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Abstract

Objective—To assess how frequently pediatric practitioners perform latent tuberculosis infection
(LTBI) screening according to guidelines. We hypothesized that screening occurs less frequently
among children whose parents do not speak English as the primary language.

Study design—We conducted a retrospective cohort study of patients attending well-child visits
in an urban academic pediatric primary care clinic from 4/1/2012-3/31/2013. We assessed
documentation of three LTBI screening components and tested the association between parent
primary language and tuberculin skin test (TST) placement and documentation of results.

Results—During the study period, 387 of 9,143 (4%) children had no documentation of
screening question responses. Of the other 8,756 children, 831 (10%) were identified as high-risk
for LTBI. Of these, 514 (62%) did not have documented TST administration in the appropriate
time frame. Thirty-nine of 213 (18%) children who had a TST placed did not have documented
results. Multivariable regression showed that parent language was not associated with TST
placement or documentation of results, but non-Hispanic Black children were more likely not to
have a documented test result (aOR 2.12, 95% CI 1.07-4.19, P=0.03) when adjusting for age, sex,
parent primary language, insurance status, day of the week and study year of TST placement.

Conclusions—Parent primary language was not associated with LTBI testing. However, we
found substantial gaps in TST placement and documentation of TST result among high-risk
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children, the latter of which was associated with race/ethnicity. Targeted quality improvement
efforts should focus on developing processes to ensure complete screening in high-risk children.
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Tuberculin skin test; Mycobacterium

Tuberculosis in children remains a public health concern in the United States (US) and
internationally. According to the World Health Organization, in 2012 over 74,000 children
died from tuberculosis worldwide. Despite an overall decrease in annual incidence in the
US, pediatric tuberculosis case rates among Hispanic, Black, and foreign-born children
remain disproportionately high.2: 3 Child or parent country of birth are among the most
important risk factors for pediatric tuberculosis in the US as 31% of children diagnosed with
tuberculosis from 2008 to 2010 were foreign born, and 66% of all US-born children
diagnosed with tuberculosis had at least one foreign-born parent.3

Treatment of individuals with latent tuberculosis infection (LTBI) remains an important
strategy for prevention of LTBI reactivation and reduction of the burden of active
tuberculosis among populations in low-incidence countries.#~’ In 2004, the American
Academy of Pediatrics (AAP) updated its recommendations for a targeted LTBI screening
approach.” To identify children at highest risk for LTBI, the AAP recommends four
screening questions be asked at well-child visits at least once annually.10: 11 Based on the
most important risk factors for LTBI, these screening questions identify children who
subsequently require tuberculin skin test (TST) placement and reading for the diagnosis of
LTBI.

Despite the most recent recommendations from the AAP, pediatric tuberculosis screening
rates are low in many practices.12-14 Therefore, we sought to better characterize the
frequency of adherence to the AAP recommendations at each step of the screening process
among children at a large academic pediatric primary care institution in the US. We also
sought to identify patient-specific factors that may contribute to any identified gaps in
adherence to screening and testing recommendations. Recognizing that non-English
speakers often have difficulty accessing health care and that children of foreign-born parents
are at higher risk for LTBI,> 16 we hypothesized that parent primary language other than
English would be associated with less frequent adherence to AAP recommended LTBI
screening.

METHODS

We performed a retrospective cohort study, utilizing electronic medical record review to test
the association between parent primary language and incomplete documentation of LTBI
screening. The pediatric primary care clinic from which we sampled serves a broad range of
racial and ethnic minority patients with over 40 languages spoken by patients and families.
Additionally, 72% of the patients were insured by TennCare, the state’s form of Medicaid.
The clinic used tuberculosis skin tests (TSTs) exclusively for LTBI screening during the
study period. The clinic was not affected by the US Tubersol shortage documented in April
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2013.17 The Vanderbilt University Institutional Review Board approved the study and
granted a waiver of informed consent.

We included all children between the ages of one and 18 years who had a well-child visit in
the clinic between April 1, 2012 and March 31, 2013. We limited the cohort to well-child
visits because our primary objective was to study screening practices of asymptomatic
individuals.

Documented Components of LTBI Screening

We evaluated three components of targeted LTBI screening by determining if the following
were documented in the electronic medical record (Figure; available at www.jpeds.com).

