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Chlamydia trachomatis (CT) is the most commonly reported notifiable sexually transmitted disease (STD) in the United States (1).  In women, chlamydia can result in serious sequelae, such as pelvic inflammatory disease (PID), chronic pelvic pain, tubal factor infertility, and ectopic pregnancy (1-3).  In men, chlamydial infection can cause epididymitis, an inflammation of the epididymis, which in complicated cases can lead to scrotal abscess, testicular infarction, and infertility (1, 4).  As a part of Healthy People 2020, the U.S. Department of Health and Human Services has defined a nationwide objective to reduce the number of adolescents infected with CT (5).  In an effort to reduce the public health burden of CT in adolescents, school-based screening has been initiated in cities across the country. A critical review of studies reporting the results of CT screening initiatives in schools and other non-traditional settings was published in 2005 (6).  Since that time, additional studies have been published reporting results of new and existing school-based screening initiatives.  The purpose of this literature review is to critically assess the effectiveness of school-based chlamydia screening programs, as measured by recruitment of high-school aged males and females for screening, the detection chlamydial infection, and reinfection/rescreening rates.  The majority of the studies available for review are cross-sectional prevalence reports of the screening uptake and CT prevalence detected in specific programs or specific SBHCs over different periods of time.  This makes comparison of the effectiveness of programs and SBHCs difficult.  SBHC screening had a lower average screening uptake then did school-based programs, though only one study reviewed provided screening coverage information for SBHCs.  This study saw screening uptake ranging from 17%-56% in SBHCs, while the screening uptake in school-based programs ranged from 30.9%- 47.6% (7-9).  All school-based programs had a larger screening uptake in males relative to females.  All urban screening programs showed higher rates of CT positivity in females versus males, despite males having a higher screening uptake.  In the two, reinfection studies evaluated, reinfection rates were high, ranging from 13.6% in a SBHC to 26.3% in a school-based program.  Strengths and limitations of all reviewed studies are reported, as well as directions for future research.Catherine Haggerty, M.P.H., Ph.D.
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[bookmark: _Toc217016791]Introduction
Chlamydia trachomatis (CT) is the most commonly reported notifiable sexually transmitted disease (STD) in the United States (1).  In women, chlamydia can result in serious sequelae, such as pelvic inflammatory disease (PID), chronic pelvic pain, tubal factor infertility, and ectopic pregnancy (1-3).  PID is an inflammation of the uterus, fallopian tubes, and ovaries (3).  Symptoms range from non-existent to severe, and can include fever, pelvic pain, and abnormal vaginal discharge (10).  PID will affect 8% of US women in their lifetime (3).  In men, chlamydial infection can cause epididymitis, an inflammation of the epididymis, the tube connecting the testicle to the vas deferens (1, 4).  In complicated cases, epididymitis can lead to scrotal abscess, testicular infarction, and infertility (1, 4).   In 2009, 1,244,180 CT cases were reported in the US, with an estimated 2.8 million remaining undetected (1).  Yearly, approximately $701 million is spent covering the direct medical costs of CT and CT-related infertility (1).
Adolescents and young adults carry the largest burden of CT in the United States.  The Centers for Disease Control and Prevention (CDC) estimate CT prevalence in 14-19 year old sexually active females at 6.8% (2).  In 2010, the highest rates of chlamydia were reported among 15-19 and 20-24 year old women (3,378.2 cases and 3,407.9 cases per 100,000, respectively) (2).  For males, CT rates were highest among those aged 20-24 years at 1,187.0 cases per 100,000 individuals (2).  CT rates also vary substantially by race/ethnicity.  African-American (AA) women had the highest rates of CT relative to whites, American Indians/Alaska Natives, and Hispanics in 2010 (1,167.5 cases per 100,000 versus 138.7, 592.8, and 369.6 cases per 100,000, respectively) (2).
Infection with CT is usually asymptomatic.  Because most infections are asymptomatic and the consequences of untreated infections can be severe, especially in women, the CDC currently recommend screening of all sexually active women aged 25 years or younger, as well as older women with risk factors such as new or multiple sexual partners (11).  Currently, the routine screening of sexually active men is recommended only in clinical settings with high CT prevalence, such as adolescent clinics and correctional facilities (11).  Despite clear recommendations, current evidence suggests that young women are not being screened as is recommended (12).  The National Survey of Family Growth’s 2006-2008 cycle found that 38% of sexually active women aged 15-25 reported a chlamydia test in the past year, substantially fewer than should be tested based on current guidelines (12).  Chlamydia screening and effective follow-up treatment are essential to preventing the spread of chlamydia and the development of chlamydia-related sequelae (13).  
Clinical testing for CT has never been easier.  Nucleic acid amplification tests (NAATs) are extremely sensitive and can be run using urine samples, which can be easily and quickly collected with minimal discomfort to those being screened (1).  Urine chlamydia testing has been shown to be the preferred screening method of both young men and young women (14, 15).  The U.S. Preventive Services Task Force recommends CT screening to reduce the incidence of PID (13).
The U.S. Department of Health and Human Services has defined the need to reduce the number of adolescents and young adults with CT as a Healthy People 2020 objective (5).  Healthy People 2020 defines a separate objective to specifically reduce the rate of chlamydia infection in females 15-44 years of age (5).  In the past 20 years, high schools, particularly in urban areas, have been targeted as sites for chlamydia screening (7-9, 16-34).  These sites offer unique access to a relatively contained, well-defined population of adolescents, making large-scale screening, treatment, rescreening, and partner treatment theoretically more feasible and effective.  These sites also afford the opportunity to provide STD-prevention education in conjunction with screening services.
A critical review of studies reporting the results of CT screening initiatives in schools and other non-traditional settings was published in 2005 (6).  Since that time, additional studies have been published reporting results of new and existing school-based screening initiatives.  The purpose of this literature review is to critically assess the effectiveness of school-based chlamydia screening programs, as measured by recruitment of high-school aged males and females for screening, the detection chlamydial infection, the provision of treatment/partner treatment, and reinfection rates.  Strengths and limitations of all reviewed studies are reported, as well as directions for future research.
[bookmark: _Toc342911693][bookmark: _Toc217016792]Methods
A search of the literature was conducted without date restrictions using SCOPUS and PubMed databases. The queries “Chlamydia AND schools AND screening” and “sexually transmitted AND schools AND screening” were run through both databases, producing 389 unique citations.  Articles were then limited to original research studies of school-based screening taking place in the United States, thus excluding any article based on screening programs outside the US, as well as literature reviews, commentaries, and editorial notes.  Articles published prior to 2005 were excluded based on the timing of the last published literature review of school-based screening and screening in non-traditional settings (6).  The remaining citations were reviewed for duplication and relevancy to this review.  Relevant articles are those that analyze the effectiveness of CT screening of adolescents in high schools by recruitment, prevalence within adolescent populations screened in middle or high schools, reinfection rates, and availability of treatment. Of these, 10 were determined to be most relevant and are included in this review.  
Four reviewed studies are cross-sectional reports of school-based programs operating without school-based health centers (SBHCs) (Table 3) (7, 8, 16, 17).  Two studies are cross-sectional reports of the results of screening within SBHCs (Table 2) (9, 19).  One study reviews the results of an STD screening program implemented independent of SBHCs and compares this to screening within SBHCs in the same schools (Table 3) (23).  Three are retrospective cohort studies determining reinfection rates (Table 4)(21, 22, 35).  One of these reviews a program operating in a SBHC (21).  Another reviews data from a school-based program, and the last reviews data from a SBHC (22, 35).  Information on the design of each study, including time period, setting, source population, and outcomes investigated can be found in Table 1.
	Citation
	Study Design
Study Period
	Setting
	Source Population
	Outcomes Investigated

