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Abstract 

The acute encephalitis syndrome, which still afflicts public health ravages, shall be answered at Mitapathar of Muzaffarpur, Bihar. It is evident during litchi harvest (April-June), affecting under-nourished children from poor families. Among 622 personally supervised AES cases from May untill July 2019; a significant majority were found to have higher mortality and morbidity indices among female Scheduled Caste children. Access barriers in the social and cultural context delayed health care in the event of morbidity. Earlier speculation about associating litchi intake was set aside as most of affected children stayed far from orchards. Clinically, it manifests with fever starting suddenly associated with seizures, altered sensorium, hypoglycemia, hyponatremia, and elevated biomarkers CPK, LDH, and ammonia. High humidity and inadequate mosquito net use are linked. However, these observational studies could not show laboratory evidence of vectors of Japanese encephalitis. Priorities in action include strengthening surveillance, nutrition, education, and better health care access. 	Comment by M BEYAU KONYAK: Reframe the sentence or add other sentences. 	Comment by M BEYAU KONYAK: Delete	Comment by M BEYAU KONYAK: delete
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Introduction	Comment by M BEYAU KONYAK: Please write more about AES and AES on pediatrics.
Several Acute Encephalitis Syndrome (AES) outbreaks were reported mostly in the Muzaffarpur district in Bihar, India. The case fatality rate was noticed under the 15-year age group. The outbreak of AES mainly occurred during the Litchi harvesting season and one of the hypotheses indicates that it could be transmitted through the fecal-oral route[1]. Acute Encephalitis Syndrome (AES) cases come with a history of acute onset of fever, convulsion, confusion, disorientation, coma or inability to talk, and/or new onset of seizures excluding simple febrile seizures followed by high case fatality rate if not treated immediately. The disease occurs every year in a particular season [2,3]. One study suggests that AES is caused by the consumption of lychee after prolonged fasting by malnourished children. Methylene-cyclo-propyl-glycine (MCPG) is present in lychee. In Muzaffarpur, the onset of AES has been associated with both hypoglycine A and MCPG toxicity and could lead to episodes of hypoglycemia [4,5].	Comment by M BEYAU KONYAK: Mention the season.which season?
AES outbreaks predominantly affect rural communities with low socio-economic conditions. The outbreak coincided with the litchi picking season, which mainly takes place from April to June. One hypothesis is that malnourished children are usually diagnosed with AES, which leads to hypoglycemic syndrome after eating unripe litchis. Another study suggests that the onset of AES could be due to heat stroke encephalopathy or dyselectrolytemia [6,7]. Several etiologic factors for AES have been reported from different parts of India from time to time, with Orientia tsutsugamushi infection being considered an important causative agent of AES in India [8]. Low socioeconomic background, seasonal and environmental factors, and other risk factors such as malnutrition and inadequate immunization in children have been identified in AES [7]. To control and prevent mortality and complications of AES as early as possible, institutional treatment in a primary and secondary level health center and avoidance of unnecessary referral to higher centers is required. During the period of referral to a higher center, AES has the highest probability of mortality. At the village pradhan level, some health-related resources are available for disease prevention, but the resources are not utilized by them for disease prevention and control [9].
Methodology 	Comment by M BEYAU KONYAK: Add separate Study design and statistical tools if being used in this study.
A cross-sectional study was carried out in the AES endemic district of Muzaffarpur, Bihar, India. A total number of 622 AES cases were reported from Bihar from May to July 2019. Out of these 459 (74%) AES cases were admitted at SKMCH and KDKM Hospital Muzaffarpur and details were analyzed. After analyzing the data, the distribution of AES cases block-wise was identified. We have selected three endemic blocks Kanti, Minapur, and Mushari from where 285 (62%) AES cases were reported as compared to other blocks. Figure.1 shows several AES cases reported from May to July 2019. In this study, three groups were allocated which included recovered AES cases, AES cases contacts, and AES death cases household family members of the same pediatric age group. Details of epidemiological, entomological, and geographical distribution information in a structured questionnaire were undertaken. Clinical Details Such As Sudden Onset of Fever, Nausea, Vomiting, Pain in the Abdomen, etc. Were Taken from Parents of AES Patients. Body mass index (BMI) was evaluated through muac (mid-upper arm circumference) tape to assess the nutritional status of the enrolled subjects. Litchi fruits, Litchi leaves., and soil samples for testing of the effect of pesticide and insecticide which been sprinkled over the Litchi tree during the time of litchi cultivation were taken and sent to IITR Lucknow and NIOH Ahmadabad for identification of toxicity levels and environmental factors. In geographical distribution details, we monitored room temperature, outside temperature, humidity, longitude, and latitude from enrolled subjects' households. IES activity was also conducted in our study area for the prevention of mortality and morbidity. Instruction was imparted to all the parents of endemic areas to give adequate, safe drinking water during the summer season and give evening meals before going to sleep to their children. They were also counseled to promote two times baths morning and evening to maintain the body temperature and consult the nearest government health center for proper vaccination, especially for JE.
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Figure 1:Distribution of AES Cases and Deaths in most affected Blocks (N=459)

Results
We gathered the information as per our study protocol and enrolled 52 recovered AES cases, 65 healthy pediatric subjects from recovered cases households in the same age group, and 21 subjects where AES death happened Figure: 2.	Comment by M BEYAU KONYAK: Use table instead of figure

	 
	Recovered Case
	Healthy Contacts
	Death

	Age
	Male
	Female
	Total
	Male
	Female
	Total
	Male
	Female
	Total

	<6
	17
	20
	37
	13
	11
	24
	3
	11
	14

	>=6
	6
	9
	15
	23
	18
	41
	2
	5
	7

	Total
	23
	29
	52
	36
	29
	65
	5
	16
	21



Figure: 2- Age-sex wise distribution of recovered cases, healthy contacts and deaths