Identification of high-risk children through screening questions—Since March
2011, the pediatric practitioners in the clinic have used an electronic template used during
well-child checks that has a specifically designed feature to facilitate provider
documentation of LTBI screening question responses. The template includes a slightly
modified version of the AAP recommended tuberculosis screening questions (Table I) with
“Yes,” “No,” and “Unsure” response options, and a free text field following the statement
“Date of child’s most recent PPD [purified protein derivative] and results.” We considered a
child to have been screened appropriately if well-child visit documentation noted one of
three conditions: (1) a “No” response to all four screening questions; (2) a “Yes” response to
any of the four questions; or (3) any associated comment in the free text field indicating
completed screening, even if none of the questions were answered. Children who had
multiple well-child visits during the study year needed to have documentation of LTBI
screening questions at least once to be considered appropriately screened in accordance with
annual screening recommendations. Every child who had a “Yes” response to at least one of
the four screening questions was designated high-risk for LTBI.

Placement of a TST within 30 days for those at high-risk (or documentation of
a previous TST)—We subsequently assessed whether children identified as high-risk had
a TST placed within 30 days following the well-child visit at which they were screened.
High-risk children who did not have a TST placed within 30 days were considered to have
care consistent with AAP recommendations if: 1) they had a TST result recorded in the 365
days preceding the date of the well-child visit at which they were identified as high-risk, or
2) their only positive screening question was birth in a high-risk country, and they had
documentation of a TST result at any time in the past. The results and follow-up of children
with prior TST results were beyond the scope of the current study.

Results of TSTs that were placed—Care consistent with AAP recommendations was
defined as documentation of a TST result that occurred between two and three days after the
TST was placed. For those patients who had multiple TSTs placed during the study period,
only the first TST was included to preserve independence of observations. We did not
evaluate the size of induration reported for TST results. As a pre-specified secondary
analysis, in order to expand the sample size of children who had a TST placed, we identified
all children (1-18 years old) who had a TST placed between April 1, 2010 and March 31,
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2013 in association with a primary care clinic visit, regardless of the purpose of their clinic
visit (i.e., not limited to well-child clinic visits). We did not use this extended study period
for the first two components because the implementation of the screening questions in the
electronic templates did not occur until March 2011. Finally, we reviewed the charts of all
children who had positive TST results to see if a health care provider noted the positive
result, a referral to the health department was made, and a chest x-ray was performed.

Parent Primary Language

Covariates

Parent primary language was self-reported by parents at registration for pediatric visits and
was categorized as English, Spanish, Arabic, or other. Parent primary language was selected
as the primary predictor variable because it approximates foreign-born status and was
readily available in the electronic medical record. In 2010, approximately 85% of the
foreign-born population in the US spoke a non-English language at home, and
approximately 10% of the US-born population spoke a non-English language at home.18

For the primary analysis, we selected a limited set of covariates including patient age, sex,
and race/ethnicity (Hispanic; non-Hispanic Black; non-Hispanic White; and other non-
Hispanic). We assessed race/ethnicity because tuberculosis disproportionately affects racial
and ethnic minorities in the US, and racial and ethnic disparities exist in access to health
care among pediatric patients.3: 19 20 We were limited in our ability to extract further
covariates for the primary analysis due to the mechanism of data query from the electronic
medical record. For the secondary analysis, we were also able to evaluate patient insurance
status (TennCare, Private Insurance, or Self-Pay) and the following clinic characteristics:
provider type (Attending, Resident, or Nurse Practitioner), clinic volume on day of TST
placement (continuous), day of the week the TST was placed (Monday through Saturday),
time of day the TST was placed (AM or PM), and the study year during which the TST was
placed (4/1/10-3/31/11, 4/1/11-3/31/12, or 4/1/12-3/31/13).

Statistical Analyses

Participant characteristics were summarized using median and interquartile range for
continuous variables and proportions for categorical variables. LTBI screening-related
differences in demographic and clinic characteristics were evaluated using the x2 test for
categorical variables and the Wilcoxon rank-sum test for continuous variables.

We used a multivariable logistic regression model to evaluate the association between parent
primary language and TST placement among high-risk children. Due to the low number of
children who did not have documented TST results in the main analysis, we used the
secondary analysis for a more robust multivariable logistic regression model to evaluate the
association of parent primary language with documented TST results.

