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Case Characteristics and Trends

in Pediatric Tuberculosis,

Maryland, 1986-1993

SYNOPSIS

Objective. To identify case charactenstics and trends in the incidence of pediatric
tuberculosis (TB) in Maryland during the national resurgence of the disease.
Methods. The authors conducted a retrospective review of the 248 cases of TB
in children ages 19 and younger reported to the state registry between 1986 and
1993.
Results. The incidence of pediatric TB in Maryland, while showing a downward
trend between 1986 and 1993, was characterized by a bimodal pattem, with one
peak in children younger than age 5 and another peak in adolescents. Certain
case characterstics differed significantly according to age: adolescents with TB
were more likely to have positive AFB smears, positive cultures, and cavitary X-rays
than children in the 0-4 age group. On the other hand, PPD results did not differ
significantly by age. Children with TB came from households in zip code areas for
which the median family income was lower and the rate of unemployment was
higher than comparable statewide figures.
Conclusions. Study findings indicate that (a) the general decline in adult TB in
Maryland was accompanied by a decline among children; (b) age-specific case
characteristics continue to be useful in clinical decision making for children with
suspected TB; and (c) a state TB registry may prove useful not only in tracking
disease trends and monitoring statewide control efforts but also in confirming
case characteristics, all of which are important disease control issues in a time of
fiscal downsizing.
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T he United States has experienced a resurgence of tuberculosis
(TB) not only among adults but also among children and adoles-
cents. After declining nearly 6% a year between 1962 and 1985,
the number of reported TB cases in people ages 19 and younger
increased 32.9% nationwide between 1985 and 1992.1-4 In recent

years, only a few large case studies of pediatric TB in the United States have
been published. Their generalizability, however, may be limited because they
were based on data collected prior to the national TB resurgence. 15'6 In addi-
tion, these studies did not look at comparable populations: one excluded ado-
lescents older than age 15,1 and one excluded young children.6

Pediatric TB presents unique challenges in terms of diagnosis, taxonomy,
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and therapeutic options.7 The difficulty of obtaining timely
and adequate specimens for bacteriologic confirmation,
especially from infants and young children, is well docu-
mented.8 Thus the diagnosis of pediatric TB, in contrast to
that of adult TB, continues to rely on epidemiology and case
characteristics.9 For example, among allTB cases diagnosed
in patients younger than age 15 and reported to the Centers
for Disease Control and Prevention in 1985, only 25% were
diagnosed through positive cultures and only 3% through
positive smears, while diagnoses were established in 67% of
the cases through a combination of case characteristics such
as positive tuberculin skin test, abnormal chest X-ray, and
history of exposure to an infected person. In the remaining
cases the diagnosis was established through other tissue his-
tology. Conversely, among adults a diagnosis is typically
established bacteriologically based on sputum specimens.

In the absence of bacteriologic confirmation, a working
diagnosis of pediatric TB requires at least two of the follow-
ing: a positive tuberculin skin test, suggestive chest X-ray
findings, clinical symptoms, history of exposure to an active
case, and clinical improvement following initiation of rec-
ommended anti-TB therapy. Variations ofthis definition are
widely used in developing countries where limited resources
do not permit more technologically based diagnostic evalua-
tions.1014

We reviewed 248 cases of pediatric TB reported in
Maryland between 1986 and 1993 to examine incidence
trends and age-related TB case characteristics among chil-
dren and adolescents during the nationwide TB resurgence.

Methods

The authors reviewed the records of all TB cases
reported by providers, hospitals, and diagnostic laboratories
to the Maryland Department of Health and Mental
Hygiene's Division of Tuberculosis Control (DTC) for the
years 1986 through 1993. Each case was reviewed and veri-
fied by DTC through telephone contact with the reporting
source.

We extracted from the DTC's case registry all TB
records for Maryland children ages 19 and younger for
1986-1993, yielding a total of 248 verified pediatric cases
(6.5% of all TB cases reported in Maryland during this
period). Each case record was reviewed for the following
characteristics: demographic data (age, ethnicity, gender,
and patient's zip code); bacteriologic and other diagnostic
findings (smear, culture, tuberculin skin test, and chest X-
ray results); reported type of infection; and drug treatment
regimen. The TB registry does not contain verified informa-
tion on household investigations for additional cases or his-
tory of prior treatment for TB.

Patients were stratified into four roughly equal age
bands-preschool (ages 0-4), primary school (ages 5-9),
junior high school (ages 10-14) and senior high school (ages
15-19), and case characteristics were compared across groups.
In addition, we used 1990 U.S. Census figures for median

family income and unemployment rate by zip code as a proxy
measure of socioeconomic status. Dichotomous variables
were analyzed using chi-square and trend analyses.'5

Results

Between 1986 and 1993, the number of pediatric TB
cases in Maryland declined by 2%. Approximately two-
thirds ofreported cases were from three predominately met-
ropolitan areas, Montgomery and Prince Georges counties
(45.3%) and Baltimore City (21.5%).

