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ABSTRACT The tuberculin skin test (TST) is used to detect latent Mycobacterium tuberculosis infection. WHO
guidelines recommend 10mm as tuberculosis (TB) infection threshold for high risk individuals and 15mm for persons
with no risk factors for TB. Nigeria is one of the 22 high burden countries for TB and her population is at risk of
exposure to the TB germ. In an attempt to investigate indigenous TST indurations in a local population, 200
apparently healthy new students of tertiary institutions and other residents of Calabar - Nigeria metropolis that
required the test for routine medical examination were examined. Each subject was injected intradermally with 0.1mL
of 5TU of purified protein derivative (PPD) into the dorsal surface of the forearm. Indurated areas were measured
after 48-72 hours of administration and results expressed in millimeters. 200 smear positive TB patients receiving
treatment at the treatment center of the National TB Control program were used as the reference group. Results were
statistically analysed using Chi square and T-test. Data obtained from the apparently healthy group show that
approximately 31% of the individuals had indurations measuring 5-7mm while 29% were non-reactive. At least 25%
of these individuals had indurations of >10mm compared to 95% of TB patients. Nine (4.5%) of TB patients have
indurations <10mm. The results of this study imply that at least 25% of the healthy subjects are at risk of progressing
to active disease when exposed to conditions that lower the individual’s immune status.

INTRODUCTION

Tuberculin skin testing (TST) is a delayed
type hypersensitivity reaction in form of
induration seen at the test site of an individual
sensitized to the tuberculin antigen. It is the
principal means of detecting latent M. tuberculosis
infection. TST is also used widely to confirm clinical
suspicion of TB especially in children living in
less developed countries, where laboratories are
ill equipped. It has been used to estimate the
burden of the disease in epidemiological studies
(Snider 1982). Screening for tuberculosis infection
is recommended for asymptomatic high risk
persons including persons infected with HIV,
contacts of persons with active TB, immigrants
from high TB burden countries, persons of low
socioeconomic status among others (CDC 1994;
Green 1994). In some populations, screening for
TB infection is required by law (CDC 1993).  A
high percentage of people living in developing
countries like Nigeria also live in conditions of
social deprivation, with no access to adequate
medical care.

The rationale for detection of tuberculosis
(TB) infection in these groups is to provide clinical
intervention in individuals that meet set criteria
in order to prevent the development of TB disease
(ATS 1994). On the basis of observational data
and expert opinions in the USA, minimal criteria
for defining TB infection have been set for various
groups of persons: 15mm diameter for low-risk
individuals, 10mm for high risk individuals
(immigrants, persons of low socio-economic
status, people with conditions that increase TB
risk, etc) and 5mm for persons at very high-risk
(HIV infected persons, contacts of TB patients,
etc) (CDC 1995).  Our study of tuberculin reactions
in an indigenous population was an attempt to
provide data on baseline indurations in the
population. Currently, no data exist on reactor
rates for our population.

MATERIALS  AND  METHODS

Study Population: Subjects for this study
were drawn from a healthy population and
comprised new entrants into tertiary institutions
that were undergoing routine medical examination
as part of their admission requirements as well as
other residents of Calabar that visited the
Infectious Disease Hospital (IDH) for routine
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medical examinations. The students were from
various parts of the country where they resided
until their recent residence in Calabar. They
represent an Eastern Nigeria population. The
control group (TB patients) comprised persons
resident in Calabar that were receiving treatment
from the National TB Control Programme treatment
centre.

Sample Size: Four hundred subjects were
studied: 200 apparently healthy individuals and
200 Smear positive TB patients.

Demographic Data: Information on the
demography and other relevant data required for
the study were collected through the
administration of questionnaires.

Mantoux Test: In the healthy population, this
test was performed using 5TU of the purified
protein derivative (PPD) (BB-NCIPD Ltd, Sofia,
Bulgaria). With the aid of a disposable tuberculin
syringe, a volume of 0.1mL of the antigen was
injected intra-dermally into the dorsal surface of
the forearm of each individual. The test was read
after 48-72 hours of administration and the size of
the indurated area was recorded in millimeters.
For the control group, the TST indurations of the
individuals were obtained from medical records
of the patients at the IDH (Infectious Diseases
Hospital), Calabar.

Analysis of Results: Results were statistically
analysed using Chi-square and t-test.