We used multiple imputation techniques with one hundred imputation data sets to perform a
sensitivity analysis that included children with missing covariates. All analyses were
performed using Stata, version 12.1 (Stata Corporation, College Station, TX, USA). All P
values were two-sided and P<0.05 was considered significant.
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RESULTS

Documented Components of LTBI Screening

During the study period, 9,143 children ages 1-18 were seen at 11,731 well-child visits. Of
these children, 4,417 (48%) were female, 3,932 (43%) were Black, 2,418 (26%) were
Hispanic or Latino. 2,842 (31%) of the parents spoke a primary language other than English,
including 1,815 (20%) who spoke Spanish and 605 (7%) who spoke Arabic. Providers noted
that 279 (3%) children were born in a high-risk country. Of the 9,143 unique children seen
at well-child visits, 8,756 (96%) had LTBI screening questions asked at least once during
the study period (Figure).

TST Placement—Of the 8,756 children for whom LTBI screening questions were asked,
831 (9%) had a “Yes” response to at least one of the four screening questions and were
considered high-risk for LTBI. Of these, 213 (26%) children had a TST placed within 30
days, and 104 (13%) children had documentation of prior TST results (317 total children
who were considered to have appropriate testing). The remaining 514 (62%) children at risk
for LTBI did not have a TST placed according to AAP recommendations (Percentage sums
exceed 100% due to rounding), 59 of which had a TST placed more than 30 days after being
identified as high-risk. Children who did not have a TST placed were significantly older
than those who did have a TST placed (6.0 years versus 5.3 years; P=0.03), but did not
significantly differ based on sex, race/ethnicity, or parent primary language (Table II).
Travel to a high-risk country was the screening question most frequently answered “Yes”
(51%), and having a family member or contact with tuberculosis disease was least
frequently answered “Yes” (15%) (Table I).

Documentation of TST Results—Of the 213 children who had a TST placed within 30
days of their well-child visit, 39 (18%) did not have a documented test result. The secondary
analysis, which included all TST placements between April 1, 2010 and March 31, 2013,
showed that 181 of 805 (22%) children did not have documentation of a TST result within
72 hours of placement. Children who did not have a documented TST result significantly
differed from children who did have a documented TST result with regard to race/ethnicity,
parent primary language, and year of TST placement (Table I11).

Positive TSTs—Among the 624 children who had a documented TST result in the
secondary analysis, 43 (7%) had a positive TST, all of whom had documented follow-up by
a provider. Of 41 children with a positive TST who did not have a prior diagnosis of
tuberculosis or a prior positive TST, 40 (98%) were referred to the local health department
for further evaluation and care. The one child who was not referred to the local health
department had a documented negative chest x-ray.

Parent Primary Language and LTBI Screening

TST Placement—Parent primary languages other than English were not significantly
associated with placement of a TST in a multivariable logistic regression model adjusted for
age, sex, and race/ethnicity (Table 1V; available at www.jpeds.com). Age was the only
factor with a significant association; older children were more likely not to have a TST
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placed (adjusted Odds Ratio [aOR] 1.05 per year of age, 95% Confidence Interval [CI]
1.01-1.09, P=0.02)

Documentation of TST Results—Parent primary language was also not associated with
documentation of TST results in a multivariable logistic regression model adjusted for age,
sex, race/ethnicity, insurance status, day of the week that TST was placed, and study year
that TST was placed (Table V; available at www.jpeds.com). Non-Hispanic Black children,
however, were more likely not to have a documented TST result (aOR 2.17, 95% CI 1.10-
4.30, P=0.03) than children of other race/ethnicity categories. Additionally, younger
children (aOR 0.95 per year of age, 95% CI 0.90-1.00, P=0.04) and children with TST
placement in the third study year (aOR 0.51, 95% CI 0.32-0.83, P=0.007) were less likely to
be missing a documented TST result.

Of the 805 children in the expanded analysis, 69 (9%) were missing combined race and
ethnicity data. When we used multiple imputation techniques to predict missing data, the
regression model had similar findings, except that age was no longer significantly associated
with documentation of TST results.

