windows (SPSS Inc., Chicago, IL, USA). Data 
were reported as mean values ± SD for the 
quantitative variables. To compare the mean numbers 
of oocysts obtained after different time exposures in 
each group, we used Paired t test. To compare the 
mean numbers of oocysts between the three 
tested groups we used Analysis of variance 
(ANOVA) followed by pair wise analysis (Bonferroni 
test). P values ≤ 0.05 were considered statistically 
significant. 
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Results 

 

Concerning the control group, shedding of 
Cryptosporidium oocysts was first observed on the 
fourth-day post infection. The mean number of oocysts 
was 2 ± 1.5/mg stool, and then gradually increased to 
report mean of 7.65 ± 0.4/ mg stool on day 8 to day 
11. The maximum shedding of oocysts was reported 
from day 12 up to the end of the experiment with a 
mean value of 17.8 ± 2.3/mg stools. This difference 
was statistically significant (p < 0.05). Therefore, the 
mean oocysts count in the control group from day 12 
to day 14 was used to compare the results of the 
other tested groups. As regards the temperature 
inside the bottle exposed to sunlight, a peak of 42°C 
was recorded. The mean number of oocysts in 
collected stool samples was 13.2, 12.9, 6.6, and 4.9 
oocysts/mg stools when Cryptosporidium isolates 
were exposed to sunlight before mice inoculation for 
15 min, 30 min, 1 h, and 2 h respectively. On exposure 
for 4 h, 9 mice out of 10 became infected in this 
subgroup whereas one mouse was found free of 
infection with a mean count 2.1 oocysts/mg stool. No 
Cryptosporidium oocysts were observed in t h e  stool 
of any of the mice inoculated by oocysts exposed to 
sunlight 8 hours or longer, achieving 100% reduction 
rate in infectivity. Artificial UV radiation exposed 
oocysts showed mean counts of 11.12, 8.1, 2.8 and 
1.4 when Cryptosporidium isolates were exposed to 
UV rays for 15 min, 30 min, 1 h, and 2 h respectively 
before mice inoculation. In 2 hours artificial UV 
exposure subgroup, t h e  stool of 7 out of 10 
mice showed Cryptosporidium oocysts while stool 
of 3 mice proved to be negative with a mean 
count 1.4 of oocysts/mg stool. Four hours artificial 
UV exposure for Cryptosporidium isolates subgroup 
showed 100% inactivation. Negative stool samples 
for Cryptosporidium were encountered in mice 
inoculated with Cryptosporidium isolates that were 
exposed to UV radiation for 4 hours or longer. 
Regarding results of chlorine-treated oocysts group, 
all stool samples of mice in all subgroups were 
positive for Cryptosporidium oocysts.  

Table 2: Effect of exposure of Cryptosporidium oocysts to 
sunlight, artificial UV rays and chlorine on their infectivity to 
mice 

 
Time of 

exposure 

Group Sunlight Group of artificial UV rays Group chlorine  
ANOVA 

 
P value oocysts/ mg 

stool Mean ± 
S.D 

 
Reduction 
rate (%) 

oocysts/ mg 
stool Mean ± 

S.D 

Reduction 
rate (%) 

oocysts /mg 
stool Mean ± 

S.D 

Reduction 
rate (%) 

15 min 13.20 ± 1.68 25.84 11.12 ± 1.31 37.52 11.20 ± 1.31 37.07 6.33 0.006* 
30 min 12.90 ± 1.19 27.52 8.1 ± 0.73 54.49 11.80 ± 1.31 33.70 51.11 0.000* 
1 hour 6.60 ± 1.07 62.92 2.8 ± 0.78 84.26 11.10 ± 1.19 37.64 161.28 0.000* 

2 hours 4.90 ± 0.87 72.47 1.4 ± 0.51 92.13 10.70 ± 1.33 39.88 234.53 0.000* 
4 hours 2.1 ± 0.73 88.2 0 100 10.20 ± 0.91 42.69 626.61 0.000* 
8 hours 0 100 0 100 9.60 ± 0.96 46.06 987.42 0.000* 
1 day 0 100 0 100 9.90 ± 0.99 44.38 991.11 0.000* 
2 days 0 100 0 100 10.00 ± 1.05 43.82 900.00 0.000* 
4 days 0 100 0 100 7.40 ± 0.84 58.42 770.06 0.000* 

*Significant p-value. 

