
Journal of

Clinical Medicine

Article

Urinary Tract Infection in Febrile Children with
Sickle Cell Disease Who Present to the Emergency
Room with Fever

Nehal Patel 1,* , Ahmad Farooqi 2, Michael Callaghan 3 and Usha Sethuraman 1

1 Division of Emergency Medicine, Carman and Ann Adams Department of Pediatrics,
Children’s Hospital of MI, Detroit, MI 48201, USA; usethura@dmc.org

2 Children’s Research Center of MI, Wayne State University School of Medicine, Detroit, MI 48201, USA;
afarooq@med.wayne.com

3 Division of Pediatric Hematology and Oncology, Carman and Ann Adams Department of Pediatrics,
Children’s Hospital of MI, Detroit, MI 48201, USA; mcallagh@med.wayne.edu

* Correspondence: npatelmd88@gmail.com; Tel.: +1-(313)-745-5260

Received: 7 April 2020; Accepted: 8 May 2020; Published: 19 May 2020
����������
�������

Abstract: Sickle cell disease (SCD) patients are thought to be at higher risk for urinary tract infections
(UTIs) compared to the general population secondary to increased sickling, abnormal urinary
acidification, and an inability to concentrate the urine. The incidence of UTI in febrile children with
SCD in the United States is unknown. Our objectives were to determine the rate of UTI among febrile
SCD children and describe the risk factors for UTI in this population. We conducted a retrospective
chart review of all febrile SCD patients <4 years of age who presented to a pediatric emergency
department from 2012–2017 and who had a sterile sample of urine for analysis. A total of 167 febrile
patients with SCD with 464 visits were identified. The majority were African American (95.2%),
female (58.7%), and had hemoglobin SS (HbSS) (65.3%). The rate of UTI was 4.1%. All patients with a
UTI were African American females with a median age of 19 months (IQR 12–30). On regression
analysis, no risk factors were associated with a UTI. We found the rate of UTI in febrile young children
with SCD was comparable to non-SCD children. Larger studies are required to identify the presence
of risk factors for UTI in this population.

Keywords: sickle cell disease; urinary tract infection; fever; children

1. Introduction

Sickle cell disease (SCD) is one of the most common genetic hematological diseases, with an
estimated 100,000 Americans affected [1]. Disease severity varies considerably, and important
complications include invasive infections and sepsis. Due to the subnormal immunity resulting from
reduced or absent splenic function, children with SCD are at a higher risk for bacterial infections [2,3].
However, patients with SCD also have altered blood flow to the kidneys and low renal arterial oxygen
tension. This causes increased sickling, abnormal urinary acidification, and an inability to concentrate
the urine, resulting in an increased risk for urinary tract infections (UTIs) [3–5]. Yet, studies exploring
the pediatric rates of UTI in SCD with fever are limited, and results have ranged widely between
1–28% [4,6–10].

The current practice in many pediatric emergency departments (PEDs) is to perform a urinalysis
(UA) and a urine culture in SCD patients with fever as part of the diagnostic evaluation [11]. In children
less than 2 years of age who are not able to provide a clean catch sample, a catheterized specimen is
often required, as bag samples have a high rate of contamination [12]. With multiple PED visits for a
chief complaint of fever, patients with SCD may undergo multiple urinary catheterizations, which can
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add to parental concerns for this invasive procedure. Knowledge of the actual rate of UTI in the SCD
population and the predictors of a UTI in these patients would help to limit the diagnostic evaluation to
those who are at a higher risk for a UTI. Thus, the aim of this study was to (1) determine the rate of UTI
among children with SCD and fever and (2) describe the risk factors for UTI in this patient population.

2. Experimental Section

2.1. Study Setting

This study was performed at an inner-city tertiary care children’s hospital that serves as a
referral center for patients with SCD. Approximately 700 patients with SCD are cared for in the
pediatric hematology clinic and 150 are seen in the PED annually for fever. The PED is a level one
trauma center with approximately 85,000 annual patient visits and is staffed by pediatric emergency
medicine physicians, general pediatricians, and advanced practice providers. This study was approved
by the Wayne State University Institutional Review Board (IRB Number: 123417MP2E) and the
study was conducted in compliance with all applicable institutional ethical guidelines for retrospect
research studies.

