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            Abstract

            
               
Background. Enteric fever is a systemic bacterial infection caused by salmonella typhi. Typhoid is usually acquired through ingestion
                  of water or food contaminated by the urine or feces of infected carriers and as such, is a common illness in areas where sanitation
                  is poor and is predominantly affects children in low- and middle-income countries. This study examines the burden of enteric
                  fever at our pediatric hospital in kolhapur, maharashtra ,India and assesses the impact of enteric fever immunization on the
                  outcomes.
               

               Methods. A descriptive study of enteric fever was conducted among children admitted in 2019–2020 to inpatient departments of Masai
                  Childrens Hospitals, Kolhapur, Maharashtra, India.
               

               Results. Out of total 573 children in whom blood culture was done, 31.41% (180 of 573) were culture positive for significant bacterial
                  growth, out of which, 23.88% (43 of 180) were confirmed as the cases of enteric fever by growth of Salmonella in the culture.
                  Positive outcomes were found to be significantly higher in children with enteric fever immunization in both rural and urban
                  areas.

               Conclusions. The burden of enteric fever among inpatients at pediatric hospital in Kolhapur , India is substantial. Universal immunization
                  with enteric fever vaccine would help reduce mortality. Inclusion of these hospital data in a retrospective study will be
                  useful for the generation of credible disease burden estimates of enteric fever in Western Maharashtra region.
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               Introduction

            Karl Joseph Eberth was the first to describe the bacillus that was suspected to cause typhoid in1880. Four years later, Georg
               Gaffky was a pathologist that confirmed this link, naming the bacillus Eberthella typhi, which is known today as salmonella
               enteric. Mary Mallon, also commonly known as Typhoid Mary, was, the most widely know carrier of typhoid fever. She was the
               first person in the United States to be identified as a carrier of the pathogen responsible for the disease, without experiencing
               symptoms related to the condition. She worked as a cook and throughout her career is thought to have infected 51 people, of
               which 3 cases proved fatal. She was forcibly isolated for quarantine purposes twice in her life, once in 1907 and again in
               1915.The second time she was not released and she died in isolation at the age of 69.1 Enteric fever is an acute, systemic infectious disease caused by the bacteria Salmonella enteric serovarsTyphi and Paratyphi A, B, or C, which often manifests with high-grade fever, coated tongue, nausea or vomiting, diarrhea,
               abdominal pain, and cough 2. It predominantly affects children and young adults because they either lack natural immunity or experience high levels of
               exposure to fecal pathogens 3,4 . According to the most recent estimates, between 11 and 21 million cases and 128000 to 161000 typhoid-related deaths occur
               annually worldwide. Estimates vary and are uncertain due to the limited number of population- based incidence studies 5. In addition, enteric fever continues to be an important global health problem especially in low- and middle-income countries
               of South Asia 3 5,6 ,77,8,9. In India Pooled estimation were 377 (178-801) and 105(74-148) per 100,000 person years for typhoid and paratyphoid respectively,
               with incidence being highest in children between 2 to 4 years. Thus low-resource countries experience a high burden of enteric
               fever because they have limited access to safe drinking water and to adequate sanitation and hygiene3 ,10. The establishment of a comprehensive surveillance system is important for generating credible data on enteric fever disease
               burden in endemic regions 11. To date, the burden of enteric fever in Western Maharashtra has been estimated on the basis of studies conducted in urban
               slums12, 13. Some hospital-based studies that estimated burden of enteric fever included hospitalized cases only 14, 15. The lack of credible estimates for enteric fever incidence, complications, and mortality rates has hampered the establishment
               of evidence-based policy decisions to prevent and control this disease 16. In this retrospective cohort study, we provide descriptive data to assess the burden of enteric fever at tertiary care pediatric
               hospital kolhapur, Maharashtra, as well as evaluate the impact of enteric fever immunization.17 
            

         

         
               Methods

            
                  Study Design, Sites, and Procedures

               Data were gathered retrospectively for the year 2019 among inpatient department (IPD) of Masai Children hospital in Kolhapur,
                  Maharashtra, India. Masai Medical (Child Health) Foundation Hospital . Masai Hospital is the largest pediatric hospital in
                  western Maharashtra that provides primary, secondary, and tertiary care to patients less than 18 years of age; 60% of the
                  70 beds in Masai are reserved for patients who are unable to pay. In our hospital, blood specimens are collected at the treating
                  physician’s discretion and processed in an out-sourced microbiology laboratory. We collect detailed demographic, clinical,
                  and laboratory information electronically on hospitalized suspected and laboratory-confirmed pneumonia, sepsis, meningitis,
                  and enteric fever cases who are younger than 5 years. The inclusion criteria for enteric fever is fever of ≥38.9°C for ≥5
                  days 6 , coated tongue, step ladder fever, headache, chills, anorexia, diaheria, dry cough, relative bradycardia, vomiting, swollen
                  abdomen and pain, hepatosplenomegaly, constipation, rash . Minimal demographic and clinical information (for example, age,
                  sex, diagnoses on admission and discharge, hospital duration, etc). For the present study, we extracted demographic (age,
                  sex, address), clinical (diagnoses, symptoms, duration of hospitalization, final outcome and typhoid immunization), and laboratory
                  data of enteric fever cases.
               

