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Abstract:
							                           
Cyclosporiasis epidemics are caused primarily by food contaminated essentially with Cyclospora cayetanensis protozoa from Phylum Apicomplexa. National Outbreaks Reporting System (NORS) provides comprehensive monitoring and records for outbreaks in the USA. The pattern of the microbial epidemics could be investigated using statistical process control (SPC) techniques including Pareto analysis and control charts. The incidence of this outbreak is higher in some states more than others, especially Florida and transmitted mainly through herbal food constituents as a vehicle. Process-behavior charts show disease patterns and trends with the rate of occurrence per day 14.4%. Most of illness cases tend to occur in the summer environment except for March in one-year due spiking in the number of affected individuals during a solitary outbreak episode.
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INTRODUCTION

The human parasite Cyclospora cayetanensis is belonging to Phylum Apicomplexa under Supergroup SAR (Alveolata Group) of cyst-former protozoa that form round oocyst and causing self-limited diarrhea [1]. The cyst could be described as [O.2.2] which indicates that one oocyst contains a duplicate sporocyst and every sporocyst contains double sporozoites [2]. Cyclosporiasis outbreak is one of the events that are monitored by the National Outbreaks Reporting System (NORS) internet platform adopted by the Centers for Disease Control and Prevention (CDC) to record outbreak incidents across the USA [3]. These commonly implicated foods can harbor sporulated oocysts which come from the excretion of unsporulated oocysts in feces of infected individuals and people get infected by ingestion of those contaminated foods.In the next sections, Statistical Process Control (SPC) tools could provide unique perspective descriptive analysis for Cyclosporiasis outbreaks in USA after long-term monitoring from official web-based data source.




ECOLOGICAL OBSERVATIONAL STUDY

The magnitude of the outbreaks is measured by the number of affected individuals per a single event. Figure 1 shows the chronological distribution of the number of illnesses during monitoring and recording period of 20 years for Cyclosporiasis outbreak. Major excursion in the number of sickness cases by more than 67 % from a period from 1998 to 2017 could be observed in years 2005, 2013, 2004 and 1999 during meteorological spring, and summer periods with the number of illness above 78 %. A rectangular level plot demonstrates the exact maximum spiking of the outbreak in March 2005 by more than 500 illnesses. On the other hand, the surface plot pinpoints to the main periods of elevated levels of outbreaks as a function of time illustrated as peaks.
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Figure 1



Chronological distribution of the outbreak illnesses for Cyclospora cayetanensis.















Outbreaks involving Cyclospora cayetanensis -excluding multistate record- were spotted mainly in Florida (40.6 %), Pennsylvania (9.1 %), Georgia (7.4 %) and Texas (5.2 %) which amounts totally to 62.3 % from the overall states encountered in this disease. Pareto plot shows this ranked distribution among USA states in Figure 2. The primary mode for the transfer of this Eucoccidioridian protozoan is food sources and water to a much lower extent with herbal ingredients based on Interagency Food Safety Analytics Collaboration (IFSAC) classification affecting more than half of the recorded cases. Food vehicles that have been traced to be contaminated from were basil, berries, salad, cilantro, salad, and beans for four-fifths of the outbreak illnesses as could be seen in Figure 2. This commonly implicated food harbor sporulated oocysts which come from the contaminated environment due to excretion of unsporulated oocysts in feces of infected individuals from contaminated food ingestion [4].
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Figure 2



Pareto diagram of the major USA states affected by Cyclospora cayetanensis outbreaks during monitoring period of 20 years, primary mode of disease transfer and the main food vehicles in addition to IFSAC categories involved in Cyclospora cayetanensis outbreaks during monitoring period from 1998 to 2017.















An application of statistical software packages would allow for detailed monitoring of the general trend of the monitored outbreak (Figure 3). Two types of control charts were used Laney-modified attribute process-behavior trend showing the magnitude of illness per outbreak arranged in ascending chronological order (denoted by sample number in Figure 3) and rare event G chart demonstrating intervals between outbreak events with a probability of occurrence for Cyclospora cayetanensis outbreak per month is 0.144. The unusual excursion in the number of ill individuals (marked by no.1 red dot) occurred in March 2005 in Florida restaurant settings as could be found in NORS database and visualized in attribute chart of Figure 3. Shewhart chart consists of upper control limit (UCL), lower control limit (LCL) and control limit (CL) or mean  of the inspected property. From the attribute control chart parameters, a modified quantitative risk probability number (RPN) could be calculated as a modified tool for hazard analysis [5, 6]. Table 1 shows comparative risk analysis at different dimensions from NORS database where for randomly selected segregated samples of data analysis using control charts were done and the output parameters were used for the quantitative hazard evaluation to the public health from Cyclospora cayetanensis outbreak illnesses in the USA.For example, quantitative RPN of Cyclospora spp. outbreaks through the whole country are comparable to that of the overall outbreaks from all recorded etiological agents in Alabama State during the same period. However, it is much less than Arizona and higher than Delaware. Moreover, Trichinella spp. outbreak incidences impose much lower risk in comparison with that of Cyclospora spp.
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Figure 3



Process-behavior charts showing pattern and trend of Cyclospora cayetanensis outbreaks in USA during monitoring period of 20 years based on NORS record.


