2.2. Study Sample

This was a retrospective descriptive study of children with SCD less than 4 years of age who
presented to the PED with fever between 1 January 2012 and 31 December 2017. We chose this age
group as they are less likely to provide a clean catch urine sample and would require a catherization.
Patients were identified using International Classification of Diseases (ICD), Ninth and Tenth Edition
diagnosis codes for sickle cell (282.60, 282.61, 282.62, 282.63, 282.64, 282.68, D57.0, D57.02, D57.1, D57.2,
D57.219) and fever (780.60, 780.61, D50.9, R50.81). We excluded children who were >4 years of age and
those who (a) did not have a chief complaint of fever; (b) received antibiotics other than for prophylaxis
within 2 weeks prior to presenting to the PED; (c) had preexisting renal disease, a neural tube defect,
or required home urinary catheterization; and (d) did not provide a sterile sample for urinalysis or
urine culture.

2.3. Definitions

SCD was defined as hemoglobin SS, SC, S-beta thalassemia (S-beta thal), or SE as diagnosed
by the newborn screen or hemoglobin electrophoresis. Fever was defined as tactile fever at home
or any temperature ≥38 ◦C at home or in the PED. We defined the height of fever as the maximum
temperature that the patient had during their febrile illness. Length of stay was defined as time
measured from patient registration in triage to when they were discharged either from the PED or
the hospital following admission. A sterile sample of urine was defined as a midstream clean catch,
catheterized, or suprapubic tap sample.

The American Academy of Pediatrics (AAP) defines a UTI based upon method of collection:
greater than 50,000 colony forming units per milliliter (CFU/mL) of an uropathogen for a sample
obtained via catheterization or suprapubic aspiration with a positive UA (presence of pyuria and/or
bacteria) [13]. Our laboratory reports urine CFU as less than 10,000, 10,000–100,000, or greater than
100,000 CFU/mL per pathogen. Due to this limitation, a UTI was therefore defined as a urine culture
proven greater than or equal to 10,000 CFU/mL of at least one uropathogen.

2.4. Outcomes

The primary outcome for this study was the rate of UTI in children less than 4 years of age with
SCD who presented to the PED with fever. The secondary outcome was risk factors associated with a
UTI in our cohort of patients.
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2.5. Data Collection

All data were collected and recorded into Research Electronic Data Capture (REDCap), a secure,
web-based, application designed to support data capture for research studies [14]. Variables of interest
included age, gender, race, type of SCD, height of fever, complete blood count with differential results,
urinalysis results, urine culture results, and length of stay. All variables were abstracted by a trained
researcher assistant and verified by the primary investigator.

2.6. Data Analysis

The data was summarized and reported with categorical variables by numbers and percentages.
The rate was measured by the frequency of which a UTI occurred in a defined population over 6 years.
This was calculated with number of UTIs over the total number of visits. The normality of continuous
variables was tested by the Shapiro–Wilk test. We analyzed all normally distributed continuous
variables by mean and standard deviation, whereas the non-normally distributed continuous variables
were reported by median and interquartile range. Pearson’s Chi-squared test was used to analyze
the distribution of categorical variables by groups, provided no expected frequency was less than
1, and no more than 20% of the cell had a frequency of less than 5. Otherwise, Fisher’s exact test
was used for the analysis. Missing data accounted for less than 1% of the total data set. A total of
five cases had at least one missing data point. Missing data were handled using pairwise deletion.
Two group comparisons on UTI for non-normally distributed continuous variables such as age in
months, maximum temperature (◦C), and white blood cell count (WBC) were compared using the
Wilcoxon rank sum test. Generalized estimating equation for logistic regression was used to study the
effect of different predictors (age of months, WBC, and maximum temperature) on the likelihood of
UTI for the same subjects with repeated visits. We used SAS (version 9.4, SAS Institute Inc. Cary, NC,
USA) to perform the statistical analyses. The significance level was set at 0.05.

3. Results

In our study period, 212 patients with SCD had 897 PED visits for fever. Of these, 167 met our
inclusion criteria (Figure 1). The characteristics of our study population are shown in Table 1. Over half
of patients were female (58.7%), and the majority were African American (95.2%) with HbSS disease
(65.3%).