	Asbel et al. 2006
	Cross-sectional
January 6, 2003-June 2003
	Philadelphia public high schools, including neighborhood, vocational, alternative disciplinary, magnet, and special admission schools
	Students enrolled in Philadelphia public high schools
	CT/GC percent screened, percent positivity, associations between demographic data and CT/GC positivity

	Nsuami et al. 2006
	Cross-sectional
2002-2003 and 2003-2004 school years
	Two Louisiana high schools
	Male and female students grades 9-12, aged 14-22, registered to use their school’s SBHC
	Proportion of students screened in screening program who reported also being tested or treated for an STD in their SBHC in the three months prior to program screening. 

	Burns et al. 2007
	Cross-sectional
2002-2003 and 2003-2004 academic years
	2 high school SBHC in Massachusetts
	Females SBHC patients seeking urine pregnancy testing
	Percent positivity in women screened for CT.

	Barry et al. 2008
	Cross-sectional

May 2007- 5-day screening window
	Two San Francisco area high schools in neighborhoods with high adolescent CT/GC rates and >=15% black student population
	Males and females enrolled at selected high schools during 5-day screening window
	Percent screened among those attending education session.  
Percent CT/GC positivity among those screened by age, gender, race/ethnicity

	Gaydos et al. 2008
	Retrospective cohort
1996-2003
	8 high schools and 3 middle schools in Baltimore, MD.
	Female students identifying as sexually active
	Rates of CT reinfection in students tested >1 time within a year by year, age, and school site.

	Joffe et al. 2008
	Cross-sectional
October 1, 1999-January 31, 2003
	7 high school SBHC in Baltimore, MD(continued)

6 middle school SBHC and 8 high school SBHC in Denver, CO
	Asymptomatic males who report being sexually active, ages 11-20
	Percent screened for CT
Percent CT positivity among those screened
Association between CT positivity and behavioral/demographic variables

	Anshuetz et al. 2009
	Retrospective cohort
2002-2006
	69 of 71 Philadelphia public high schools
	Males and females <21 years old who reside in Philadelphia county
	Primary: Rates of CT/GC infection over multiple school years by age, race/ethnicity, school type, and gender.
Secondary: Rates of CT/GC reinfection within one school year.

	Alicea-Alverez et al. 2011
	Cross-sectional
April 2009, two non-consecutive days
	Rural Pennsylvania high school
	Female adolescent students grades 10-12
	Percent positivity for CT among those screened

	Han et al. 2011
	Cross-sectional
2006-2007, 2007-2008, 2008-2009 school years
	244 New York City high schools
	Males and females, ages 14-19 years.
	CT/GC percent positivity among those screened by sex, school year, age, race/ethnicity
Percent screened for CT/GC among those educated about screening by gender, sexual activity, age, and race/ethnicity

	Low et al. 2012
	Retrospective cohort
1995-2005
	13 New Orleans public high schools

	Males and females attending one of 13 participating schools
	Percent screened for CT by number of years registered at school and by number of years with parental consent
Associations between CT positivity, school registration, gender, and reported sexual history.


(continued)


Table 1: School-based CT screening study designs 


[bookmark: _Toc342911694][bookmark: _Toc217016793]Results
[bookmark: _Toc342911695][bookmark: _Toc217016794]Screening Coverage
[bookmark: _Toc342911696][bookmark: _Toc217016795]Screening coverage in SBHCs
Two studies provide quantitative data on the screening in school-based health centers (9, 19).  The results of these studies are detailed in Table 2.  Burns et al. reviewed the results of a protocol initiated by the Massachusetts Division of Sexually Transmitted Disease Prevention that introduced urine CT screening to three high school-based health centers (19).  Joffe et al. focused on the screening of adolescent males in the Baltimore and Denver area middle and high schools (9). 
Burns et al. report the initiation of urine CT testing in three Massachusetts high schools (19).  Student enrollment at these high schools ranged from 982-1,843 individuals: 28-38% of these students identified as African-American, 30%-58% as Hispanic, and 13-40% as White (19).  The report does not include information on the number of students screened overall or at each school, though screening was only offered to females seeking urine pregnancy testing (19).