            

            
                   Case Definition

               A suspected case of enteric fever was defined as a patient with a clinical diagnosis of enteric fever without laboratory confirmation
                  of Salmonella Typhi/Paratyphi infection through blood culture. The final diagnosis was based on physician’s assessment at the end of patient
                  follow-up (ie, discharge/death/ referral/left against medical advice). A laboratory-confirmed case of enteric fever was defined
                  as a patient whose blood culture was positive for Salmonella Typhi/Paratyphi. 
               

            

            
                  Detection of Salmonella Typhi and Salmonella Paratyphi in Blood Samples

               All blood cultures were performed using standard methods 16 . Blood culture was processed by BACT/ALERT 3D 60 (BioMériux, France). In brief, 2–3 ml blood was obtained aseptically and inoculated into BacT/ALERT automated culture system
                  bottles containing patented liquid culture medium. After incubation, blood culture bottles marked as positive by the automated
                  culture system were subcultured on Blood agar and MaConkey agar plates. Growth on the agar plates was identified using the
                  automated VITEK® 2 COMPACT system (BioMériux, France).
               

            

            
                  Data Analysis

               Data was entered into Microsoft excel sheet and was analysed using SPSS 22 version software. Categorical data was represented
                  in the form of frequencies and proportions. Chi square test ,was used as test of significance for qualitative date continuous
                  date was represented as mean and was represented as mean and standard deviation independent t test was used as test of significance
                  to identify the mean difference between two quantitive variables.MS Excel was used to obtain various graphs. P valve <0.05
                  was considered as statistically significant.
               

            

         

         
               Results

            
                  Sex wise distribution of all suspected patients(n=573)

               
                     
                     Figure 1

                     
                        Sex wise distribution of all suspected patients
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               In the present study out of 573 suspected cases, 386 (67.36%) were males and 187 (32.64%)were females showing male preponderance
                  and male to female ratio was found to be 2:1. (Figure 1)
               

            

            
                  Age wise distribution of patients (n = 573):

               
                     
                     Figure 2

                     
                        Age wise distribution of patients 
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               In the present study, out of 573 patients, more than half of the patients (341, 59.51%) were from age group <5 years followed
                  by 148 (25.83%) were from age group 5 to 10 years and only 84 (14.66%) were from age group >10 years. (Figure 2) 
               

            

            
                  Month-wise distribution of Cases:

               
                     
                     Figure 3

                     
                        Month wise distribution ofsuspected cases (n=573)
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               Figure 3 shows that most of the cases were presented during monsoon season (September and October) followed by in spring season
                  (March and April).  The Least number of cases were reported during summer season.
               

            

            
                  Presenting Symptoms:

               Most common presentation was fever > 5days seen in almost half of the cases (311) followed by stepladder pattern of fever
                  in 283 cases, headache and diarrhoea in 112 cases each. Lesser common symptoms were dry cough, relative bradycardia, pain
                  in abdomen constipation and convulsions in <25% cases only. (Table 1)
               

               

               
                     
                     Table 1

                     
                        Presenting Symptoms in suspected patients(n=573)
                        
                     

                  

                  
                        
                           
                              	
                                 
                              
                              Symptoms

                              
                           
                           	
                                 
                              
                              Number of Patients

                              
                           
                           	
                                 
                              
                              Percentage

                              
                           
                        

                        
                              	
                                 
                              
                              Fever >5 Days 

                              
                           
                           	
                                 
                              
                              311

                              
                           
                           	
                                 
                              
                              54.28

                              
                           
                        

                        
                              	
                                 
                              
                              Coated Tongue

                              
                           
                           	
                                 
                              
                              283

                              
                           
                           	
                                 
                              
                              49.39

                              
                           
                        

                        
                              	
                                 
                              
                              Step Ladder Pattern

                              
                           
                           	
                                 
                              
                              233

                              
                           
                           	
                                 
                              
                              40.66

                              
                           
                        

                        
                              	
                                 
                              
                              Headache

                              
                           
                           	
                                 
                              
                              112

                              
                           
                           	
                                 
                              
                              19.55

                              
                           