The age distribution reveals a bimodal pattern, with the
highest case rate (3.7 per 100,000 population) occurring
among children in the 0-4 age group and the next highest
rate in the 15-19 group (1.9 per 100,000) (Table 1). Over-
all, the median age was five years.

Fifty-two percent of the cases were identified as males,
48% as females. In each successive age group, females con-
stituted a progressively larger proportion of all cases
(P<0.01).

Most patients were non-white (66.9%), with non-white
children comprising a progressively larger proportion of
cases in each successive age band (P<0.001) (Table 1).

For cases, the overall average of median family incomes
by zip code area was $17,225, and the average unemploy-
ment rate was 5.2%. Comparable statewide figures for
Maryland in 1990 were $17,730 for income and 4.3% for
unemployment. The youngest patients (0-4 age group) were
most likely to reside in zip code areas reporting the lowest
average median family incomes ($16,493) and highest
unemployment rates (5.5%) (see Figure).

The vast majority of children underwent tuberculin skin
testing, with 78.2% reporting tuberculin reactions of 11 mm
in diameter or greater. There were no statistically significant
differences in tuberculin reactivity by age group (Table 2).

In 69.9% of all cases, chest X-rays were interpreted as
abnormal; in 9.3% they were reported as cavitary (Table 2).
Older age groups were progressively more likely to have
their chest X-rays interpreted with cavitary findings
(P<0.0001).

The two most common reported types of infection were
pulmonary (75%) and lymphatic (18.1%) (Table 2). Six
cases ofmiliaryTB were reported in the 0-4 group; 13 were
reported in the 15-19 group.

Smear or culture results were reported for approximately
half of all cases (Table 3). The median age of patients with
cultures was 12.2 years; for patients without cultures, the
median age was 2.5 years. There were fewer positive smear
results than positive culture results. Trend analysis revealed
that the older the child, the more likely she or he was to
have smears, to have culture studies performed, and to have
positive results.

We compared the 59 culture-positive cases with the 69
culture-negative cases (Table 4). Patients with positive cul-
tures included a higher proportion of girls than patients
with negative cultures and on average were older (median
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Table 1. Demographic characteristics of children and adolescents with tuberculosis, by age group, in Maryland,
1986-1993 (N=248)

Age (years)
0-4

(n= 107)
Number PercentCharacteristic

5-9
(n=52)

Number Percent

10-14 15-19

(n=33) (n=56)
Number Percent Number Percent

Gendera
Male ....................
Female..................

Ethnicityb
White...................
Black....................
Hispanic .................
Asian ...................
Other...................
Missing ..................

62 57.9
45 42.1

29 55.8
23 44.2

39 36.4 17 32.7
44 41.1 12 23.1
8 7.5 9 17.3
9 8.4 6 11.5
5 4.7 8 15.4
2 1.9 0 ...

18 54.5
15 45.5

12 36.4
10 30.3
2 6.1
5 15.2
4 12.1
0 ...

20 35.7
36 64.3

6 10.7
20 35.7
Is 26.7
10 17.8
5 8.9
0 ...

Group mean age (years)....... 2.3 6.6 12.2 17.3

NOTE: Percentages may not total 100 due to rounding errors.
aSignificantly more likely to be female with Increasing age (P<0.0 1).
bSignificantly more likely to be non-white with Increasing age (P<0.00 1).
SOURCE: Maryland Department of Health and Mental Health, DIsion of Disease Control, 1994
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Regression of percent of pediatric tuberculosis cases on per capita income by zip code area of
residence, Maryland, 1986-1993 (N=248)
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Table 2. Clinical charactedstics of pediatric tuberculosis cases, by patient age group, Maryland,

Age (years)

Characteristc

1986-1993 (N=248)

Purified protein derivative (mm)
0-5 .....................
6-10....................
I I or more..............

Not done................
Missing ..................

Chest X-raya
Normal................
Abnormal non-cavitary......
Abnormal cavitary .........

Not done................
Missing ..................

Infection type

Pulmonary ...............

Lymphatic..............
Bone...................
Miliary ..................

Central nervous system .....

Lymph node..............
Genito-urinary ............

Missing ..................