[bookmark: _Ref342911002][bookmark: _Toc342911139]Table 2: CT screening at school-based health centers
	Citation
	Educational component?
	CT screening uptake
_______________
Parental consent required?
	CT prevalence detected
_______________
Treatment provision?
	Measures of association/significance
	Strengths
___________________
Limitations

	Burns et al. 2007
	Counseling provided on safe sex practices, pregnancy options, and when to return for results
	Not Reported
_______________
No parental consent required
	~15% positive
____________
No mention of treatment

	None
	-Safe sex counseling provided
-Intervention targeted at sexually active young women in high risk group 
_________________
-Did not report number of charts reviewed, number of women screened, treatment provision

	Joffe et al. 2008
	No educational component reported
	Baltimore n=1090, 56% of eligible men approached 
91.5% AA
4.3% report hx of STD
89.8% report condom use with last casual partner

Denver n=334, 17% of eligible men approached
45% Latino
30.5% AA
18% white
5.3% report hx of STD
66.7% report condom use with last casual partner

N=1434 screened

	Overall = 6.8, no significant difference in overall % positivity between cities

For both sites combined:
Age (years)  
14: 1.9
15: 4.0
16: 7.6
17: 10.0
18: 9.6
19: 13.6
20: 12.5

Race   
AA: 7.5
Not AA: 4.5
_________________
Treatment not reported
	CT positivity significantly (p<0.05) associated with:

Combined AOR (95%CI)
Age >16 (<16 referent) 
AOR=1.34 (1.11-1.62)
AA (not AA referent)
AOR=2.37(1.21, 4.63)

Denver OR (95% CI), relative to no condom use with last main or casual partner
Condom use with last “main” partner= 0.30 (0.10-0.91)
Condom use with last “casual” partner= 0.15 (0.03-0.78)

Baltimore OR (95% CI)
Age<16  referent
Age >16 = 1.47 (1.23-1.75)
	-Examined asymptomatic men to determine potential of SBHC to screen
-Compared two cities
-Used OR to associate positivity with risk factors
____________________
-Cities were considerably different by race/ethnicity, number of participating schools, and numbers screened.
-Cross-sectional data limits evaluation of program over time and determination of causal associations between risk factors and CT infection
-No report of treatment



Coverage reported by Joffe et al. ranged from 17% of asymptomatic men approached in Denver to 56% of asymptomatic men approached in Baltimore from October 1, 1999, until January 31, 2003 (9).  In Denver, 344 men were screened in middle and high school health centers, while in Baltimore, 1090 men were screened (9).  Parental consent was required for the use of SBHC services in Baltimore, but not participation in screening (9).  Men screened in both cities ranged in age from 11-21 years (9).  In Baltimore, 91.5% identified as black, while the Denver cohort had a more diverse racial/ethnic composition: 45% Latino, 30.5% African-American, and 18% white male students (9).  Reported history of a prior STD was low in both cohorts (4.3% in Baltimore and 5.3% in Denver) (9).  Among those tested, the percentage screened in each city differed most greatly on the basis of condom usage; 89.8% of men in Baltimore versus 66.7% of men in Denver reported using a condom with their last casual partner (9).  
[bookmark: _Toc342911697][bookmark: _Toc217016796]Screening coverage of school-based programs
	Five studies directly addressed the screening coverage of their respective programs (7, 8, 16, 17, 23).  Screening coverage results of these studies are summarized in Table 3.  Three programs were located in urban high school settings in San Francisco, Philadelphia (Philadelphia High School STD Screening Program, PHSSSP), and New York City (STD Testing and Education Program for Urban Populations, STEP-UP) (8, 16, 17).  One took place in an unspecified rural Pennsylvania (PA) high school (7).  Finally, the last examines the relationship between screening and positivity within a program implemented alongside SBHCs operating in two Louisiana high schools (23).  

	Citation
	Educational Component
	Screening Uptake
_______________
Parental Consent required?
	Percent Positive among those screened
_______________
Treatment provision?
	Measures of association/significance
	Strengths
Limitations

	Asbel et al. 2006
	Required for screening
	19,394 students aged 12-20 years

Female: n=9406
Male: n=9988
_______________
Parental consent not required
	Total Female: 8.1
Total Male: 2.5
Age Female  Male
12    0.0      0
13    20.8  1.9
14    5.4     0.5
15    7.8     1.6
16    9.2     2.8
17    8.9     3.5
18    9.1     4.2
19    3.7     5.0
20    3.7     5.3


Race/Ethnicity
Asian/PI  0.3
AA              3.4
Hispanic   1.1
Other         2.3
White        0.1
In-school treatment provided for those testing positive and partners
	Prevalence ratios for chlamydial infections
Females
Age (yr) PR (95% CI)
12-14  referent
15-17  1.5 (1.2-1.9)
18-20  1.5 (1.1-1.9)

Race PR (95% CI)
White   referent
Asian/PI  1.3 (0.7-2.2)
AA    4.4 (3.1-6.2)
Hispanic  1.5  (0.9-2.5)
Other  3.5 (2.3-5.4)

Males
Age (yr)
12-14  referent
15-17  8.1 (3.9-17.2)
18-20  4.8 (2.4-9.7)

Race/Ethnicity
White   referent
Asian/PI  2.2 (0.3-15.8)
AA    24.4 (6.1-98.0)
Hispanic  8.0  (1.8-35.8)
Other  16.0 (3.6-70.1)

Those residing in geographic areas with higher CT morbidity rates had higher prevalence of CT relative to those in areas of lower morbidity, based on 2002 CT morbidity data from an non-cited source.

For both males and females, those attending “alternative disciplinary” schools had higher prevalence of CT relative to other school types.
	- Compared infection prevalence between ages, race/ethnicity, school type, and whether student resides in high risk area, defined as a geographic care with high CT morbidity
- Large sample size
- Educational and treatment components included and reported on
- Effort made to limit embarrassment associated with testing – all students escorted to bathroom and turn in bag with urine cup, regardless of whether they provide a urine specimen.
- Did not report statistical significance of demographic comparisons by positivity status
- Cross-sectional design limits ability to understand temporal relationship between risk factors and CT infection
- Inclusion of sexually inexperienced students likely caused underestimate of true CT prevalence
- No risk behavior or symptom data collected(continued)


	Nsuami et al. 2006
	Unknown
	487 students screened in the program who also had visited their SBHC in the prior 3 months
Parental consent required for screening.
	13.3% of 487 students tested positive for CT/GC or both.