There were 19 visits with 18 patients who met our definition for a UTI. The rate of UTI in SCD
patients in our population was 4.1%. All of the patients with a UTI were African American females
with a median age of 19 months and were treated with antibiotics during the visit. There were no
differences in the median age of patients (19 months vs. 17 months, p < 0.42), white blood cell count
(13.8k/cumm vs. 13.6k/cumm, p < 0.82), and maximum temperature (39.5 ◦C vs. 39.3 ◦C; p ≤ 0.13)
between those with and without a UTI (Table 2). The urinalysis for patients with a UTI was more likely
to be positive for leukocytes, nitrates, or an elevated urine white cell count (p < 0.001). There were
three patients who had proteinuria seen in their urinalysis. The most common bacteria found in the
urine was Escherichia coli (Table 3). Based on the generalized estimating equation for logistic regression
analysis, age, maximum temperature, and white blood cell count were not associated with a UTI
(Table 4).
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Figure 1. Study population. SCD: sickle cell disease. 
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African American  159 (95.2) 
Type of Sickle Cell Disease   

SS 109 (65.3) 
SC 50 (29.9) 

S-Beta Thalassemia  6 (3.6) 
Other 2 (1.2) 

Variables Median (IQR) 
Age (Months) 11 (7–20) 

Maximum Temperature (°C) 39.3 (38.7–39.5) 
White Blood Cell Count (k/mm3) 12.3 (8.9–18.1) 
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Figure 1. Study population. SCD: sickle cell disease.

Table 1. Demographics.

Characteristic n = 167 (%)

Female 98 (58.7)
African American 159 (95.2)

Type of Sickle Cell Disease

SS 109 (65.3)
SC 50 (29.9)

S-Beta Thalassemia 6 (3.6)
Other 2 (1.2)

Variables Median (IQR)

Age (Months) 11 (7–20)
Maximum Temperature (◦C) 39.3 (38.7–39.5)

White Blood Cell Count (k/mm3) 12.3 (8.9–18.1)
Hemoglobin (gm/dL) 9.5 (8.2–10.4)

Platelets (k/mm3) 310.5 (238–378)
Length of Stay (days) 2 (2–3)

Table 2. Characteristics of patients with and without urinary tract infection (UTI).

Characteristic UTI n = 19 No UTI n = 445 p-Value

Type of Sickle Cell Disease n (%) n (%)

SS 12 (63.2) 291 (65.4) 0.6
SC 6 (31.6) 139 (31.2)

S-Beta Thalassemia 1 (5.3) 12 (2.7)

Variables Median (IQR) Median (IQR)

Age in Months 19 (12–30) 17 (10–28) 0.42
Maximum Temperature (◦C) 39.5 (39.2–40.0) 39.3 (38.7–39.6) 0.13

White Blood Cell Count 13.8 (8.2–20.4) 13.6 (9.2–18.8) 0.82

Urine Results Variables n (%) n (%)

White Blood Cell Count >5 12 (63.2) 38 (8.5) <0.001
Leukocyte Positive 12 (63.2) 48 (10.7) <0.001

Nitrite Positive 6 (31.6) 4 (0.9) <0.001
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Table 3. Urine culture results (n = 19 patient visits).

Patient Visit Age in Months Type of SCD Name of First
Urine Pathogen

Name of Second
Urine Pathogen

1 11 S-beta thal Candida albicans Enterococcus faecium

2 31 SS Escherichia coli

3 14 SS Escherichia coli

4 19 SC Escherichia coli

5 26 SS Escherichia coli

6 30 SS Escherichia coli

7 11 SS Escherichia coli

8 16 SC Escherichia coli

9 22 SS Escherichia coli

10 17 SS Escherichia coli

11 38 SS Escherichia coli Enterococcus faecalis

12 45 SC Escherichia coli

13 15 SC Escherichia coli

14 11 SC Escherichia coli

15 12 SS Escherichia coli

16 25 SS Klebsiella pneumonia

17 3 SS Klebsiella pneumonia

18 47 SC Morganella moganii Enterococcus faecalis

19 22 SS Proteus mirabilis

Table 4. Generalized estimate model: factors associated with the presence of UTI.