                        

                        
                              	
                                 
                              
                              Chills

                              
                           
                           	
                                 
                              
                              112

                              
                           
                           	
                                 
                              
                              19.55

                              
                           
                        

                        
                              	
                                 
                              
                              Anorexia

                              
                           
                           	
                                 
                              
                              81

                              
                           
                           	
                                 
                              
                              14.14

                              
                           
                        

                        
                              	
                                 
                              
                              Diarrhea

                              
                           
                           	
                                 
                              
                              78

                              
                           
                           	
                                 
                              
                              13.61

                              
                           
                        

                        
                              	
                                 
                              
                              Malasia

                              
                           
                           	
                                 
                              
                              75

                              
                           
                           	
                                 
                              
                              13.09

                              
                           
                        

                        
                              	
                                 
                              
                              Dry Cough

                              
                           
                           	
                                 
                              
                              72

                              
                           
                           	
                                 
                              
                              12.57

                              
                           
                        

                        
                              	
                                 
                              
                              Cough

                              
                           
                           	
                                 
                              
                              71

                              
                           
                           	
                                 
                              
                              12.39

                              
                           
                        

                        
                              	
                                 
                              
                              Relative Bradycardia

                              
                           
                           	
                                 
                              
                              68

                              
                           
                           	
                                 
                              
                              11.87

                              
                           
                        

                        
                              	
                                 
                              
                              Vomiting

                              
                           
                           	
                                 
                              
                              65

                              
                           
                           	
                                 
                              
                              11.34

                              
                           
                        

                        
                              	
                                 
                              
                              Swollen Abdomen And Pain

                              
                           
                           	
                                 
                              
                              59

                              
                           
                           	
                                 
                              
                              10.30

                              
                           
                        

                        
                              	
                                 
                              
                              Hepatosplenomegaly

                              
                           
                           	
                                 
                              
                              19

                              
                           
                           	
                                 
                              
                              3.32

                              
                           
                        

                        
                              	
                                 
                              
                              Constipation

                              
                           
                           	
                                 
                              
                              6

                              
                           
                           	
                                 
                              
                              1.05

                              
                           
                        

                        
                              	
                                 
                              
                              Rash

                              
                           
                           	
                                 
                              
                              3

                              
                           
                           	
                                 
                              
                              0.52

                              
                           
                        

                        
                              	
                                 
                              
                              Convulsion

                              
                           
                           	
                                 
                              
                              2

                              
                           
                           	
                                 
                              
                              0.35

                              
                           
                        

                     
                  

               

               

               
                     
                     Figure 4

                     
                        Pareto distribution of sings symptoms
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               The pareto distribution of the 573 cases shows that 80% of the cases had the following signs / symptoms: fever for more than
                  5 d, Coated tongue, Step ladder pattern of fever, fever between 38.5 to 39.9 deg C, headache, chills, diarrhea, anorexia and
                  malaise. 
               

            

            
                  Blood culture testing:

               Out of total 573 suspected patients, blood culture was done in 311 (54.28%). Culture was found positive for various organisms
                  in 180 (57.87%) patients. Out of these, culture for enteric fever was positive in 43 (23.88%) patients and other organisms
                  in 137 (76.11%) patients. Out of total culture positive cases (180), one fourth (24%) were positive for culture of enteric
                  fever. (Figure 4). Out of total suspected 573 cases, 43 (7.50%) were positive for enteric fever by laboratory confirmation.
               

               

               
                     
                     Figure 5

                     
                        Break up of blood culture testing
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                  Distribution of positive enteric fever culture cases by initial clinical diagnoses:

               Graph 5 shows the initial clinical diagnoses in various cases that were later confirmed as enteric fever by positive blood
                  cultures.
               

               

               
                     
                     Figure 6
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                  Clinical Diagnosis and Blood Culture Testing:

               Out of total 180 culture positive patients, 43 were Salmonella typhi, 53 were Staphylococcus (Staph.haemolyticus 16, CONS
                  13, Staph.Epidermidis 09, MRSA 06 and Staph.aureus, Staph.saprophyticus, 4 patients each) followed by Acinetobacter in 11
                  patients, KlebsiellaPneumonia in 10, Candida Species, and Sphingomonas in 9 patients each, E. coli and Pseudomonas in 4 patients
                  each. Micrococcus and Streptococcus in 6 patients each. Lesser common organisms were Berkholderia, Brucella and Dermacocus.
                  (Graph 6)
               

               

               
                     
                     Figure 7

                     Distributionof Culture Positive Patients
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                     Figure 8

                     
                        Pareto distributionof various isolates from blood culture 
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               The above graph shows the organisms that accounted for 80% of the positive blood cultures which were: Staphylococci, S typhi,
                  Acinetobacter, Klebsiella, Candida, Sphingomonas, Micrococus and MRSA. Thus Salmonella is one of the most frequent isolates
                  in blood culture in our hospital.
               