81.5% of those testing positive in the screening program were NOT screened at their prior SBHC visit

9.8% of students screened in the program reported being tested or treated for an STD in the SBHC in the three months prior.
Unknown

	 None reported
	- Demonstrated that many CT/GC infections could have been screened for in the SBHC
- Did not attempt to determine if a significant number of infections were missed
- Relied on survey of students to determine their last visit to the SBHC, likely introducing recall bias
- Screening at the SBHC may have decreased due to the availability of the screening program

	Barry et al. 2008
	Educational component 
	967 students enrolled
    114 absentees during     educational session

853 students eligible for screening

N=537 screened (63% participation, 55.5% of school enrollment)
    2% declined screening
    35% did not return  specimen
    
% Participation (screened/attended educational session) by:
    Age
    14-15  40
    16        60.3
    17        61.3
    19        73.0(continued)

    >=19   53.7

    Race/Ethnicity
    Asian/PI           58.9
    AA                     74.2
    Hispanic           79.6
    White                100
    Other/refused 14
_____________________
Parents could opt their child out of the education portion, but not screening
	Total female= 2.2
Total male= 0.6
Gender unknown=1.1

Age (years)
14-15  0
16        0
17        0.4 
19        3.1
>=19   3.4

Race/Ethnicity
Asian/PI         0.3
Hispanic        2.0
AA                 5.4
White             0.0
Other/refused 0.0
All positive students were treated and given treatment to give to their partners.
	None reported
	- Stratified recruitment and positivity by age, race/ethnicity.
- Targeted screening to schools in neighborhoods with higher STD rates
- Did not provide information about risk behaviors
- Did not determine statistical differences between screening/positivity by race/ethnicity or age


	Alicea-Alverez et al. 2011
	Educational component included.
	165 students eligible
56 returned parental consents

N=51 submitted urine samples
90% non-hispanic white
8% non-hispanic AA
1% Asian

Mean age of participants = 15.2 years
Parental consent required for screening.
	Overall = 3.925
Information given about treatment and places to obtain treatment

	None reported.
	- Monetary prize raffled to participating students
- CT educational session provided to any student or teacher interested
_____________________
- Reported CT prevalence as “incidence rate”
- Parental consent required
- Authors reported 2007 PA CT “incidence rates” for girls 15-19 years; however, it is unclear if this statistic is mislabeled and is truly prevalence.
- Small, homogeneous sample size 
- Females only
- Treatment not provided on site

	Han et al. 2011
	
	From July 2006-June 2009:
Students educated=57,418 
Students screened=27,353
47.6% of those educated were screened
50.1% of those screened were male
49.9% of those screened were female
Passive parental opt-out: If students return signed opt-out form from parents, they cannot participate in any part of the program.
	CT/GC positivity higher in females than in males (3.8% versus 8.9%)

Positivity increases with increasing age in both males and females:
2.9% (14yr) – 8.5% (>19yr)

AA, NH males and females had the highest CT/GC % positivity: 8.3%
States that the STEP-UP program contains a treatment component
	Multivariate analysis  of predictors of CT/GC screening, 2008-2009:

Gender        AOR (95% CI)
Male            1.33 (1.25-1.42)
Female         Referent

Sexual Activity  AOR (95% CI)
Yes                    5.18 (4.83-5.56)
No                      Referent
No response      2.89 (2.64-3.17)

Age         AOR (95% CI)
<14          0.06 (0.05-0.07)
14            0.85 (0.77-0.94)
15            0.84 (0.77-0.92)
16          Referent
17          1.03 (0.94-1.13)
18          1.19 (1.06-1.34)
19          1.20 (1.00-1.45)
>19        1.61 (1.21-2.15)

Race/ethnicity    AOR (95%CI)
AA/NH            Referent
White, NH       0.49 (0.39-0.62)  
Asian, NH        0.72 (0.60-0.88) 
AI/AN/NH      1.35 (0.94-1.93) 
Hispanic          1.09 (1.02-1.17) 
Unknown        0.16 (0.13-0.20) 
Other               1.29 (1.12-1.50) 

Among all those testing positive, there was a significant difference between responses to the sexual activity questionnaire (chi-square test, p<0.01).
	- Stratified screening/positivity data by gender, age, race/ethnicity and school year tested.
- Measured associations between screening/positivity and risk behaviors/demographics
- Screening intervention targeted to areas with high adolescent CT
- Sexual activity data is self-reported
- Cross-sectional study design prevents determination of the temporal relationship between risk behaviors and screening/infection


(continued)