The mean age of recovered cases were 4 years with 95% CI (4.01-5.25) , while mean age of death cases was 3 years with 95% CI (3-4.5), wherever, it was 6 years with 95% CI (6-7) in which AES contact family members of pediatrics age group and AES death cases household family members of pediatrics age group respectively female cases were more (54%) as compared to males (46%) for age less than 6 years similarly it was also higher (60%) as compared to males (40%) for age above 6 years. The majority of onset of AES cases in the early morning at around about 3 AM. The female mortality rate was significantly higher (76%). The majority (65%) of the recovered cases were from OBC categories, followed by SC categories (33%), however, death was more in SC categories (67%) than in OBC (33%)Figure:3.	Comment by M BEYAU KONYAK: Please rewrite the sentences.
	 
	Recovered Case
	Healthy Contacts
	Death

	Category
	N
	%
	N
	%
	N
	%

	Gen
	1
	1.92
	2
	3.08
	0
	0.00

	OBC
	34
	65.39
	33
	50.77
	7
	33.33

	SC
	17
	32.69
	29
	44.62
	14
	66.67

	ST
	0
	0.00
	1
	1.54
	0
	0.00

	Total
	52
	100.00
	65
	100.00
	21
	100.00



Figure:3- Caste wise distribution of recovered cases, healthy contacts, and deaths
The difference in BMI between cases and controls was not statistically significant. However, the BMI (kg/m2)of recovered cases ranged from 12-18 with an average of 14.23, whereas in controls, it ranged from 11-17 with an average of 15.47 (Normal value of BMI: 18-23). Overall, the average BMI of cases was slightly lower when compared to healthy subjects. Litchi orchardwas present in 81% of recovered cases within 25 meters radius; however, in 19% it was beyond 25 meter of radius. However, in death cases, litchi garden was not present in 70%.Generally, in the daytime children go to the litchi garden and stay under a tree. The majority of households (90%) were thatched and 10 % were un-plastered brick walled houses. There was no history of migration of the children for all the groups before their immediate illness of AES.
There were noprodromal signs and symptoms of AES in every case in their presentation, but most of them had sudden onset of fever and convulsion. About 65% of recovered cases had their normal traditional dinner of rice pulse and mashed potato before the onset of AES signs and symptoms,while in the case of deaths, all(100%) had taken their normal dinner before sleep. 41% of all groups had received one dose of JE vaccination at one instance only.About 27% reported directly to the concerned PHC and nearest health center for their present illness. 50% had goats as livestock compared to other sand kept them in their households.The use of mosquito nets during sleeping was very poor, and most of them did not usethem habitually. 410Culex mosquitoes were collected indoors and outdoors from our study area and 250 culex mosquitoes were sent to VCRC, Pondicherry for species identification and none of them were found vectors for JE.
Discussion and Conclusion

Our study suggests that mortality and morbidity were more common in female children in all the endemic areas of AES. It could be due to social stigma because all the parents showed their negligencein consulting the health center for treatment of AES suspected female cases. It was also observed that most deaths of female cases were in scheduled caste householdscompared to another backward caste, which might be due to illiteracy and poor socio-economic condition of the parents due to daily wage workers. Litchi is also not responsible for the mortality of the children because the litchi garden is far away from households so the consumption of litchi is excluded here for their toxic effects. Furthermore, the children were in too small age grouptherefore, they were unable to go to the litchi orchard and feed on litchi by themselves.
Most of the AES cases from SKMCH Muzaffarpur, who died, had raised CPK, LDH serum ammonia besides hypoglycemia and hyponatraemia thereby indicating multifactorial organ involvement. In another study from Gorakhpur, scrub typhus was found in about 60% of the cases which responds well to Azithromycin and Doxycycline and Enterovirus was another important causative agent [10,11].However, no such definite risk factors have been established from AES patients in Muzaffarpur. Various hypotheses have been put for this region including litchi causing hypoglycemia due to MCPG, hot and humid climate leading to heat stroke and dyelectrolytaemia or an infectious agent but none of them have been proven till date.	Comment by M BEYAU KONYAK:  Please add full form for these abbreviation  in bracket or at the end.
The AES cases generally start appearing in April, attain a peak in June, and then decline slowly. The CFR of AES and JE ranges from 5% to 35% in Bihar.As per the annual report occurrence of AES cases ranges from 0.05 to 25 per 100000 population in all districts of Bihar[12].
The reporting and surveillance mechanism needs to be strengthened at the district level. Private practitioners who contribute to surveillance activities need more exposure and encouragement, especially for AES cases. Intense information, education, and communication (IEC) activities must be started at the village level to increase participation from the community and to improve long-term passive surveillance. Hence, there is a need to intensify efforts for prevention and control during April–June[13,14].Mortality and morbidity of AES cases also depend upon its multiple viral co-infections; therefore, identification of the causative organism helps prevent the occurrence of diseases[15,16]. One of the studies suggested that mosquito or bed-bug bites could be possible risk factors for bacterial or fungal infective causes of AES [17-19].
The IEC, and KAP tools and their knowledge of the relationship between dietary and lifestyle modifications with disease burden may enable us to formulate and execute appropriate control measures for AES mortality and morbidity. Besides a large-scalestudy will help identify the causative agent that needs to be undertaken the rule out any infectious/non-infectiousetiology.The exact cause of AES illness is also been not identified yet, therefore concentrating more on any other infectious organism rather than viruses, etc. to control the AES cases needs to be undertaken.  
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