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ABSTRACT

OBJECTIVE: We aimed to evaluate the sensitivity of tuberculin skintest (purified protein derivative-PPD) by topical zinc

application on test site to improve diagnostic reliability.

METHODS: We performed this study in 100 children aged 6-14 years, and plasma zinc levels were analyzed after 10-12
hours fasting. After PPD,we applied 40% zinc oxide cream on one forearm and placebo on the other forearm. PPD indurations

were measured 72 hours later.

RESULTS: In this study, 26% of the children showed increases in PPD induration following local zinc applications. There was
no correlation between indurations size and serum zinc levels.

CONCLUSION: We concluded that topical zinc cream application can enhance sensitivity of tuberculin reactivityin the diag-

nosis of tuberculosis.
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T uberculosis, is a serious illness in developing coun-
tries, particularly in asymptomatic, immunosup-
pressed children. It is estimated annual risk of tuber-
culosis infection in children in developing countries is
2-5% [1].The estimated risk of developing tuberculosis
diseases for a young child infected with mycobacterium
tuberculosis as indicated by positive tuberculin test is ap-
proximately 10% [2]. Nearly 8—20% of the deaths caused
by tuberculosis occur in children [3]. We can diagnose
the latent infection by means of tuberculin skin test (pu-
rified protein derivative-PPD). However, the reliability
of this test is limited by false-negative results, particu-
latly in children who have poor nutritional status. Defi-
ciency of zinc, a micronutrient that modulates immune
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response and supports antibacterial immunity, can cause
false-negative results in PPD skin test [4-6]. Therefore,
we investigated whether the application of topical zinc
application would enhance the sensitivity of PPD for the
diagnosis of the disease.

MATERIALS AND METHODS

This study was performed in 100 children aged 3-14
years (mean age, 8.98+2.75 years) and hospitalized in
Haydarpasa Numune Training and Research Hospital
Pediatric Department. After receiving ethical approval
and informed written consent, venous blood of the chil-
dren after 10—12 hours fasting were collected. Plasma
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zinc levels were analyzed using atomic absorption spec-
troscopy. The patients who had severe infections that
could affect immune system anergic viral infections,
steroid administration, and immune suppressive status
were excluded.

PPD was performed and evaluated by the same doc-
tor during the study. The doctor injected 0.1 ml tuber-
culin (5U in 0.1 ml Aventis-Pasteur) in the volar surfaces
of both the forearms. After implementations, he covered
skin-test side on the left arm with zinc oxide dissolved in
aqueous cream of 40% elemental zinc, whereas he cov-
ered skin-test sides on the right arm with 1 ml of placebo
creams. Both creams had the same color and odor and
were provided in a similar looking cup. After 72 hours,
he measured the sizes of indurations in both arms by
“ball-point-pen.”

Number Cruncher Statistical System (NCSS) 2007
and PASS (Power Analysis and Sample Size) 2008 Sta-
tistical Software (Utah, USA) were used. While evalu-
ating the data of the study, we used defining statistical
methods such as mean value, standard deviation, median,
and rate. We performed student’s t test order to demon-
strate serum zinc levels according to genders. We used
Mann—Whitney U test and Wilcoxon Signed Rank test
in evaluating PPD indurations with placebo and zinc
supplementation. For evaluating the associations of the
parameters with each other, we used Spearman’s corre-
lation analysis. Statistical significance was accepted as

p<0.05.

RESULTS

This study included 41% males and 59% females in a
total of 100 children (mean age, 8.98+2.75 years). All
patients had scars. The mean serum zinc level in females
was 89.86 mcg/dl, while it was 90.15 mcg/dl in males.
Serum zinc levels of 12 patients was lower than normal
(<70 mcg/dl). The mean serum zinc levels of the chil-
dren were 89.98+24.61 mcg/dl. There was no significant
correlation among plasma zinc levels between the PPD
induration sizes with placebo and with zinc application
(r=0.139; p=0.167). The mean age of the children was
8.98+2.75 (min: 3, max: 14) years. When the mean PPD
indurations size of the children with placebo ointment
was 2.53+4.44 (min: 0, max: 20) the mean PPD indura-
tions size with zinc application was 3.55+5.67 (min 0,
max: 20) mm (p=0.001). The mean PPD indurations
size with zinc application was significantly higher than
that with placebo (p<0.001) (‘Table 1).