               The most probable sources of infections were, infected food and water in case of salmonella typhi, skin commensal flora in case of most Staphylococcal infections, ground
                  water and soil in case of Acinetobacter and Pseudomonas, GI tract in case of E. coli, GI tract and URTI in case of Klebsiella
                  Pneumonia, Colonized person - nose, axilla, perineal region / rectum in case of MRSA.

            

            
                  Outcome of the Patients:

               Out of total 43 patients, 34 patients recovered completely, 4 took DAMA (Discharge against medical advice), 1 patient shifted
                  to other hospital who were recovered later. Mortality was seen in 4 patients.
               

            

            
                  9. Association between age and culture positivity:

               
                     Figure 9
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               Above table shows that out of 43 patients, culture positive for Enteric fever, almost half were belonging to the age < 5 years
                  and 30% from 5 to 10 years age group but association between lower age groups and culture positivity was not found to be significant.
                  (p value 0.727).
               

            

            
                  10. Association between immunization status and outcomes in urban and rural areas:

               
                     Figure 10
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               Above table shows that out of 31 patients from rural areas, 26 were immunized and all immunized patients were recovered. Out
                  of 5 unimmunized, 3 recovered and 2 died. Among patients from rural areas, association between immunization status and recovery
                  was found to be statistically significant. Similarly, out of 12 patients from rural areas, 9 were immunized and 8 immunized
                  patients were recovered. Out of 3 unimmunized, 2 recovered and 1 died and this association lacks statistical significance
                  among patients from urban areas
               

               

            

         

         
               Discussion

            Enteric fever remains a public health problem in middle- and low-income countries.  In our hospital, in the year 2019, the
               most common signs / symptoms seen in patients suspected of enteric fever were fever for more than 5 d, Coated tongue, Step
               ladder pattern of fever, fever between 38.5 to 39.9 deg C, headache, chills, diarrhea, anorexia and malaise. 
            

            Overall, male children are affected more when compare to female and according to age wise distrubation. Children below 5yrs
               of age are affected more when compared to age group of 5-10yres and age grope of 10 -18yrs. Majority of the cases presented
               in monsoon and spring seasons,6 ,11 ,13 ,18 . Out of the 573 cases included in the study, 311 (54.27%) cases underwent blood culture. Of these 180 were blood culture
               positive, of which, 43 (23.88)% grew Salmonella. Salmonella was the second most common pathogen identified. Our study finds
               that a large percentage of infectious diseases in western Maharashtra can be attributed to enteric fever. In this study, we
               report that the burden of suspected or laboratory-confirmed enteric fever was 7.50% of all patients presenting with fever
               lasting for more than five days at largest pediatric hospitals in western Maharashtra in the year 2019. No association was
               found between age and blood culture positivity. Many laboratories confirmed cases were initially diagnosed with diagnoses
               other than enteric fever but later turned out to be enteric fever. Thus a high index of clinical suspicion should be maintained
               in all patients presenting with prolonged fever and a blood culture should be done in all of these to confirm the diagnosis.
               Although 4 patients with confirmed enteric fever died during hospitalization among these four, 2 were immunocompromised, one
               was under for systemic onset Juvenile Idiopathic Arthritis and another was under treatment for leukemia. Underlying co-morbidities
               and immunocompromisation appear to worsen the prognosis and outcomes in enteric fever. Children from rural area were affected
               more when compared to urban population which can be due to poor hygiene and sanitation. In both rural and urban patients immunized
               children were less affected.19 . The proportion of laboratory confirmed cases was lower in children who lived outside Kolhapur compared to that in the children
               that lived within Kolhapur probably due to culture results being affected by prior antibiotic treatment given before they
               were referred to our hospital.  Our study showed that immunized children were better protected compared to non-immunized children.
            

            This study is not without limitations. The present study included only cases that were hospitalized in our center. Many enteric
               fever cases receive treatment at outpatient departments (OPD) and are generally not hospitalized. 
            

         

         
                CONCLUSIONS

            Our study reveals significant burden of culture-confirmed enteric fever in our region in hospitalized patients especially
               in children with fever greater then 5 days of duration. A high index of suspicion of enteric fever needs to be maintained
               in these patients and a blood culture should be done in all such cases. Prior antibiotic treatment reduces the likelihood
               of culture positivity. Underlying co-morbidities and immunocopromisation can worsen the outcomes. However, typhoid immunization
               appeared to protect from the infection and should be empahsized more.
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