 

Even after 4 days of chlorine treatment of 
Cryptosporidium oocysts, the reduction rate of 
infectivity was only 58.42%. The mean no. of oocysts/ 
mg stool for different exposure times and reduction 

rates of infectivity in different groups are presented in 
Table 2 and Figure 1. 

 

Figure 1: Line chart showing mean Cryptosporidium oocysts 
count/mg of stool in each subgroup of mice infected with oocysts 
previously exposed for various durations of time to sunlight, artificial 
UV irradiation and chlorine treatment. Circles denote the start of the 
significant differences and arrowheads denote full inactivation of 
artificial UV rays at 4 hours while absolute sunlight inactivation 
occurs at 8 hours 

 

Using Paired t- test to compare between 
subgroups, the mean number of oocysts/mg stool at 
different exposure times within each group showed 
that, for the sunlight group, there was no statistical 
difference between the mean number in the 15 min 
and 30 min while the significant statistical difference 
was begun between 15 min and 60 min and 
extended to all other durations that showed 
significantly declining values. While for artificial UV 
rays group, the difference was statistically significant 
from the start between the 15 min and 30 min 
exposure and onward. As for the chlorine group, 
there was no statistical difference between 15 min 
and 60 min, 1 hour, 2 hours, 4 hours and onward. 
Comparing the results of the three groups, ANOVA 
test showed a significant difference between the 
mean numbers of oocysts among the three tested 
groups in all- time exposures. Bonferroni test 
showed a significant difference between the 3 
individual groups except at 15 min where there was 
no significant difference between groups of artificial 
UV radiation and chlorine, and at 30 min there was no 
significant difference between sunlight and chlorine 
groups. Moreover, there was no statistical difference 
between sunlight and artificial UV radiation groups 
starting from 8 hours and onwards. 

The ability of treated oocysts to induce 
infection in mice was determined by counting the 
endogenous stages in histopathological preparations, 
then calculating the mean number per single villous 
crypt unit for each animal and each group of animals, 
thus determining the intensity of infection (Figure 2). 
The mean number of endogenous stages was 
calculated in the control group to be 26 ± 5.3. All 
mice in the control group showed severe to moderate 
inflammatory intensity, while the inflammatory activity 
was rated as moderate. A significant difference 
between the mean numbers of oocysts among the 
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3 tested groups at all durations was recorded (P ≤ 
0.05). Bonferroni test showed a significant difference 
between the endogenous stages counts in the 3 
groups. However, there was no statistical difference 
between subgroups sunlight and artificial UV radiation 
starting from 8 hours and onwards. In the chlorine-
treated group, all histopathological samples showed 
Cryptosporidium oocysts regardless of variation in 
exposure time.  

 
Figure 2: Line chart showing mean Cryptosporidium oocysts/villus 
crypt unit in each subgroup of mice infected with oocysts previously 
exposed for various durations of time to sunlight, artificial UV 
irradiation and chlorine treatment. Arrowheads denote complete 
inactivation caused by artificial UV rays at 4 hours while full 
sunlight inactivation appears at 8 hours 

 

Severe inflammatory reaction with moderate 
neutrophils infiltration was reported in intestinal 
sections of mice infected by samples exposed to 
chlorine for 2 and 4 days. No oocysts were detected 
in the subgroups exposed to sunlight for 8 hours, 2 
days and 4 days. The moderate inflammatory reaction 
was observed up to the subgroup exposed to sunlight 
for 8 hours with slight neutrophil infiltration indicating a 
mild inflammatory activity.  

 

Figure 3: Photomicrographs for different histopathological sections 
prepared from mice intestines. A) Histopathological section stained 
with Modified ZN stain shows negative result for Cryptosporidium 
infection; B) Histopathological section showing pink spherical 
structures about 2-5 µm attached to microvillus surface of 
epithelium, confirming Cryptosporidium intestinal infection (scale = 
25 µm); C), D) Histopathological cross sections for the intestine 
stained with Haematoxylin & Eosin show many 
Cryptosporidium oocysts (black arrows) attached to microvillus 
surface of epithelium (Scale = 50 µm) 

The slight inflammatory reaction, though 
without neutrophils was observed in the subgroup 
exposed for 2 days to sunlight. Histopathological 
sections of subgroups exposed to artificial UV rays 
for 4 hours or more proved to be free from 
Cryptosporidium. Moderate inflammatory reaction and 
moderate inflammatory activity were reported in the 
subgroups exposed for one hour or two hours while 
severe inflammatory reaction with moderate 
neutrophil infiltration was recorded with the 
subgroups exposed to artificial UV irradiation for 15 
min and 30 min. Those exposed for 4 hours reported 
only slight inflammatory reaction with minor neutrophil 
activity. 