Table 3: CT screening in school-based programs


	The three urban programs, NYC’s STEP-UP, Philadelphia’s PHSSSP, and the San Francisco program contained educational components that were required prior to screening (8, 16, 17).  All three programs simultaneously screened for gonorrhea (GC) and chlamydia.  Parental consent was not required for an adolescent to receive STI testing in NYC, but STEP-UP uses a passive, parental opt-out consent process by which parents could return to schools forms requesting that their child not attend the education session or be screened through the program (8).  In San Francisco, parents could also opt their children out of the education session, but could not legally forbid their participation in screening (17). The PHSSSP does not require parental consent for any part of its program (16).   Parental consent was required to be screened in the rural PA program (7).  Both STEP-UP and the program in San Francisco are targeted to areas of high adolescent chlamydia rates (8, 17). The results of these studies can be found in Table 3.  
From July 2006 to June 2009, STEP-UP educated 57,418 students about sexually transmitted infections and screened 47.6% for CT/GC (8).  In the 2008-2009, the program also collected survey data on the sexual activity of those screened (8). The authors found that the odds of self-reporting sexual activity or not responding to that question were significantly associated with participation in screening relative to those reporting no history of sexual activity (AOR 5.18, 95%CI 4.83-5.56 and AOR 2.89, 95%CI 2.64-3.17, respectively) (8).
Of the 55,832 students enrolled for the 2002-2003 school year, PHSSSP screened 19,394 individuals for CT/GC (16).  This amounts to 34.7% screening coverage across the PHSSSP-participating high schools (16).  However, only 30,000 of 55,832 students (53.7%) attended the educational sessions required prior to testing (16).  Sixty-five percent of the 30,000 students who attended their STD education session were screened for CT/GC (16).  During its five-day testing interval, the San Francisco program screened 853 of 967 eligible students, for a screening coverage of 88% (17).  All three urban programs screened more males than females, and percentage of individuals screened increased with student age (8, 16, 17).   By race/ethnicity, the majority of those screened in the PHSSSP and STEP-UP identified as African-American, while most of those screened in San Francisco identified as Asian/Pacific Islander (Table 3) (8, 16, 17).
Nsuami et al. explored the relationship between STD-related health services provided in two Louisiana SBHCs and the utilization of these services in an attempt to quantify what they termed as “missed opportunities” for CT/GC screening (23).  To do so, they compared the survey results of a group of men who participated in an STD screening program run in these schools (independent of the SBHCs) in the 2002-2003 and 2003-2004 school years (23).  This program screened 855 students, 88 of whom were screened in both school years (23).  Total school enrollment or number of students eligible for screening was not reported (23).  Of the 855 screened, 666 students were registered at their SBHC, and 487 of these had completed a routine visit at their SBHC at least once in the three months prior to being screened in the program (23). Of the 487 students, 9.8% (47 of 482 students, data missing for five students) reported testing or treatment for an STD in the SBHC in the three months prior to the screening program (23).  The majority of those screened (99.2%) identified as black and 49.1% were male (23).  
Alicea-Alvarez et al. report on a program piloted in a rural Pennsylvania high school (7).  Through this program, any female student or teacher was able to attend a 20-minute CT education presentation (7).  One hundred and sixty-five female students were eligible to participate (7).  Fifty-six of these returned the parental consent form required for screening (which indicated that parents would be notified of positive results), and 51 (30.9% of those eligible) submitted urine samples for testing (7). Ninety percent of participants identified as non-Hispanic white, with the remaining students identifying as non-Hispanic black or Asian (7).  

[bookmark: _Toc342911698][bookmark: _Toc217016797]Detected Prevalence of CT Infections
[bookmark: _Toc342911699][bookmark: _Toc217016798]Prevalence of CT detected in SBHCs
Burns et al. reported 15% positivity in their population of females seeking pregnancy testing in a Massachusetts SBHC, though the authors provided no information on student ages (19).  Percent positivity was 6.8% combined for the cities of Denver and Baltimore (9).  In Baltimore and Denver combined, percent positivity for CT increased with increasing age (range 1.9%-13.6%), and was highest in those ≥ 16 years old (10.1%) (9).
Joffe et al. performed a multivariate analysis to determine the association between demographics/risk behaviors and CT positivity (9).  CT positivity was significantly associated with African American race (AOR 2.37, 95%CI 1.21-4.63) and being aged > 16 years (AOR 1.34, 95%CI 1.11-1.62) after adjusting for age, race, condom use, history of an STD, and history of partners (9).  In Denver alone, CT positivity was associated with decreased likelihood condom use with last “main” or “casual” partner (OR 0.30, 95%CI 0.10-0.91 and OR 0.15, 95%CI 0.03-0.78, respectively) (9).  In Baltimore, CT positive adolescents were more likely to be older than 16 years (OR 1.47, 95%CI 1.23-1.75) (9).
[bookmark: _Toc342911700][bookmark: _Toc217016799]Prevalence of CT detected in school-based programs
In the STEP-UP program, CT and/or GC prevalence was 6.3% of those screened; most were positive for CT alone (93.4%) (8).  Ninety-six percent of those testing positive for either or both STIs were treated (8).  Positivity in females was higher than in males throughout the program (8.9% versus 3.8%, respectively) (8).  Greater positivity in adolescent females relative to males is not unexpected, however, given that the cervix shows increased ectopy throughout the adolescence, making it more susceptible to CT/GC infection (36).  Percent positivity increased with age in both sexes (8).  Non-hispanic African-American males and females had the highest percent positivity (5.1% and 11.4%, respectively) (8).  Statistically significant differences in positivity were found between those who reported being sexually active (7.2% positive), not being sexually active (1.4% positive), or not responding to the question (6.1% positive) (p<0.01) (8).
Table 3 details the percent positivity findings from Barry et al.’s report on the San Francisco program (17).  The San Francisco program had an overall percent positivity of 1.3% (17).  Positivity in females was more than double that of males, and all those who tested positive were aged 17 through >=19 years (17).  Despite comprising a smaller portion of students being screened, those identifying as African-American had the highest percent positivity by race/ethnicity (5.4%) (17).  The authors did not perform statistical analyses on their results and did not collect data on risk behaviors.  All students who tested positive were treated and provided treatment to give to their partners (17).
PHSSSP chlamydial positivity (Table 3) was 8.1% for females and 2.5% for males, and 5.2% overall (16).  The authors calculated prevalence ratios to determine associations between the demographics of those screened and percent positivity (16).  These prevalence ratios are unadjusted and were not tested for statistical significance (16).  They found that being female and aged 15-20 years is associated with 1.5 times greater likelihood of CT positivity (16).  Students identifying as white had the lowest likelihood of CT infection, whereas those identifying as black had the highest (Table 3) (16). Those in alternative disciplinary schools had the highest prevalence ratios for both males and females relative to magnet schools (Table 3) (16).  For both males and females, those living in areas of Philadelphia with high CT prevalence had the highest prevalence ratio relative to those students living in areas of lower prevalence (Table 3) (16).  Ninety-nine percent of those tested positive were treated, the majority at in-school treatment sessions (16).
Two students (3.925%) of those tested in the rural PA program were positive for CT (7).  Information was given to these students about how and where to obtain treatment, but no confirmation of treatment is reported.
Nsuami et al. reported overall positivity of 13.3%, 81.5% of which were not screened at their SBHC visit in the three months prior to the screening program (23).  Treatment of those testing positive was not reported.