Parameter Estimates Standard Error 95% Confidence Interval

Age in Months 1.01 0.03 0.95–1.07
Maximum Temperature (◦C) 1.6 0.57 0.78–3.2

White Blood Cell Count 0.99 0.03 0.94–1.05

4. Discussion

Our study showed that the rate of UTI in children <4 years of age with SCD was low and
comparable to that reported among the general pediatric population [13,15]. It has been reported that
children with SCD are at greater risk for UTI compared with the general population [4]. This increased
susceptibility is felt to be due to altered blood flow, causing papillary necrosis and loss of the urinary
concentrating and acidifying ability of the nephrons. Repeated red blood cell sickling and congestion
in the vasa recta leads to ischemia and impaired solute reabsorption, resulting in poor concentrating
ability. This results in abnormally dilute and alkaline urine and dehydration, which favor bacterial
proliferation [16]. Despite these physiological differences in the renal function of patients with SCD,
our study did not find that the rates of UTI in febrile children with SCD were any higher than that of
the general population among children <4 years of age. While the reasons for this are not clear, one
possible explanation may be that the decreased urinary concentration ability and hyperperfusion of
the kidney that occur in young children with SCD may offer some amount of protection from urinary
infections in this age group, as it can lead to increased urine output and voiding, which can result in
less retention of bacteria and colonization or infection. While it would be interesting to see the effect of
renal dysfunction on those with UTI in children with sickle cell disease, this was not within the scope
of this emergency department based study.
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Our rates of UTI are higher than that reported by other studies [7,17]. Differences in population,
type of sickle cell disease, and age might have contributed to the reported difference in rate of UTI.
Bansi et al. found an incidence of 1.1% for UTI; there were two patients that had a UTI—both were
females and less than 24 months of age. However, their study cohort had included all children
<18 years, and they did not collect a urine sample for each patient, which may have underestimated
the incidence of UTI. Morrissey et al., in the United Kingdom, found a slightly higher incidence of UTI
at 2.3%. However, not all patients in their study had a urine sample obtained, and their study included
children <16 years of age; thus the true incidence of UTI may have been underestimated.

Conversely, our reported rate of UTI was much lower than that reported in tropical countries among
patients with SCD [6,8,9]. Asinobi et al. described the prevalence in Nigeria to be 21.6%, with 62.2%
having no symptoms or signs of UTI except for a fever [6]. Jiya et al. and Mava et al. also found similar
results with incidences of 27.8% and 26%, respectively [8,9]. One of the proposed explanations for
this observed difference in UTI rates is that in hotter areas, such as Nigeria, the decreased urinary
frequency secondary to increased insensible loses promotes urinary retention and hence more time for
bacterial pathogens to grow [8]. Although higher rates of UTI have been reported in adults in tropical
countries due to differences in hygiene practice, the impact of cultural and population differences
in hygiene practice on rates of UTI in children with sickle cell disease is unknown and needs to be
explored further [18].

Young age and female gender are known risk factors for UTI in the general population [13,15,19].
Other studies on children with SCD have also reported gender differences in the rates of UTI in
SCD [6,8,9]. While Asinobi et al. and Mava et al. reported a higher rate of culture-proven UTI in
females (57%), Jiya et al. found higher rates in males (57%) [8]. Although we did not find any risk
factors to be associated with a UTI in our study, it is noteworthy that the median age in our study
among those with a UTI was 19 months and all were females. Larger studies are required to confirm
age or gender differences of UTI among children with SCD and fever. If age and gender differences are
found to be similar to that of the general population, then urine testing may be limited to those specific
groups in SCD children with fever.

If our study results are confirmed in a larger sample, then clinicians could potentially obtain
catheterized urine cultures only in the at-risk population of children with SCD using the same criteria
as for the children without sickle cell disease. Additionally, a screening urine analysis in triage with a
bagged urine specimen in the at-risk children could guide the need for an invasive catheterized urine
culture [20].

There were several limitations to our study. This was a single center study with a small sample
size, thus limiting our ability to make firm recommendations about evaluating patients with SCD for a
UTI in clinical practice. However, our hospital is the largest referral center for SCD in the state and thus
future multicenter studies are required to further increase the sample size. This was a retrospective
study with the inherent limitations of chart review. Potentially eligible patients may have been excluded
due to lack of documentation of temperature or method of urine collection. Thus, the true rate of UTI
in febrile children less than 4 years of age could have been underestimated. Finally, our definition of
UTI was limited by current laboratory reporting practices, which may, in turn, overestimate the rate of
UTI, given the broad CFU counts used to define a UTI.

5. Conclusions

Despite the known risk for developing infections, the rate of UTI in febrile young children less
than 4 years of age with SCD was comparable to non SCD children with fever. Larger studies are
required to identify the presence of any risk factors for UTI in this population.