RESULTS

The readings obtained from indurated areas
following the administration of 5TU of purified
protein derivative (PPD) on healthy individuals
and TB patients are shown in Figure 1. The
frequency of occurrence of tuberculin sizes
shows that 29% of apparently healthy individuals
were non-reactive to the tuberculin antigen. The
most frequent tuberculin size range among
apparently healthy individual was 5-7mm (31%)
while that in TB patients were 10-12mm (36%)
and 13-15mm (31%).  Tuberculin sizes in about
18% of apparently healthy individuals ranged from
10-12mm. The induration area of 10 mm provided
by the CDC as diagnostic of TB infection in high
risk groups was used as threshold in the tested
population. Table 1 shows that 75% of the
apparently healthy individuals had indurations
below 10 mm compared to 4% of TB patients.

Table 1: Association between TB patients and
apparently healthy individuals induration sizes
to tuberculin skin testing.

Induration size < 10 mm >= 10 mm Total

TB patients 8 (4%) 192 (96%) 200
Apparently 150 (75%) 50 (25%) 200
  healthy individuals

Total 158 (39.5%) 242 (60.5%) 400

Fig. 1. Frequency distribution of tuberculin size among TB patients and apparently healthy
individuals in Calabar
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Indurations of 10 mm or more were found in 96%
of TB patients and 25% of healthy individuals.
The tuberculin sizes obtained from healthy
individuals and TB patients were plotted on a
scatter graph (Fig. 2) using 10 mm as threshold
for infection. The mean value for indurations for
TB patients was 14.5 mm while that of healthy
group was 5.5mm. Indurations for TB patients
were significantly higher than indurations for
healthy subjects (P< 0.05). Two apparently
healthy individuals in this study have tuberculin
sizes of >15mm.

Irrespective of gender, the mean of the areas
of induration among healthy individuals was 5.5
mm while that of patients was 14.5 mm. There was
no statistical significance (P> 0.05) between
gender and size of area of induration in both TB
patients and healthy individuals. However, 4.6 %
of the 108 males compared to 3.3 % of the 92
female TB patients had indurations of less than
10 mm. Similarly, indurations of >= 10 were
observed in 95.4% males while 96.7% females had
indurations above 10 mm (χ2 = 0.24). Among the
healthy individuals, 74% of males and 76% of
females had indurations of < 10 mm while 26 %
and 24% respectively of males and females had
indurations of >= 10 mm. (χ2 = 0.107).

In this study, there was a strong correlation
between age and the distribution of TST
indurations among TB patients and the apparently
healthy individuals (P< 0.05).  Among TB patients,
29 (14.5 %) were aged =< 15 years, 74 (37%)
between 16 and 30 years, and 97 (48.5%) above
30 years, and of the 200 apparently healthy
individuals, 27 (13.5%) were aged =< 15, 139
(69.5%) between 16 and 30 years, and 34 (17%)
above 30 years (Ç 2 = 50.2) (Table 2).

Age (years) =< 15 > 15 - =< 30 > 30 Total

TB patients 29 74 97 200
Apparently 27 139 34 200
  healthy
   individuals

Total 56 213 131 400

Table 2: Age distribution of apparently healthy
individuals and TB patients

DISCUSSION

A positive TST is the only evidence of latent
tuberculosis infection and the larger the
tuberculin reactivity, the higher the risk of
progression to active tuberculosis (Kheder et al.
2000). In this survey of tuberculin reactions

Fig. 2. Scatter graph showing threshold of induration size at 10mm among TB patients and
apparently healthy individuals in Calabar
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among a healthy Nigerian population, we
compared TST reactor rates in an indigenous
Nigerian population to those found in smear
positive TB patients. There is no known study
providing such data currently. Data obtained from
this study are expected to provide some insight
into the reservoir of reactivation TB in the healthy
population.

Taking into account the mean of both
apparently healthy individuals and TB patients
(5.5 mm and 14.5 mm respectively) in this study,
the 10mm indurations of TST prescribed for TB
infection in high risk groups remains a strong
indicator (p < 0.0005) of TB infection/disease in
Calabar. The percentage of tuberculin reactors
with indurations of >10mm (25%) among our
healthy subjects demonstrate that there is a milieu
for reactivation tuberculosis in this population
particularly in the presence of factors such as
HIV infection, poverty, malnutrition, poor housing
conditions among others. According to Brooks
et al. (2004), 90% of persons with 10 mm
indurations have M. tuberculosis infection and
the lifetime risk of reactivation tuberculosis is 20%
or more among such persons.