DISCUSSION

Our results identify gaps at each stage of LTBI screening in a large, urban academic medical
center. Most notably, 62% of children who were identified as high-risk by LTBI screening
questions did not have a TST placed; and 18-22% of children did not have a documented
result within 72 hours of TST placement. Additionally, recommended screening questions
were not documented at least once in the study year for 4% of children. However, we did not
find the hypothesized association between parent primary language and placement of TST or
documentation of TST results in adjusted analyses.

Few prior studies have quantified gaps at each step of pediatric tuberculosis screening. The
results from this study indicate that the largest gap occurs in placement of a TST after a
patient is identified as high-risk by LTBI screening questions (only 38% of children had
either a TST placed within 30 days of positive screening or documentation of a prior TST).
This is likely because if a parent will not be able to arrange the child’s return in 48 to 72
hours for test interpretation, providers at the clinic often ask the parent to return to clinic
another time to have it placed. We were unable to assess whether parents were instructed to
return later if a TST was not immediately placed. It is not clear why non-Hispanic Black
children were the least likely to have a documented TST result, though it may indicate that
parents of these children were the least likely to return for reading of the TST. These data
suggest that use of an interferon-gamma release assay, which does not require a patient to
return to have the results read, may warrant further investigation as a cost-effective
screening approach for families for whom the use of a TST is not feasible. Furthermore, the
results of an interferon-gamma release assay could be automatically entered into the patient
electronic medical record, avoiding separate documentation of results required for the TST.
Currently, lack of data comparing the performance of interferon-gamma release assays and
TSTs and difficulties drawing enough blood in small children require caution when
considering the use of interferon-gamma release assays in children aged < 5 years.2!
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The gaps in the targeted LTBI screening approach that we identified demonstrate the need
for provider and clinic-specific quality improvement strategies. Previous studies have shown
some promise in improving screening and testing rates using quality improvement
approaches. A state-wide quality improvement initiative in North Carolina reported a
baseline tuberculosis risk assessment and testing rate of 18% among two year olds, which
improved to 39% with practice-specific quality improvement projects directed at the practice
providers and staff.14 In contrast, other studies reported limited improvements in the percent
of children who had their TST read by coordinating with school nurses, and no meaningful
improvements with measures to improve parent knowledge or provide transportation back to
clinic.13: 22 One clinic-specific step for improvement in our study clinic could be clarifying
high-risk countries in the provider template.

Between 2008 and 2010 only 25% of pediatric tuberculosis cases in the US had no known
international connection.3 According to one study that surveyed 20 US sites, US-born
children with foreign-born parents had six times higher tuberculosis rates than US-born
children with US-born parents.18 Because the clinic in our study does not reliably capture
information about country of birth for children or their parents, we considered parent
primary language a factor that could potentially approximate parent foreign birth, though
this has not been studied before. We hypothesized that factors such as cultural or language
barriers, difficulties returning to clinic, and stigma associated with tuberculosis could have
contributed to incomplete LTBI screening.23-2% In the adjusted models, parent language was
not significantly associated with adherence to LTBI screening recommendations. However,
children whose parents speak primarily Arabic had more completed LTBI screenings in
unadjusted models and approached significance in one of the adjusted models. Although not
statistically significant, these results were counter to our hypothesis and suggest that parent
language was not a significant barrier to thorough LTBI screening.

Rather than identifying an association between parent language and documentation of
adherence with AAP recommended LTBI screening practices, we report uniformly
distributed screening rates. Compared with previous studies, our findings show substantial
improvement in LTBI screening. We report that 96% of children had documentation of
LTBI screening questions, likely due to the use of electronic forms that incorporate these
questions. In a previous survey of 520 pediatric primary care providers, 85% reported
screening for tuberculosis risk factors. However, there was significant variation in the
providers’ knowledge of the AAP screening recommendations and screening
implementation.12 One study published in 2001 reported a completed tuberculosis-screening
rate between 43-50% in an urban, academic pediatric practice.13 Despite improvements in
overall screening since the release of updated AAP recommendations in 2004, incomplete
documentation of pediatric LTBI screening continues to occur. We did find that children
who had a TST placed in the last year of the secondary analysis were more likely to have
documentation of TST results compared with the first year. This may suggest a temporal
trend from ongoing clinic improvement efforts, potentially from the incorporation of the
screening questions in well-child visit note templates in March 2011, or it may be related to
other unmeasured factors.
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The 2004 AAP recommendations were based on data from multiple case-control and large
cohort studies that identified potential risk factors for child tuberculosis.28: 27 We found that
7% of children with completed TSTs had a positive result. Identification of more specific
screening algorithms would ideally allow for even more targeted screening and be more cost
effective. If rates of drug-resistant tuberculosis continue to rise, screening strategies that
identify high-risk countries for drug-resistant LTBI may also be needed.28