 

 

Discussion 

 

Concerning exposure to sunlight, the results 
of the present study showed that at least 8 hours 
were needed to achieve infection inhibitory effect with 
zero Cryptosporidium oocysts in the stool samples of 
the infected mice. This nil effect was achieved as well 
in case of one day, 2 days and 4 days exposure to 
direct sunlight. This may be due to the helping effect 
of the sunlight which reached 42°C. Gomez-Couso 
et al., [9]

 
recorded slightly higher temperature 45°C to 

achieve significant reduction in their murine model. 
Using a batch-process solar disinfection system 
(SODIS), exposure times of more than 10 hours was 
recorded to simulate solar irradiation rendering 
Cryptosporidium oocysts non infective [18]. On the 
other hand, the effect of sunlight on the survival of 
Cryptosporidium oocysts in a waste stabilization 
pond system in the northwestern of Spain was 
studied [19], reporting only a 40% reduction after 4 
days exposure. However, these dissimilar results may 
be related to the difference in the nature of water 
used. In addition, most of the previously cited studies 
were performed in Europe, where the sun rays may 
be masked by a lot of clouds and the temperature is 
usually lower than that recorded in this experiment. In 
fact, the portion of sun rays that reaches us is made 
up of two types of rays: long wave ultraviolet A 
(UVA) and short wave ultraviolet B (UVB) and 
basically, there is no UVC [20]. The shorter bands of 
UVC, as well as the more energetic UV radiation 
produced by the sun, are absorbed by oxygen and 
generate the ozone in the ozone layer [21]. The 
fraction of UVB which remains in UV radiation 
after passing through the atmosphere is heavily 
dependent on cloud cover and atmospheric 
conditions. Thick clouds block UVB effectively; but in 
"partly cloudy" days, patches of blue sky showing 
between clouds are also sources of (scattered) UVA 
and UVB, which are produced. The underlying 
mechanism by which sunlight irradiation inactivates 
microorganisms is possibly through damaging their 
DNA. Dark repair can occur after exposure of these 
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inactivated microorganisms to darkness. Dark repair 
is a phenomenon in which damaged DNA of these 
inactivated microorganisms can be repaired and 
regain its activity in the absence of light. Thus, the 
resulted inactivation might not be permanent 
inactivation [9]. For this reason, in the present study, 
the complete inactivation for Cryptosporidium oocysts 
that is occurred in case of one day sunlight 
subgroup which is the same effect obtained on 8 
hours sunlight subgroup denoted that no resuming of 
infectivity had occurred for these oocysts upon 
absence of light, resulting in permanent inactivation. 

Concerning chlorine as a disinfectant, it was 
extensively studied using different formulas, 
concentrations and in different conditions. Therefore, 
it is difficult to find identical results among variable 
scientific works. In this study, chlorine was used in a 
solution form (Sodium hypochlorite) in a concentration 
of 4 ppm at 25

o
C. Regardless the variable reduction 

rate reported in the current study which ranged from 
33.07 to 58.42, even after 4 days of treatment, 
chlorine failed to inhibit Cryptosporidium infection. 
Instead, the small intestine of infected animals 
showed signs of inflammation. This inflammation was 
severe in animals infected with sampled exposed to 
2 and 4 days exposure, indicating the irritant effect 
of such chemical disinfectant with time, which was 
not only dose- dependent but also time dependent. 
Using sodium hypochlorite as well, Fayer et al., [22]

 

tested its effect with different concentration (5.25, 
2.63 and 1.31%). Using an in vivo animal model 
they reported lower oocysts counts in 
histopathological examination of the infected small 
intestine, whereas the number of parasitic stages 
identified in the animals’ stool samples was more or 
less similar to our results, confirming the reported 
data. Relatively higher reduction rate was recorded 
by Barbee et al., [23]

 
who showed a decrease in 

infectivity of Cryptosporidium by 90% after exposure 
to Clorox (NaOCl, 5.25 %). While, Weir et al., [24]

 

described a poor effect of sodium hypochlorite (6%) 
up to an exposure time of 33 min which was 
undoubtedly an insufficient duration compared to the 
other recorded data including our study. 