Evidence abound that there is increased
reactivation of latent tuberculosis and increased
transmission of it due to the immunodeficiency
associated with HIV disease (Katz 1997). However,
whether or not a particularly infected person will
become ill is impossible to predict with certainty.
Nonetheless, it has been estimated that 5% of
infected persons take ill within 12 – 24 months of
being infected; another 5% heal initially but, after
years or decades, develop active tuberculosis
either in the lungs or elsewhere in the body.

The HIV epidemic has increased the need for
detecting and treating latent M. tuberculosis
infection. Unfortunately, despite the fact that the
best public health strategy is to prevent disease
before it develops, for reasons bordering on cost,
latent TB is not treated in the poorer developing
countries. In this study, a significant proportion
(39%) of apparently healthy individuals had
indurations between 5 and 10 mm. Nigeria is
endemic for tuberculosis and most individuals
may have been exposed to the TB germ during
the course of their lives. Cross-reacting atypical
Mycobacteria as well as Bacilli Calmette-Guerin
(BCG) vaccination can also produce intermediate
size reactions (ATS 1990; Mellor 1985). However,
BCG vaccination is unlikely to produce the size
of indurations in this study as most of our

subjects in this study were adults and may have
lost the immunity acquired from BCG (Skotniski
1993; Snider Jr. 1985). Without compromised
immune status, the threat of progression to active
disease in these individuals may be minimal. Of
the 36% apparently healthy individuals that had
< 5 mm indurations, 29% were non-reactive. While
this may indicate lower likelihood of progression
to active or inactive disease (CDC 1995), anergy
to PPD is a common feature among HIV infected
individuals and this does not preclude to
developing the disease (Toivgoogiin et al., 2005).
Although retesting is sometimes recommended
for negative results, this study did not follow up
TST negative individuals to skin test for anergy.
Detection of latent TB is essential for HIV infected
persons because the rate of reactivation for such
individuals has been put at 10% annually
compared to lifetime risk of 5-10% in HIV sero-
negative individuals.

This study showed no relationship between
gender and area of induration among apparently
healthy individuals or TB patients This may imply
that while the incidence of TB may be higher among
male than female (Lienhardt et al. 2003; Lienhardt
et al. 2005), immune reactivity which is a
physiological process may not be gender
dependent. In a study conducted among
attendees at a methadone clinic, MacGregor et al.
(1994) observed that gender was not strongly
correlated with tuberculin reaction sizes. This
study demonstrated a correlation between age
and size of induration, implying an annual
increase in infection due to reservoir of M.
tuberculosis or mycobacteria other than
tuberculosis (MOTT) in the environment.
According to Lienhardt et al. (2003), the risk of
being tuberculin skin test positive increases with
age, implying that the 27% of apparently healthy
individuals above 15 years with TST >= 10 mm in
this study are more likely to develop the disease
with increased age. The ages when infection is
more likely to yield active disease are infancy,
aged 15 - 25 and the elderly year (Brooks et al.
2004). The 16 apparently healthy children aged
>= 5 years in this study where contacts of TB
patients or children being investigated following
clinical suspicion of TB. Eleven of them were none
reactive to the tuberculin antigen, however
induration of 10 to 12 mm were observed in two
cases. Thirty-five of the forty one adult that were
none reactive were aged between 16 and 30 years.
The reason for this uncertain lack of encounter
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with the TB germ though possible is unlikely in
an endemic country like Nigeria. Anergy to the
TB germ is a frequent feature of HIV infected
persons. HIV status of individuals was not
investigated.

CONCLUSION

The apparently healthy individuals of this
study though not contagious, do form a pool of
infected patients who may progress to active
disease at a later date. The prevention of active
tuberculosis through the treatment of latent
tuberculosis infection could be a major element
of the national strategy for eliminating
tuberculosis. Targeted treatment for persons who
are at the highest risk for reactivation tuberculosis
will be needed to achieve this goal (Horsburgh
2004). Therefore, there is need for increased
facilities for diagnosis, and targeted screening
and treatment of this population. In this study,
the group at the highest risk of reactivation TB
comprises the 1% of healthy individuals whose
indurations are ≥15mm, similar to the mean
indurations for TB patients.
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