J. Clin. Med. 2020, 9, 1531 7 of 8

Author Contributions: Conceptualization, N.P. and U.S.; methodology, N.P. and U.S.; software, A.F.; validation,
N.P. and U.S.; formal analysis, N.P., A.F., M.C., and U.S.; investigation, N.P. and U.S.; resources, N.P. and U.S.;
data curation, N.P. and A.F.; writing—original draft preparation, N.P.; writing—review and editing, N.P., M.C.,
and U.S.; visualization, N.P. and U.S.; supervision, U.S.; project administration, N.P. and U.S. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: The authors thank Carolina Vega for providing a critical review of the manuscript, as well as
Stephanie Saravolatz and Elizabeth Warbasse for helping with data collection.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Centers for Disease Control and Prevention. Costs of Intimate Partner Violence Against Women in the United
States; National Center for Injury Prevention and Control: Atlanta, GA, USA, 2003.

2. Chukwu, B.F.; Okafor, H.U.; Ikefuna, A.N. Asymptomatic bacteriuria in children with sickle cell anemia
at The University of Nigeria teaching hospital, Enugu, South East, Nigeria. Ital. J. Pediatr. 2011, 37, 45.
[CrossRef] [PubMed]

3. Nath, K.A.; Hebbel, R.P. Sickle cell disease: Renal manifestations and mechanisms. Nat. Rev. Nephrol. 2015,
11, 161–171. [CrossRef] [PubMed]

4. Bruno, D.; Wigfall, D.R.; Zimmerman, S.A.; Rosoff, P.M.; Wiener, J.S. Genitourinary Complications of Sickle
Cell Disease. J. Urol. 2001, 166, 803–811. [CrossRef]

5. Tarry, W.; Duckett, J.W.; Snyder, H.M. Urological Complications of Sickle Cell Disease in a Pediatric Population.
J. Urol. 1987, 138, 592–594. [CrossRef]

6. Asinobi, A.O.; Fatunde, O.J.; Brown, B.; Osinusi, K.; Fasina, N.A. Urinary tract infection in febrile children
with sickle cell anaemia in Ibadan, Nigeria. Ann. Trop. Paediatr. 2003, 23, 129–134. [CrossRef] [PubMed]

7. Bansil, N.H.; Kim, T.Y.; Tieu, L.; Barcega, B. Incidence of Serious Bacterial Infections in Febrile Children with
Sickle Cell Disease. Clin. Pediatr. 2013, 52, 661–666. [CrossRef] [PubMed]

8. Jiya, N.; Ibitoye, P.; Jiya, F. Urinary tract infection and malaria co-morbidity in febrile children with sickle-cell
anaemia in Sokoto, Nigeria. Internat. J. Med. Med. Sci. 2012, 2, 154–157.

9. Mava, Y.; Ambe, J.P.; Bello, M.; Watila, I.; Pius, S. Evaluation of the Nitrite Test in Screening for Urinary Tract
Infection in Febrile Children with Sickle Cell Anaemia in Maiduguri-Nigeria. Niger. Med. J. 2011, 52, 45–48.
[PubMed]

10. Yauba, M.; Aikhionbare, H.; Ogunrinde, G.; Bugaje, M. Significant bacteriuria in children with sickle cell
anaemia in a Nigerian tertiary hospital. Niger. J. Paediatr. 2014, 41, 350. [CrossRef]

11. National Heart Lung and Blood Institute; U.S. Department of Health and Human Services. Evidence-Based
Management of Sickle Cell Disease: Expert Panel Report. Available online: https://www.nhlbi.nih.gov/

health-topics/evidence-based-management-sickle-cell-disease (accessed on 6 November 2019).
12. Al-Orifi, F.; McGillivray, D.; Tange, S.; Kramer, M.S. Urine culture from bag specimens in young children:

Are the risks too high? J. Pediatr. 2000, 137, 221–226. [CrossRef] [PubMed]
13. Subcommittee on Urinary Tract Infection. Reaffirmation of aap clinical practice guideline: The diagnosis and

management of the initial urinary tract infection in febrile infants and young children 2–24 months of age.
Pediatrics 2016, 138, e20163026. [CrossRef] [PubMed]