TABLE 1. Distribution of mean purified protein derivative-PPD
indurations size with zinc and placebo

PPD with PPD with p
placebo zinc
Mean valuexStandard 2.53+4.44 3.55+5.67 0.001*
Deviation (SD)
Min. 0 0
Median 0 0
Max. 20 20
*Wilcoxon Signed Rank test.
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FIGURE 1. Distribution of PPD indurations size with placebo
and zinc supplementation.

Seventy six percent induration of the responses to
PPD with placebo cream were smaller than 5 mm, while
22% were 6—14 mm and 2% were larger than 15 mm.
Induration responses to PPD with zinc ointment were
as follows: 71% were smaller than 5 mm, 21% were 6—14
mm, and 8% were larger than 15 mm (Fig. 1).

Of 100 children, 74 of did not show induration with
placebo or zinc cream application following PPD. Topi-
cal zinc cream application did not have an effect in non-
reactive tuberculin test. The remaining 26 children had
indurations larger than 0 mm. In this study, 26 of the
patients showed increases in PPD indurations, following
local zinc application. When 5 of them had a negative
PPD response in the placebo sites, PPD response was
evaluated as suspiciously positive following topical zinc
application. When 6 of them had indurations of6-14
mm in the placebo cream sites, they were measured as
positive (>15 mm) in the local zinc cream sites. Of 26
patients, 11 had significantly higher PPD induration
sizes on zinc cream sites than placebo cream sites. Apply-
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FIGURE 2. Subjects showing increased PPD indurations fol-
lowing zinc supplementation.

ing zinc creams modulated response of PPD by increas-
ing induration sizes (Fig. 2).

DISCUSSION

Zinc is essential for normal development and function of
cell-mediated immunity, neutrophils, and natural killer
(NK) cells. It is needed for DNA synthesis, RNA tran-
scription, cell division, and cell activation. Zinc deficiency
adversely affects the secretion and functions of cytokines,
which are the basic messengers of the immune system.
Zinc is involved in maturation and differentiation of T
cells. The gene expression of interleukin (IL)-2 and in-
terferon (IFN)-y are zinc dependent. IL-2 is involved in
the activation of NK and T cytolytic cells. IFN-y and
IL-12 together play a major role in killing of parasites,
viruses, and bacteria by macrophages—monocytes. Zinc
deficiency is associated with impaired phagocyte func-
tion, lymphocyte depletion, decreased immunoglobulin
production, reduced T4/T8 ratio, and decreased IL-2
production. Severe zinc deficiency is characterized by se-
verely depressed immune function, frequent infections,
bullous pustular dermatitis, diarrhea, and alopecia. Zinc
circulates at a concentration of 70-120 mcg/dl, with
60% percent bound to albumin and 30%tightly bound to
macroglobulin [7-13].

Low plasma zinc is usually defined as a value less
than 60 mcg/dl. Some investigators argue that plasma
zinc measurements are relatively insensitive and that
zinc levels in neutrophils and lymphocytes may be more
sensitive. The criteria for zinc deficiency is the decreased
zinc level either in lymphocytes (<50 mcg/10 cells) or in
granulocytes (<42 mcg/10cells) [14, 15].