[bookmark: _Toc342911701][bookmark: _Toc217016800]reinfection/rescreening rate in SBHCS and school-based programs
Three studies sought to evaluate the effectiveness of CT screening in schools over time by calculating rates of reinfection and rescreening over several years of testing (21, 22, 35).  One of these studies assessed female reinfection detected at SBHCs in eight high schools and three middle schools in Baltimore, MD between 1996 and 2003 (21).  Another study evaluated combined CT/GC reinfection, as well as the risk markers associated with infection and reinfection, in the PHSSSP from 2002-2006 (35).  Lastly, Low et al. evaluated rescreening rates in a screening program operating in 13 New Orleans, Louisiana, schools (22).
In the Baltimore schools analyzed, Gaydos et al. found a 26.3% (95%CI 23.4-29.2%) cumulative incidence of reinfection within one year following an initial positive test (21).  The authors defined reinfection as a second positive test result between 30 and 365 days from the first positive test; however, they do not make clear whether all of those who are classified as “reinfected” were successfully treated after their initial positive, thus raising questions about whether the SBHC is detecting persistent infections rather than true reinfections (21). “Young age” when first testing positive for CT was also significantly (p<0.01) associated with increased risk of reinfection (21).  Again, the authors do not define “young age” in reporting their results, nor do they present which reinfection rates they compared in determining this significant difference—they state only that a chi-square test was used (21).
In the PHSSSP, Anschuetz et al. found that from 2002-2006 13.6% of students with an initial positive test result were reinfected in the same year (35).  The unadjusted rate of CT/GC infection was 6.0 cases per 100 person-years in females and 2.4 cases per 100 person-years in males (35). Partner treatment status was the only risk factor analyzed that remained significantly associated with reinfection in a multivariate analysis (p=0.05) (35).  The association between partner treatment status and reinfection in males was not significant (OR 1.2, 95%CI 0.3-5.72); however, reinfection within one year of initial positive result was associated with increased likelihood of being a female a partner who could not be located for treatment (OR 2.5, 95%CI 1.3-4.7) (35).
Low et al. examined rescreening rates among students participating in a school-based screening program over the course of 10 years (22).  They report that among students who were registered in school for four years, 12.7% of males and 10.6% of females were screened in the program every year (22).   When evaluating those with parental consent for screening over four years, these rescreening rates increased to 49.3% in women and 59.3% in men (22).  Low et al. also reported the age-adjusted odds ratios of participation in CT screening several screening determinants: prior reports of sexual activity, school registration, and previous CT test results (22).  These results are detailed in Table 4.  Notably, women who tested positive were less likely to be tested again when compared to women who had previously tested negative for CT (AOR 0.77, 95% CI 0.67-0.88) (22).  This association was not significant for men.  Having not previously been tested for CT was significantly associated with a decreased likelihood of participation in subsequent screening for both men and women (AOR 0.39, 95% CI 0.36-0.41 and AOR 0.42, 95% CI 0.40-0.45, respectively) (22).  Relative to students reporting never having sex or not having sex in the prior three months, students with one or more partners were more likely to participate in subsequent rounds of CT testing (22). 



	Citation
	Number analyzed
	Results
	Strengths
____________________

Limitations

	Gaydos et al. 2008
	10,609 females screened, each female counted once per year

7463 unique females tested

The number of females screened increased from 512 in 1996 to 2068 in 2003.  In 2004, number screened dropped to 1922.


	Of the 10,609 females, overall prevalence was 18.1% (95% CI 17.4-18.8%) over entire study period.

Of those positive, 46.7% (no CI given) were rescreened within 30-365 days.

Of those rescreened, 26.3% (95%CI 23.4-29.2%) were reinfected within 1 year.

Of those reinfected, 57.2% tested positive on their first test after the initial positive.  42.8% tested negative between their initial positive test and reinfection.

Reinfection rates over the course of the study ranged from 17.6%-34.2%.  

Reinfection rates decreased with increasing age from 12-13 years through 18 years.

Females under the age of 13 had the highest rate of reinfection, 38.9% (95%CI 23.0-54.8%).

Reinfection rates were site specific and ranged from 14.3%-38.9% across 12 sites.

Authors state that “Young age at first infection was significantly associated with increased risk of subsequent infection (p<0.01),” but do not define “young age” or the comparator group.
	- Large sample size
- Evaluation of screening effectiveness over time
- Did not report risk behavior data
- Analysis limited to those who were positive once and then re-screened, i.e. not all individuals that had initial positive tests were rescreened
- Cohort composition changes as students leave and new students enter school
- Incidence of reinfection is limited to students who tested positive and then were retested; thus it is likely an overestimation of the true rate of reinfection
- Students who were retested presented for their second test voluntarily, making it more likely that they were rescreened because they were experiencing symptoms, resulting in overestimation of the reinfection rate.

	Anshuetz et al. 2009
	Primary: 19,307 paired tests from 14,862 students

Secondary: 576 students

N=30,000 eligible for screening yearly (55% of enrollees)

Individuals tested 2002-2006=49,872
	Primary Outcome:
Baseline positive result significantly increased hazard of endpoint positive result for both genders relative to those negative at baseline(p<0.01):
Males: aHR 8.7 (5.5-13.8)
Females aHR 3.3 (2.5-4.2)

For males and females, being non-hispanic AA is significantly carries significantly higher hazard of CT/GC infection relative to all other races (p<0.01):
Males: aHR 2.1 (1.4-3.1)
Females: aHR 1.7 (1.4-2.2)
(continued)

For males and females, attending NEI/CIT or alternative school at endpoint is significantly associated with increased hazard of CT/GC infection relative to those attending magnet schools (p<0.01)
Males: 
NEI/CIT aHR 2.3 (1.4-3.6)
Alternative aHR 4.6 (2.3-9.2)
Females: 
NEI/CIT aHR 1.5 (1.2-1.8)
Alternative aHR 2.5 (1.5-4.0)

For females only, those aged 16-17yr and 18-20yr at endpoint had significantly decreased hazard of CT/GC infection relative to those ages 12-15yrs (p<0.01):
16-17 yr: aHR 0.6 (0.5-0.7)
18-20 yr: aHR 0.4 (0.3-0.6)