14. Harris, P.A.; Taylor, R.; Thielke, R.; Payne, J.; Gonzalez, N.; Conde, J.G. Research electronic data capture
(REDCap)—A metadata-driven methodology and workflow process for providing translational research
informatics support. J. Biomed. Inform. 2008, 42, 377–381. [CrossRef] [PubMed]

15. Shaikh, N.; Morone, N.E.; Bost, J.E.; Farrell, M.H. Prevalence of Urinary Tract Infection in Childhood.
Pediatr. Infect. Dis. J. 2008, 27, 302–308. [CrossRef] [PubMed]

16. Pham, P.-T.T.; Wilkinson, A.H.; Lew, S.Q.; Pham, P.-C.T. Renal abnormalities in sickle cell disease. Kidney Int.
2000, 57, 1–8. [CrossRef] [PubMed]

17. Morrissey, B.J.; Bycroft, T.P.; Almossawi, O.; Wilkey, O.B.; Daniels, J.G. Incidence and Predictors of Bacterial
infection in Febrile Children with Sickle Cell Disease. Hemoglobin 2015, 39, 316–319.

http://dx.doi.org/10.1186/1824-7288-37-45
http://www.ncbi.nlm.nih.gov/pubmed/21929817
http://dx.doi.org/10.1038/nrneph.2015.8
http://www.ncbi.nlm.nih.gov/pubmed/25668001
http://dx.doi.org/10.1016/S0022-5347(05)65841-7
http://dx.doi.org/10.1016/S0022-5347(17)43267-8
http://dx.doi.org/10.1179/027249303235002198
http://www.ncbi.nlm.nih.gov/pubmed/12803742
http://dx.doi.org/10.1177/0009922813488645
http://www.ncbi.nlm.nih.gov/pubmed/23661790
http://www.ncbi.nlm.nih.gov/pubmed/21968796
http://dx.doi.org/10.4314/njp.v41i4.12
https://www.nhlbi.nih.gov/health-topics/evidence-based-management-sickle-cell-disease
https://www.nhlbi.nih.gov/health-topics/evidence-based-management-sickle-cell-disease
http://dx.doi.org/10.1067/mpd.2000.107466
http://www.ncbi.nlm.nih.gov/pubmed/10931415
http://dx.doi.org/10.1542/peds.2016-3026
http://www.ncbi.nlm.nih.gov/pubmed/27940735
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://www.ncbi.nlm.nih.gov/pubmed/18929686
http://dx.doi.org/10.1097/INF.0b013e31815e4122
http://www.ncbi.nlm.nih.gov/pubmed/18316994
http://dx.doi.org/10.1046/j.1523-1755.2000.00806.x
http://www.ncbi.nlm.nih.gov/pubmed/10620181


J. Clin. Med. 2020, 9, 1531 8 of 8

18. Das, P.; Baker, K.K.; Dutta, A.; Swain, T.; Sahoo, S.; Das, B.S.; Panda, B.; Nayak, A.; Bara, M.; Bilung, B.; et al.
Menstrual Hygiene Practices, WASH Access and the Risk of Urogenital Infection in Women from Odisha,
India. PLoS ONE 2015, 10, e0130777. [CrossRef] [PubMed]

19. Shaw, K.N.; Gorelick, M.; McGowan, K.L.; Yakscoe, N.M.; Schwartz, J.S. Prevalence of urinary tract infection
in febrile young children in the emergency department. Pediatrics 1998, 102, 16. [CrossRef] [PubMed]

20. Lavelle, J.M.; Blackstone, M.M.; Funari, M.K.; Roper, C.; López, P.; Schast, A.; Taylor, A.M.; Voorhis, C.B.;
Henien, M.; Shaw, K.N. Two-Step Process for ED UTI Screening in Febrile Young Children: Reducing
Catheterization Rates. Pediatrics 2016, 138. [CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1371/journal.pone.0130777
http://www.ncbi.nlm.nih.gov/pubmed/26125184
http://dx.doi.org/10.1542/peds.102.2.e16
http://www.ncbi.nlm.nih.gov/pubmed/9685461
http://dx.doi.org/10.1542/peds.2015-3023
http://www.ncbi.nlm.nih.gov/pubmed/27255151
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Experimental Section 
	Study Setting 
	Study Sample 
	Definitions 
	Outcomes 
	Data Collection 
	Data Analysis 

	Results 
	Discussion 
	Conclusions 
	References