10 9.3
3 2.9

89 83.2
5 4.7
0 0

19 17.8
77 71.9
6 5.6
1 1.0
4 3.7

78 72.9
23 21.4

1 0.9
3 2.8
0 0

1 0.9
0 0

1 0.9

4 7.7
3 5.8

38 73.1
3 5.8
4 7.7

8 15.4
41 78.8

1 1.9
0 0

2 3.8

38 73.8
9 16.7
1 2.4
1 2.4
1 2.4
1 2.4
0 0

1 2.4

2 6.1
0 0

24 72.7
3 9.1
4 12.1

7 21.2
22 66.7
3 9.0
0 0

1 3.0

22 66.7
7 21.2
3 9.1
0 0

0 0

0 0

1 3.1
0 0

4 7.1
0 0

43 76.8
7 12.5
2 3.6

7 12.5
33 58.9
13 23.2

1 1.8
2 3.6

48 85.7
6 10.7
0 0

0 0

1 1.8
0 0

1 1.8
0 0

NOTE: Percentages may not total 100 due to rounding errors.
"Chest X-ray significanty more likely to be cavitry with increasing age (P<0.000 1).
SOURCE: Maryland Department of Health and Mental Hygiene, Division of Disease Control, 1994

age 15 years versus 7 years). Those with positive cultures
were more likely to have cavitary radiographs and signifi-
cantly more likely to be smear-positive (P<0.0001 for each).

Considerably more than halfof aUl those for whom treat-
ment regimens were reported received treatment with either
three or four drugs, and patients with positive cultures were

most likely to receive three or four drugs (Tables 3 and 4).
Only two patients received single drug therapy (isoniazid).

Discussion

Although the incidence of pediatric TB has increased
dramatically nationwide since 1985, the incidence in Mary-
land declined 2% between 1986 and 1993, parallelling a

decline among Maryland adults (Unpublished data, DTC,
1993). For example, in Baltimore, the state's largest city, the
incidence of TB declined 29.5%, which contrasts with an

average increase of33.3% among the 20 largest U.S. cities in
that same period.16'17 This reaffirms the long-held assump-
tion that controlling adult TB is an effective strategy to
reduce the incidence ofTB among children.

This bimodal age distribution, with a rising tail in late
adolescence, confirms the need to continue TB surveillance
of children up to age 19. Recent annual TB reports from the

U.S. Centers for Disease Control (CDC) combine adoles-
cents with young adults in a 15-to-24-year-old cate-
gory.18'19 Since adolescent health status is increasingly asso-

ciated with a variety of significant health risks complicated
by high rates of uninsurance,20 low rates of access to pri-
mary care providers,21'22 and high risk of HIV infec-
tion,22'23 it will be important to continue TB surveillance of
this age group.

Our study confirms that pediatric TB case characteris-
tics differ by age, especially when children are compared
with adolescents. We found that specimen cultures and
AFB smears were significantly less likely to be positive
among infants and children. Since AFB staining of speci-
mens is the standard screening tool for TB control, the low
number of positive smears among young children may com-

promise early case detection. Moreover, among all cases,

smears when available were nearly twice as likely as cultures
to be negative, again complicating early case identification.

Overall, cavitary lesions were rare (9.3%), especially
among infants and young children, with most chest X-rays
reported as abnormal (noncavitary). The vast majority of
patients had tuberculin reactions of at least 11 mm.

Our findings are consistent with those of the CDC
study conducted nearly 10 years ago.1 The median age of
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Table 3. Diagnosis and treatment of children and adolescents with pediatric tuberculosis, by age group, Maryland,
1986-1993 (N=248)

Age (years)
0-4

Ntimber PercentCharacteristic
5-9

Number Percent
10-14

Number Percent
15-19

Number Percent

Smeara
Positive.................
Negative................
Not done................
Unknown ................
Missing ..................

Cultureb
Positive.................
Negative................
Not done................
Unknown ................
Missing ..................

Drug therapyc
IR plus 2 other drugs.
IR plus I other drug........
IR only ..................
I only ...................
Missing ..................

8 7.5
27 25.2
36 33.6
36 33.6
o 0

11 10.3
26 24.3
34 31.8
36 33.6
0 0

4 3.7
48 44.8
50 46.7

1 0.9
4 3.7

8 15.4
18 34.6
12 23.1
14 26.9
0 0

9 17.3
13 25.0
10 19.2
20 38.5
0 0

4 7.7
28 53.8
20 38.5
0 0
0 0

1 3.0
24 72.7
4 12.1
4 12.1
0 0

13 39.4
14 42.4

1 3.0
5 15.2
0 0

3 9.0
15 45.5
14 42.4
0 0
1 3.0

23 41.1
20 35.7
5 8.9
5 8.9
1 5.4

27 48.2
16 28.6
6 10.7
7 12.5

.0 0

16 28.6
16 28.6
14 25.0

1 1.8
9 16.1

NOTE: Percentages may not total 100 due to rounding errors.
aSmear significantly more likely to be positive with increasing age (P<0.0 15.
bCulture significantly more likely to be positive with increasing age (P<0.00 1).
cTreatment significantly more likely to involve three or four drugs with increasing age (P<0.02).
IR = Isoniazid with rifampin
I = Isoniazid
SOURCE: Maryland Department of Health and Mental Hygiene, Division of Disease Control, 1994

TB patients in that study was 3 years old. If the CDC
study's upper cut-off of 15 years were applied to our data,
the median age for our population would be 3.5 years. The
distribution of types of infection in our study population
closely parallels that of the population in the CDC study
(pulmonary 75%, lymphatic 16.7%, meningeal 3.3%, pleural
1.4%, miliary 1.3%, bone/joint 1.0%).1 The proportion of
culture-positive cases in that study (25%) is also consistent
with our findings (23.8%). Our proportion of smear-posi-
tive cases (16.1%), however, was some fivefold higher than
in the CDC study (3%).