DISCUSSION

Previous studies have shown the same seasonal prevalence of the disease outbreaks through the years with the main vehicles were found to come from food sources of similar types [6]. Despite several reported and documented pieces of evidence for water-borne outbreaks from Cyclospora spp., they represent a minor route of infection from the overall observations which were reported here from NORS and in agreement with that concluded from other researchers [7, 8]. This emerging disease problem continues to cause outbreak problems as more than 60 laboratories confirmed the presence of Cyclosporiasis in seven states in 2018 following the consumption of salads from fast food company and two patients were hospitalized [9, 10]. This disease is treatable using Trimethoprim-Sulfamethoxazole (TMP-SMX) and it was noticed that it was the only highly effective treatment for Cyclosporiasis till now [11]. It should be noted that there are several obstacles which callenge the methods of diagnosis of Cyclosporiasis for traceability and recording of the empidemiological data. One of the callenges is related to the nature of the non-homogenous distribution of the parasite in the specimens which is present already with very low density that makes microscopical examination non-convenient [12].

Also, regulatory agencies have updated their techniques and technologies for the detection of the parasite recently since the previous method was outdated and the equipment and instruments required were no longer being manufactured or produced. The tracing of Cyclosporiasis outbreak in many instances tends to be very difficult because of its complicated life cycle - in contrast to the bacterial epidemiology - the onset of the disease may take several days (incubation period sometimes >10 days) and patients may not seek the appropriate authorities timely. Thus, the investigations may be significantly delayed, and the evidence and samples may be lost, spoiled or no longer available after such a long time [12]. Nevertheless, this relatively newly emerging disease should be monitored with caution as it has worldwideimpact in rich and poornations with the world of an ever-increasing cases of health-deficient populations which might complicate their treatment and recovery, in addition, to aggravation the effect and the magnitude of Cyclosporiasis epidemiology.




Table 1




Quantitative Risk Probability Number (RPN) calculated using modified hazard analysis tool based on attribute control chart [5, 6]. * Rate of occurrence of the outbreaks of Cyclospora cayetanensis









	Outbreak subject
	Monthly Frequency*

	Mean or CL†

	Risk Index (RI)‡

	UCL (Threshold)§

	RPN║




	N
	N/(12 x 20)



	Total Illnesses (Arizona)
	900
	3.75
	25.00
	93.75
	80.90
	7584.38



	Total Illnesses (Louisiana)
	181
	0.75
	41.00
	30.92
	172.70
	5340.03



	Total Illnesses (Florida)
	2624
	10.93
	10.00
	109.33
	35.00
	3826.67



	Total Illnesses (Utah)
	298
	1.24
	26.00
	32.28
	105.50
	3405.89



	Total Illnesses (Alaska)
	178
	0.74
	29.00
	21.51
	149.00
	3204.74



	Total Illnesses (Arkansas)
	140
	0.58
	32.00
	18.67
	130.10
	2428.53



	Total Illnesses (Alabama)
	390
	1.63
	15.00
	24.38
	62.40
	1521.00



	Total Illnesses (Delaware)
	99
	0.41
	21.00
	8.66
	56.96
	493.42



	
Trichinella spp. (total USA)
	23
	0.10
	5.61
	0.54
	19.75
	10.62



	
Cyclospora spp. (total USA)

	43
	0.18
	44.40
	7.96
	190.50
	1515.43













† Average obtained from construction of Laney-control charts. ‡ Product of multiplication of [  ]§ Upper tolerance threshold before the brink of excursion from Laney-control charts.║Quantitative risk value obtained by the multiplication of RI with UCL

















REFERENCES


1. Burki F, Kaplan M, Tikhonenkov DV, Zlatogursky V, Minh BQ, Radaykina LV et al. Untangling the early diversification of eukaryotes: a phylogenomic study of the evolutionary origins of Centrohelida, Haptophyta and Cryptista. Proc Biol Sci. 2016;283(1823). doi: 10.1098/rspb.2015.2802. 



2. Ghimire TR. Redescription of genera of family Eimeriidae Minchin, 1903. International Journal of Life Sciences 2010;4:26-47. doi: https://doi.org/10.3126/ijls.v4i0.3285.



3. Ahmed Mostafa Eissa ME. Long-Term Monitoring of Giardia as an Etiological Agent for Food-Borne Outbreaks in USA: A Brief Report. Open J Nutr Food Sci. 2019;1(1):1002. 



4. CDC. DPDx - Laboratory Identification of Parasites of Public Health Concern. CDC - DPDx - Cyclosporiasis. Cdc.gov. 2019. Available from https://www.cdc.gov/dpdx/cyclosporiasis/index.html (accessed May 2019).