Secondary outcome:
Partner treatment status was the only variable still significantly associated with same year reinfection in multivariate analysis (p<0.05)

Females reinfected in the same year had significantly greater odds of having no named partners treated (OR 2.5, 95%CI 1.3-4.7, p<0.01)
	- STD education provided prior to screening
- Effort made to limit embarrassment associated with testing – all students escorted to bathroom and turn in bag with cup, regardless of whether they provide a urine specimen.
- Treated within ~1 week by clinician returning to school
- In 2003-04, PDPH staff actively contact positive students for retesting 3-4 mo after treatment
- Able to measure rates of CT/GC infection over study period
- Time to reinfection is likely overestimated because authors do not know exact dates students are infected
- Limited analysis to students reinfected within the same school year


	Low et al. 2012
	Total n of those registered in SBHC across all study years=35,041

	Overall CT positivity increased with time over study interval.

10.6% (95%CI 9.3-12.0%) of women, 12.7% (95%CI 11.2-14.2%) registered for 4 years were tested every year.

49.3% (95%CI 44.6-54.1%) of women, 59.3% (95% CI 54.5-64.0%) of men with parental consent for 4 years were screened yearly.

Associations with repeat participation in CT screening
                                                                  Age-adjusted OR (95% CI)
Students registered ≥ 2 years in school    Female               Male
CT - at prior screening                             Referent             Referent
CT + at prior screening                            0.77 (0.67-0.88) 0.84 (0.69-1.02)
Not previously tested                               0.42 (0.40-0.45) 0.39 (0.36-0.41)

                                                                  Age-adjusted OR (95% CI)
Reported sexual activity (‘00-‘01, ‘01-‘02) Female                Male
Never had sex                                           Referent              Referent
No partner in prior 3 months                    1.32 (1.06-1.66)  1.16 (0.90-1.38)
1 partner in prior 3 months                       1.75 (1.48-2.06)  1.94 (1.58-2.39)
≥2 partners in prior 3 months                   2.26 (1.65-3.10)  1.95 (1.59-2.39)
	- Investigated reinfection over time and rescreening over time as it related to gender, registration status and parental consent
- Reported associations between self-reported sexual activity data and CT screening participation
______________________
- Fewer students enrolled in schools over multiple years, though total number enrolled across all years was large
- Did not examine differences in reinfection and rescreening between different schools
- Sexual activity data was not available for every round of screening
- Sexual activity data only available for students screened, not all those registered at SBHC
- Sexual activity data was self-reported


(continued)


Table 4: CT reinfection and rescreening rates in SBHCS and school-based programs

[bookmark: _Toc342911702][bookmark: _Toc217016801]Discussion
[bookmark: _Toc342911703][bookmark: _Toc217016802]Screening coverage
SBHC screening had a lower average screening uptake then did school-based programs, though only one study reviewed provided screening coverage information for SBHCs.  Joffe et al. saw screening uptake of 17% and 56% in the Denver and Baltimore SBHCs evaluated, respectively, while the screening uptake in school-based programs ranged from 30.9% in rural PA to 47.6% in New York City’s STEP-UP program (7-9).  Screening in Denver and Baltimore targeted asymptomatic males presenting in SBHCs for well-adolescent exams, not solely for screening, and clinicians in these centers were aware that CT screening uptake in their centers was being monitored, making them more likely to offer screening (9).  This likely inflated the screening uptake seen by Joffe et al. relative to what is expected in clinics providing only usual care (9).  In general, specific time is designated to delivering education and screening within screening programs, such as PHSSSP and STEP-UP, while screening in SBHCs is available to students at any time.  Programs may, therefore, tend to have greater overall screening coverage due to the novelty of the program and the accompanying educational component serving as a screening reminder. However, given the relative dearth of articles evaluating screening in SBHCs, it is difficult to draw a decisive conclusion. 
All school-based programs had a larger screening uptake in males relative to females.  This is despite the fact that current CDC screening guidelines emphasize the testing of only adolescent females.  PHSSSP and the program in San Francisco had the highest screening uptake relative to STEP-UP, though this may be an artifact of STEP-UP having a much longer data collection interval (8, 16).  Indeed, this demonstrates the difficulty in comparing school-based program uptake across different studies; programs are evaluated at different intervals and using different criteria. 
Han et al. and Joffe et al. were the only authors to report risk behavior statistics as a part of their analysis of screening uptake (8, 9).  Knowing which behaviors are more likely to lead to CT screening, or even that those who need screening will often not respond to questions regarding sexual activity, can be important information in tailoring a program to meet the needs of its community.  If this program, for instance, had screened only those responding “Yes” to whether they were ever sexually active, it would have missed a substantial portion of those screened.
 Though they are low-cost and relatively easy to conduct, program screening prevalence studies are limited.  An evaluation of screening uptake in a school-based program and SBHC versus usual care needs to be conducted to determine if these programs are reaching adolescents that otherwise would have little to no opportunity for screening.  There are inherent difficulties in defining an appropriate comparator group for a study evaluating school-based screening versus usual care, or versus another screening program.  Usual care will differ based on the community where the school is located- is there an STI clinic in the area, or do adolescents mostly rely on screening from primary care or other health providers?  Ideally, screening rates in a school-based screening program or SBHC would be compared to screening rates in a population of adolescents from a demographically similar community.  However, obtaining information on screening rates in the comparator community would pose significant difficulty.  One approach would be to obtain access to the medical records of adolescents in the comparator population, though this would require parental consent and substantial labor given that each adolescent may obtain care from a different provider.  Another less costly approach would be to compare school-based screening uptake to a survey of adolescents from a similar community that asks these students when and how often they are screened for CT, though these surveys would likely suffer from substantial recall and misclassification bias. 