Rao et al. performed a study on 50 volunteer healthy
adults. They evaluated serum zinc levels. They placed
PPD at the proximal sides of the palmar forearms and
placed Candida antigens at distal sides ofthe forearms.
They placed placebo cream in one forearm and zinc cream
in the other one. The indurations sizes were measured in
24, 48, and 72 hours. The induration size of PPD was
larger than 32% percentage of the zinc cream applied
arm. Topical zinc caused greater tuberculin skin test aug-
mentation in zinc deficient subjects. Zinc cream had no
effect on subjects with normal zinc levels. Skin tests with
zinc applications were significantly more likely to have
positive results than the contra lateral control skin tests
with placebo cream application (94% zinc, 76% placebo)
(16]. The main difference of this study from ours was
statistically significant difference in PPD responses of
patients with lower zinc levels; however, there was no dif-
ference in the patients within normal serum zinc levels.
In our study, there was a significant difference in PPD in-
duration sizes after local zinc application independently
plasma zinc levels. The similarity of our study with this
one was the evaluation of immunomodulatory effect of
using local zinc application to enhance PPD response.

Kwok et al. investigated the effect of topical zinc ap-
plication to increase the sensitivity of PPD. Of 58 el-
derly patients, 38 (66%) had negative reactions with
placebo ointment. Of these negative responders, 14
(37%) showed positive reactions with topical zinc oint-
ment, 12 (32%) had weakly positive reactions, and 12
(32%) remained negative. They determined that 37%of
patients with negative PPD had reacted as positive after
applying zinc cream ointment. There was no significant
difference in the plasma zinc levels between the differ-
ent grades of topical zinc effect in the negative respon-
ders [17]. Although this study was different because it
included eldetly people, it supported the findings of our
study because it had shown that topical zinc application
modulated the immune response.

Cuevas et al. investigated the differences of positive
PPD responsiveness in patients younger than 15 years
old. PPD was performed in patients at an interval of 2
years. The group receiving oral zinc application before
applying the test showed increase in positive respon-
siveness and indurations measurements compared with
the placebo group [18]. In this study patients were given
oral zinc supplements but, our patients were given topi-
cal zinc application, differently from the previous study.
However, the findings of both studies supported each
other because they revealed that zinc modulates the cell-
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mediated immune responsiveness.

Castillo-Duran et al. evaluated the immunity and de-
velopment after adding zinc application in 32 marasmic
infants. Half of the subjects were given 2 mg/kg oral zinc
during 3 months, and the other half were given placebo.
They evaluated PPD responses in the first and 90¢h day.
Before applying zinc, 33% of the patients showed positive
PPD results. After zinc application, 67% of the patients
showed positive PPD results. There was no significant
difference of PPD responsiveness in placebo group [19].
This study supported the immunomodulatory effect of
the zinc application for enhancing the PPD reactivity.

Kramer TR et al. investigated T lymphocyte prolif-
eration in 140 children aged 613 years by evaluating
the PPD responsiveness after oral zinc application with
25 mg/day during 6 months. The group receiving zinc
application showed significant increase in PPD respon-
siveness compared with the one receiving placebo [20].
This study differed from ours by systemic use of zinc
combined with vitamin A in a longer duration. However,
it also supported our findings that zinc application in-
creased the immunomodulatory effect.

Although PPD plays a major role in the diagnosis of
latent tuberculosis, nutritional status, immunity, chronic
illness of the patients, and environmental factors can
decrease its sensitivity. The incidence of tuberculosis in-
creases not only in adulthood but also in childhood. As
a result, the effect of zinc on PPD responsiveness gains
more importance in diagnostic approach. Although sys-
temic use of zinc application had been preferred in the
previous studies, we aimed to benefit from local zinc
cream application providing simple and inexpensive ef-
fect on enhancing the sensitivity of PPD for the diagno-
sis of the diseases.

We believe that future studies including more sub-
jects can support the sensitivity of PPD responses in the
cases with lower plasma zinc levels following topical zinc
applications. We recommend using local zinc ointments
without screening plasma zinc levels after performing
PPD, to enhance the sensitivity of the test so that we can
decrease the false-negative results. If we use the booster
effect of topical zinc after performing PPD, we can en-
hance tuberculin reactivity, causing optimal diagnostic

approach.
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