Furthermore, Venczel et al., [3], using 
another formula of chlorine found that 5 mg/ litre 
dose of free chlorine at 25°C produced no 
measurable inactivation of Cryptosporidium oocysts 
after 4 or 24 hours. Two years earlier, Finch et al., [25]

 

did not find as well any effect of free chlorine in 
inactivation of Cryptosporidium oocysts. Despite the 
previously mentioned negative reports about 
chlorine, Delling et al., [26]

 
used different 

substances; one of them was sodium hypochlorite 
(NaOCl) at different concentrations for several 
exposure times. Unexpectedly, their results showed 
an inactivation over 99 % by using 3 and 6 % 
NaOCl after 12 hours exposure. 

Concerning the effect of artificial UV 
irradiation to inactivate Cryptosporidium oocysts, in 

the current study an exposure to low pressure (LP) 
UV lamp for 4 hours at 25°C that was equivalent to 10 
mJ/cm

2
, proved to be effective in aborting 

Cryptosporidium infection, resulting in a 100% 
reduction rate. Nearly similar, Clancy et al., [4]

 
noticed 

that low doses of UV radiation from either low or 
medium pressure lamps were effective in achieving an 
inactivation level of greater than three logs (99.9%) for 
Cryptosporidium oocysts in waste water effluent as 
measured by cell culture. UV collimated-beam 
apparatus was used to focus parallel rays and 
expose suspensions of purified Cryptosporidium 
oocysts in phosphate-buffered saline at 25°C to 
various doses of monochromatic LP UV rays [10]. The 
former workers using in vitro cell culture assay 
reported Cryptosporidium parvum infectivity 
reductions at a dose of 3 mJ/cm

2 
(530 J/m

2
). These 

results indicate that Cryptosporidium oocysts are 
very sensitive to inactivation by low doses of 
monochromatic LP UV radiation [10] [27]. In the 
present study, t h e  effect of temperature on 
artificial UV irradiation had not been investigated 
because UV ray is temperature independent 
according to Craik et al., [28]. Also, the previous 
authors [28] found that the conventional low-pressure 
mercury arc lamp and the medium-pressure lamp 
were equally effective at inactivation of 
Cryptosporidium oocysts so that there was no 
apparent biocidal benefit arising from the broad 
emission spectrum or higher irradiance of the 
medium-pressure UV lamp. The choice of the lamp to 
be used for a given application should, therefore, be 
based on economic considerations. Low-pressure 
lamps have about twice the germicidal efficiency (UV 
dose delivery per watt of input power) compared to 
medium-pressure lamps, and thus low-pressure 
lamps will be the choice for smaller systems, so we 
used LP UV lamps in the experimental setting. 
Certainly, there is a very beneficial point favouring the 
use of UV over the other disinfectant methods [10] 
[27]. It is a physical process that does not rely on 
the use of chemical additions, it has been shown to 
be highly effective in the inactivation of protozoa, it 
requires relatively short contact times, and no UV 
disinfection by-products have been currently identified 
[29]. 

Finally, another important result in this 
study is that exposing plastic bottled water for 8 
hours to sunlight, the chosen time to be that of 
maximum intensity of UV radiation, completely aborts 
the ability of Cryptosporidium oocysts to produce 
infection, thus an excellent method for 
Cryptosporidium inactivation in summer months. Still, 
there is an urgent need for different systematical 
investigations for the solar inactivation mechanisms 
for Cryptosporidium oocysts under a wide range of 
environmental conditions. Such studies will offer an 
economic and convenient method for 
Cryptosporidium oocysts inactivation especially in 
developing countries even in household applications. 
Furthermore, the possibility of synergistic effects 
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from mixtures of disinfectants is recommended to be 
investigated in further studies. 

 

 

Ethical approval 

 

All applicable international, national, and 
institutional guidelines for the care and use of 
animals were followed. All ethical standards applied 
in the animal house of Kasr-Alainy school of 
Medicine, Cairo University was followed. 
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