[bookmark: _Toc342911704][bookmark: _Toc217016803]Detected CT Prevalence
All urban programs showed higher rates of CT positivity in females versus males, despite males having a higher screening uptake (8, 16, 17).  This is consistent with the greater CT susceptibility of adolescent females due to increased cervical ectopy during sexual development (36). All of the school-based programs evaluated contained educational components delivered prior to screening, and those located in urban areas provided on-site treatment with high uptake (8, 16, 17).  These school-based programs were quite effective in both identifying and treating chlamydial infections; however, reports of re-screening over time are needed to evaluate the true effectiveness of these initiatives.  The study by Nsuami et al. provides interesting insight into how SBHCs may not be fully realizing their potential impact on the public health burden of CT in adolescents (23).  The findings by Nsuami et al. are reinforced by the observed difference in screening uptake in SBHCs versus school programs—screening coverage in Baltimore versus Denver SBHCs ranged between 17% and 56%, which may be an indication of variations in the screening recommendations and counseling provided by individual practitioners in these SBHCs (9, 23).  In order for SBHCs to fully realize their potential to detect CT infections, screening must be offered to all students seeking care.
Future research should focus on the effect school-based screening can have over time on CT prevalence and incidence of CT-associated sequelae in schools and communities.  This would represent a true measure of the impact these programs can have on the public health burden of CT infection in communities.  Furthermore, by collecting information regarding partner treatment and the risk behaviors of those who test positive for CT, screening initiatives in the future can be more effectively targeted to populations with the highest historical prevalence of CT. 
[bookmark: _Toc342911705][bookmark: _Toc217016804]Rescreening/Reinfection
Limited conclusions can be drawn from the available research on reinfection and rescreening rates in SBHC and school-based programs.  Though these three studies utilize a retrospective cohort design, they take place over different time periods, on different scales, and in different cities (21, 22, 35).  Clearly, reinfection rates in both the SBHC and the PHSSSP are high (21).  This fact highlights the need for aggressive pursuit of partners for treatment, as well as education about the hazards of reinfection.  This is further emphasized by the increased hazard of reinfection among females with untreated partners in the PHSSSP (35).  The PHSSSP does contain an educational component that is required prior to screening, while it is unclear whether screening in the Baltimore SBHCs is accompanied by an educational program or consistent STD risk and treatment counseling. The PHSSSP did show a lower overall reinfection rate than the Baltimore study, but the protocols of these two studies vary considerably and the lower reinfection rate cannot necessarily be attributed to the education requirement (9, 35). The report by Low et al. emphasizes the need for sustained outreach and recruitment efforts in order to maintain screening uptake over time (22).  
Future research should include a controlled trial of screening in SBHC or school programs versus usual care and compare CT incidence and reinfection rates over time.

[bookmark: _Toc342911706][bookmark: _Toc217016805]Conclusion
School-based screening has potential to eliminate or lower barriers to screening faced by young people, such as transportation to health care providers and access to treatment (9).  The studies reviewed here demonstrate that CT screening in SBHCs and school-based programs is feasible; a large number of adolescents can be screened and treated in such programs.  Schools offer easy access to treatment for both those who test positive and their partners, who are likely to be peers of those who test positive.  It is likely that these peers attend the same school, allowing school-based screening/treatment programs to disrupt of the CT chain of infection within these peer-to-peer sexual networks (37, 38).  However, assessment of the effectiveness of school-based chlamydia screening in the disruption of these networks and in decreasing the overall CT burden in schools and their communities is difficult, as the literature available is limited to mostly cross-sectional prevalence reports.
 While it is important to report that school-based screening is reaching a large number of students and is detecting infections, these results are of limited utility when assessing the overall success of school-based programs because they make no assessment of the changes in the rate of CT infection over time.  Also, while one can argue that detection and treatment of any chlamydial infection provides a net benefit to society and the individual, the impact of any individual screening program cannot be measured without comparison to screening uptake/CT incidence in a comparable population without access to school-based screening.  Furthermore, to screen and treat only one time is not an effective long-term control strategy in any population, especially if treatment of all of those infected and their partners is not guaranteed.  Maintenance of high uptake and low reinfection rates in school-based screening is an ongoing challenge for these programs and should be an aim for future program modification and research.
Future research should aim to evaluate the effectiveness of these school-based screening efforts over time, and to compare CT screening uptake and incidence in these populations to uptake and CT incidence in appropriate comparator populations.  Future research should also evaluate the feasibility and effectiveness of partner notification and treatment in both school-based programs and SBHCs, as at least one study found increased likelihood of reinfection associated with lack of partner treatment (16).  Lastly, qualitative research is needed to examine reasons for participation and non-participation in school-based screening as well as to gather feedback from students regarding the acceptability of these programs and ways they can improve (22).
At the program or SBHC level, these initiatives should attempt, whenever possible, to gather demographic and risk behavior information from the students they screen.  This can help programs and SBHCs to target their screening efforts towards the highest risk students.  Furthermore, efforts should focus on the integration of routine STI testing into the care given at SBHCs so that screening programs can be targeted to schools without SBHCs where screening services are not otherwise available (23).
This review has several limitations.  First, only literature published after 2004 was included in this review.  This decision was based on the publication of the last review of school-based screening literature.  The intention of this choice was to eliminate redundancy with the prior review by aggregating and critically evaluating only literature that had not yet been reviewed.  No original data was collected for this document, and thus its conclusions rely entirely on the designs and data quality of the included studies; however, this synthesis of available literature into a single evaluation allows researchers and policy makers to more efficiently examine the evidence of the effectiveness of school-based screening.  Lastly, this review does not include a meta-analysis.  A meta-analysis of the studies assessed here would be problematic because the methods and timing of data collection as well as overall data quality vary considerably between publications.
By planning future school-based CT screening research endeavors to include the evaluation of screening uptake, re-uptake, and CT incidence over time, researchers have the opportunity to strengthen the body of literature available regarding school-based CT screening and its effectiveness.  Longitudinal, prospective studies comparing school-based screening effectiveness to the effectiveness of screening available to adolescent populations without access to school-based screening is essential to the evaluation of whether these programs are having a meaningful impact on rates of adolescent CT screening, CT treatment, CT incidence, and subsequent incidence of CT sequelae.  Such evaluations are essential to inform debates surrounding the inclusion and effectiveness of STD education and intervention programming for adolescent students.
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