Our study had several limitations. First, if providers documented LTBI screening, TST
placement, or TST result data in areas of the medical record other than those designed for
these purposes, we would not have captured their responses. Providers routinely use the
clinic note template, so we expect that we captured most of the risk assessment that truly
occurred. Second, among children identified as high-risk for LTBI who did not have
placement of a TST, we do not have data to indicate why providers did not adhere to
recommendations. Third, we were unable to identify patients who had a TST result recorded
outside of the primary care clinic. It is a reasonable professional expectation, however, for
the ordering provider or clinic to be made aware of and properly document a test result.
Finally, because the local health department manages LTBI treatment, follow-up data were
not available for children who were referred to the health department for a positive TST.

Further studies to identify barriers to each component of LTBI screening, particularly testing
children who have been identified as high risk for LTBI, could lead to targeted strategies to
optimize completed care.
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9,143 unique children age 1-18 years
11,731 well-child visits
(April 1, 2012 — March 31, 2013)

Component 1

387 (4%) unique children did NOT have
targeted screening questions documented
at least once in the study year

8,756 (96%) unique children had
targeted screening questions documented

831 (9%) had
> 1 positive screening question

Component 2

514 (62%) did NOT have
TST placed within 30 days or
documentation of prior TST

213 (26%) had 104 (13%) had

Component 3

<

39 (18%) did NOT have
documented TST result

TST placed within prior TST
30 days documented
174 (82%) had

documented TST result

Figure.

Components of LTBI screening included documentation of: (1) identification of high-risk
children at annual well-child visits; (2) placement of a TST within 30 days for those at risk
(or previous TST documented); and (3) results of TSTs that were placed. Percentage sums

exceeding 100% due to rounding.
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TABLE 1

Responses to Recommended Screening Questions for Pediatric Latent Tuberculosis Infection in the United
States”

Question Yes (% of 831)
Has a family member or contact had tuberculosis disease? 128 (15%)
Has a family member had a positive tuberculin skin test result? 293 (35%)
Was your child born in a high-risk countryT? 279 (34%)

Has your child traveled (had contact with resident populations) to a high-risk countryJr for more than one week? 425 (51%)

*
These questions are listed in the template of the provider well-child visit note at the study clinic. They have been adapted from AAPL0 and
RedBook1! guidelines.

TThe clinic template does not specifically list high-risk countries. The AAP recommendations consider countries in Africa, Asia, Latin America, or

Eastern Europe to be high-risk countries. 10
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TABLE 2

Characteristics of Children at High Risk for Latent Tuberculosis Infection, by Tuberculin Skin Test Placement

Status

TST placed (n=317) No TST placed (n=514) P Value

Age, median (IQR) years 5.3(2.6, 8.8) 6.0(3.2,9.3) 0.03
Male Sex, n (%) 156 (49) 270 (53) 0.35
Race/Ethnicity*, n (%) 0.26
Hispanic 97 (33) 135 (29)
Black, Non-Hispanic 55 (19) 109 (23)
White, Non-Hispanic 109 (37) 162 (35)
Other 32 (11) 63 (13)
Parent Primary Language, n (%) 0.06
English 132 (42) 245 (48)
Spanish 69 (22) 96 (19)
Arabic 84 (26) 105 (20)
Other 32 (10) 68 (13)

TST, tuberculin skin test; IQR, interquartile range.