5. Eissa MEAM. Statistical process control research of toxicological outbreaks in USA: an opinion from long-term web-based trending for selected cases. MOJ Toxicol. 2019;5(2):73-6. doi: 10.15406/mojt.2019.05.00157.



6. Eissa MEA. The Use Failure Mode and Effects Analysis as Quantitative Risk Analysis Tool. Opinion| J App Sci | Redelve: RD-APS-10009.2019.



7. Ortega Y, Sanchez R. Update on Cyclospora cayetanensis, a Food-Borne and Waterborne Parasite. Clinical Microbiology Reviews. 2010;23(1):218-234. doi: 10.1128/CMR.00026-09.



8. Hoge CW, Shlim DR. Infectious Disease and Antimicrobial Agents. Cyclospora cayetanensis. Antimicrobe.org, 2019. Available from http://www.antimicrobe.org/b034.asp (accessed May 23, 2019).



9. CDC. CDC is investigating a multistate outbreak of cyclosporiasis linked to McDonald’s salads | CDC Online Newsroom. Cdc.gov. 2018. Available from https://www.cdc.gov/media/releases/2018/s0716-mcdsalads.html (accessed May 2019).



10. U.S. Food and Drug Administration. Cyclospora Illnesses Linked to Fresh Express Salad Mix at McDonalds, 2018. Available from https://www.fda.gov/Food/RecallsOutbreaksEmergencies/Outbreaks/ucm613513.htm (accessed May 2019).



11. CDC. Cyclosporiasis - Resources for Health Professionals. Treatment for Cyclosporiasis. Cdc.gov., 2018. Available from https://www.cdc.gov/parasites/cyclosporiasis/health_professionals/tx.html (accessed May 2019).



12. U.S. Food and Drug Administration. Conversations with Experts on Food Topics. New Testing Method Developed by FDA Detects Cyclospora in Salad Mix, 2018. Available from: https://www.fda.gov/food/conversations-experts-food-dietary-supplements-and-cosmetics-topics/new-testing-method-developed-fda-detects-cyclospora-salad-mix (accessed June 2019





Notas de autor 


mostafaessameissa@yahoo.com










OEBPS/rva6920.png
IBEROAMERICAN
JOURNAL OF
MEDICINE






OEBPS/692072537004_gf5.png
Sample Count Per Unit

Number Between Events

600

500

400

300

200

100

40

30

20

10

Laney Attribute Trending Chart of llinesses
Sigma Z = 7.31453

UCL=190.5

/\’M /.\ U=44.4
e LCL=0

2
5 9 13 17 21 25 29 33 37 41
Sample

G Chart of Interval
Event Probability = 0.144

UCL=41.40

A{AV A I /\

L”\l—uyluu MLCL:O

5 9 13 17 21 25 29 33 37 41
Observation





OEBPS/692072537004_gf2.png
llinesses

2000

1500

1000

500

0!
Year

linesses
Percent
Cum%

Pareto Chart of Year

2005

702
377
377

2013
207
111
488

2004
185
9.9
58.7

1999
156
84
671

2011
111
6.0

734

2017
105
56
787

100

=
3
Percent

=

2015 Other
90 307
48 16.5
835 1000

1500

1000

linesses
Percent
Cum%

Pareto Chart of Month

March

325
325

June May July
574 286 207
308 154 11
833 787 89.8

180
102
100.0

Contour Plot of llinesses vs Month; Year

Month

2000.0 2002.5

2007.5
Year

2005.0

2010.0

2012.5

2015.0

llinesses

100
200
300
400
500
500

<
100 —
200 -
300 -

400 —
>

Surface Plot of Year vs Month and llinesses

2015
2010
Year

2005

2000

200

Ilinesses

400

600

Month

Percent






OEBPS/692072537004_gf3.png
linesses

linesses

Pareto Chart of State

Q@
IInesses 757 251 170 138 96 82 369
Percent 40.6 13.5 O 7.4 52 44 19.8
Cum % 40.6 54.1 63.2 70.6 75.8 80.2 100.0
Pareto Chart of IFSAC Category
1600 el
80
60
800
600 &0
400
20
200
o o
IFSAC Category Herbs Multiple
linesses 812 489 27
Percent 51.7 31.1 17.2
Cum % 51.7 82.8 100.0
Pareto Chart of Primary Mode
=3 100
80
60
40
20
o o
Primary Mode Food Other
linesses 1823 40
Percent 97.9 251
Cum % 97.9 100.0
Pareto Chart of Food Vehicle Class
1600 (ele)
1400
80
1200
1000
60
800
600 4o
400
20
200
o o
Food Vehicle Class basil berries salad cilantro salad; beans Other
linesses 654 215 161 128 116 298
Percent 41.6 13.7 10.2 23:59] 7.4 19.0

100

80

60

40

20

Cum % 41.6 55.3 65.5 73.7 81.0 100.0