The use of case characteristics in diagnosing TB in chil-
dren may be particularly important since, in addition to the
other diagnostic challenges already described, the standard
recommendation ofserial morning gastric aspirations can be
cumbersome, uncomfortable for the patient, and still result
in poor yields. (Studies have reported proportions of cul-
ture-positive specimens ranging from 30% to 40%.)24,25
Moreover, flexible bronchoscopy appears to produce results
no better than gastric aspiration.26 Nonetheless, establish-
ing a bacteriologic diagnosis remains important since the
highest proportion of pediatric cases is found among infants
and very young children, who are particularly susceptible to

aggressive TB and greater mortality.27
Our findings also serve as a reminder of the value of

public disease surveillance registries for tracking disease
trends and for identifying populations at risk and case char-
acteristics. Other public health functions of particular sig-
nificance to the control of pediatric TB include associate
investigations to identify the adult source case (who can
then undergo culture and sensitivity studies to rule out drug
resistance) and household contact investigation of other
children exposed to an adult case (to institute timely pre-
ventive therapy).

Since our data are drawn from a state registry, there are
potential limitations to our findings. We did not have indi-
vidual patient records for review; therefore, it is possible that
some of the nonculture-confirmed cases may reflect overre-
porting. We chose the 1986-1993 time period because dur-
ing this period all cases were followed up by the DTC with
the reporting physician or hospital, which should have
reduced this bias.

Our study is also limite& from an epidemiologic stand-
point since the DTC case registry does not contain complete
information on other household cases to establish a more
comprehensive transmission pattern to children.
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Table 4. Comparison of 59 culture-positive and 69 culture-negative pediatric tuberculosis cases, Maryland, 1986-1993

Positive Negative
Characteristic Number Percent Number Percent

Median age (years) 15 7

Gender
Male ..................... 24 40.7 39 56.5
Female ................... 35 59.3 30 43.5

Ethnicity
White .................... 13 22.0 23 33.3
Black ..................... 20 33.9 25 36.2
Asian ..................... 12 20.3 8 11.6
Hispanic .................. 6 10.2 5 7.2
Unknown ................. 8 13.6 8 11.6

Chest X-ray
Normal ................... 8 14.3 12 17.4
Abnormal non-cavitary ....... 38 67.9 48 69.6
Abnormal cavitary 1.......... 0 17.9 5 7.2
Unknown or not done ....... 3 ... 4 5.7

Purified protein derivative size (mm)
0-5 ...................... 9 15.5 3 4.3
6-10 ..................... 1 1.7 2 2.9
Morethan 10 .............. 31 53.4 60 87.0
Not done ................. 16 27.6 3 4.3
Unknown ................. 2 1.7 1 1.1

Smear results
Positive ................... 30 52.6 4 5.8
Negative .................. 17 29.8 62 89.9
Notdone ................. 4 7.0 3 4.3
Unknown ................. 8 10.5 0 0

Drug therapy
IR plus 2 other drugs ........ 14 23.7 1 1 15.9
IRplus other drug ......... 14 23.7 16 23.1
IR only ................... 29 49.2 42 60.8
Ionly .................... 2 3.4 0 0

NOTE: Percentages may not total 100 due to rounding errors.
aSmear was significantly more likely to be positive if culture was positive (P<0.000 1).
IR = Isoniazid with rifampin
I = Isoniazid
SOURCE: Maryland Department of Health and Mental Hygiene, Division of Tuberculosis Control, 1994

Although new strategies to enhance the diagnosis of
pediatric TB have been tested,28'29 additional research must
be directed toward more practical and effective diagnostic
techniques applicable to children. This is particularly
important in view of the national increase in multidrug-
resistant TB; the absence of specimens for culture and drug
sensitivity may jeopardize the proper management of pedi-
atric cases.

This paper was presented in abstract form at the Pediatric
Tuberculosis Conference sponsored by the Centers for Dis-
ease Control and Prevention and the American Lung Asso-

ciation, August 1, 1994. The authors are gratefuil to George
Comstock, MD PhD, of the Johns Hopkins School of
Hygiene and Public Health for reviewing an earlier version
of the paper.
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