*
n=762
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TABLE 3
Characteristics of Children Who had Tuberculin Skin Tests Placed, by Tuberculin Skin Test Result
Documentation Status (data from secondary analysis April 1, 2010 — March 31, 2013
TST Result Documented (n = No TST Result Documented (n Totaln P Value
624) =181)
Age, median (IQR), years 5.4(2.9,9.1) 5.0 (2.5,8.2) 805 0.16
Male Sex, n (%) 321 (51) 99 (55) 805 0.44
Race/Ethnicity, n (column% / row%) 736 <0.001
Hispanic 204 (35/80) 50 (31/20) 254
Black, Non-Hispanic 98 (17/64) 56 (35/36) 154
White, Non-Hispanic 199 (35/84) 38 (24/16) 237
Other 74 (13/81) 17 (11/19) 91
Parent Primary Language, n (column% / row%) 805 0.05
English 261 (42/73) 95 (52/27) 356 0.01*
Spanish 159 (26/80) 41 (23/20) 200 0.44*
Arabic 139 (22/84) 27 (15/16) 166 0.03*
Other 65 (10/78) 18 (10/22) 83 0.85*
Type of Insurance, n (column% / row%) 805 0.16
TennCare 489 (78/77) 145 (80/23) 634
Private 126 (20/81) 30 (17/19) 156
Self-Pay 9 (1/60) 6 (3/40) 15
Type of Provider, n (column% / row%) 805 0.43
Resident 389 (62/77) 119 (66/23) 508
Attending 185 (30/80) 45 (25/20) 230
Nurse Practitioner 50 (8/75) 17 (9/25) 67
Clinic Volume, median (IQR) 180 (159, 200) 180 (162, 194) 805 0.85
Time of Day TST Placed, n (column% / row%) 779 0.09
Morning 237 (39/82) 53 (32/18) 290
Afternoon 374 (61/76) 115 (68/24) 489
Day of Week TST Placed, n (column% / row%) 805 0.38
Monday 193 (31/81) 45 (25/19) 238
Tuesday 148 (24/75) 49 (27/25) 197
Wednesday 150 (24/76) 47 (26/24) 197
Thursday 46 (7/71) 19 (11/29) 65
Friday 79 (13/80) 20 (11/20) 99
Saturday 8 (1/89) 1(1/11) 9
Year TST Placed, n (column% / row%) 805 <0.001
1 (4/1/10-3/31/11) 147 (24/74) 51 (28/26) 198
2 (4/1/11-3/31/12) 200 (32/72) 79 (44/28) 279
3 (4/1/12-3/31/13) 277 (44/84) 51 (28/16) 328

TST, tuberculin skin test; IQR, interquartile range.
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*
P value represents comparison between row parent language and all other parent languages, e.g., English vs non-English, Spanish vs non-Spanish,
etc.
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TABLE 4

Factors Associated with Not Having a Tuberculin Skin Test Placed, Multivariable Logistic Regression

Factor aOR  95% ClI P Value
Age 1.05 1.01-1.09 0.02
Male sex 117 0.88-1.55 0.29
Race/Ethnicity (compared to Hispanic)
Black, non-Hispanic  1.34  0.77-2.33  0.30
White, non-Hispanic  1.28  0.73-2.26  0.38
Other, non-Hispanic  1.33  0.68-2.61 0.40
Parent language (compared to English)
Spanish 090 0.53-1.52 0.68
Avrabic 0.66 0.42-1.03 0.07
Other 112 0.65-1.93 0.68

aOR, adjusted odds ratio; CI, confidence interval
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TABLE 5

Factors Associated with Not Having a Tuberculin Skin Test Result Documented, Multivariable Logistic

Regression
Factor aOR 95% ClI P Value
Age 095 0.90-1.00 0.04
Male sex 1.16 0.80-1.67 0.44
Race/Ethnicity (compared to Hispanic)
Black, non-Hispanic  2.12  1.07-4.19 0.03
White, non-Hispanic  0.79  0.39-1.62 0.52
Other, non-Hispanic  0.94  0.42-2.15 0.89
Parent language (compared to English)
Spanish 0.82 0.41-161 0.56
Arabic 0.65 0.35-1.20 0.17
Other 053 0.25-1.09 0.08
Day of the Week (compared to Monday)
Tuesday 133 0.81-2.17 0.26
Wednesday 111 0.66-1.86 0.69
Thursday 137 0.68-2.79 0.38
Friday 095 051-1.79 0.88
Saturday 0.62 0.07-5.25 0.66
Insurance (compared to Private)
Self-pay 259 0.80-8.38 0.11
TennCare 123 0.75-2.02 0.42
Study Year (compared to 4/1/10-3/31/11)
4/1/11-3/31/12 111 0.71-1.76 0.64
4/1/12-3/31/13 051 0.32-0.83 0.01

aOR, adjusted odds ratio; Cl, confidence interval
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