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The Mycobacterium tuberculosis (M. tb) infection is largely spread in world’s population. Most infected individuals develop latent
tuberculosis infection (LTBI). Tuberculin skin test (TST) and interferon-gamma release assays (IGRAs) are the available tests to
detect the infection. It has been reported that some individuals take a longer period of time to develop the infection than others
with the same exposure level. It is suggested that the innate immunity, in which neutrophils have an important protective role, is
responsible for this. Many hematologic abnormalities have been described as common findings during severe disease. To investigate
if these changes are related to LTBI development and if they interfere in TST and IFN-y production, we recruited 88 household
contacts of tuberculosis (TB) pulmonary patients and compared blood cell counts with these tests’ results. There were no statistically
significant changes in hemoglobin, hematocrit, platelets, global leukocyte, neutrophils, basophils, eosinophils, typical lymphocytes,
atypical lymphocytes, and monocytes counts between infected and noninfected individuals. Also, there was no correlation between
TST or IGRA and blood cell counts. These results suggest that blood cell counts are not LTBI markers and do not interfere in TST

results or IFN-y levels obtained by IGRA.

1. Introduction

Tuberculosis (TB) continues to be a public health problem
worldwide. The disease is one of the most important causes
of death from infectious diseases, and the infection with
Mycobacterium tuberculosis (M. tb) is also disseminated
throughout world’s population [1]. Brazil has notified the
highest number of TB cases in America for the last 10 years.
In 2010, there were estimated 85,000 new cases of TB, and
approximately 6,700 of them occurred in Bahia state [1, 2].
The transmission occurs by inhalation of droplets con-
taining the bacilli from pulmonary TB individuals, mainly
for their household contacts (HHCs) who are the most
exposed to the infection. Only 5%-10% of infected indi-
viduals develop active TB, and the remaining individuals

will develop latent tuberculosis infection (LTBI). The latency
represents a balance between intracellular bacilli survival and
host defense [3]. However, considering that the reactivation
of latent infection is related to a high percentage of cases
and significantly increases the transmission, diagnosing and
treating people with LTBI is crucial to control the disease
worldwide [4].

The most common test to detect LTBI is the tuberculin
skin test (TST) that basically consists in measuring the
delayed-type hypersensitivity reaction to purified protein
derivate (PPD). However, this test has a low specificity due
to the possibility of cross-reactivity to Bacillus Calmette-
Guérin (BCG) or exposure to nontuberculous mycobacterial
strains from the environment [5-7]. Detection of surrogate
markers that allow the infection diagnosis has been pursued.



Recently, a new sensitive and more specific test that has been
developed to diagnose the infection is known as interferon-
gamma release assays (IGRAs). This blood-based method
evaluates the T-cell response to bacilli antigens, including
ESAT-6, CFP-10, and TB7.7 [6, 8].

It is well documented that HIV-positive individuals have
an increased risk of developing active TB, and HIV infection
may have some influence on IGRAs performance [9, 10].
On the other hand, it has been suspected that some exposed
individuals take longer to be infected by M. tb compared
to others despite similar exposure levels. It is probably
associated to the possibility that the innate immunity may
clear the infection before the induction of the acquired T-
cell response [11]. Also, many hematological abnormalities,
such as leucocytosis, monocytosis, or anemia, have been
observed in TB patients, especially in severe disease, and may
be valuable markers to diagnosis [12-14]. However, there is
still a lack of available information about the relation between
the hematological status and the infection occurrence after
certain exposure to pulmonary TB patients (index cases). In
addition, the new IGRA test is based on the IFN-y release by
lymphocytes, which depends on a complex cell interaction.
Thus, this current study aim is to study possible hematologi-
cal changes in household contacts that may be related to LTBI
development and their influence upon IFN-y levels.

2. Materials and Methods

2.1. Survey Population. Eighty-eight TB household contacts
were identified from thirty-eight patients with pulmonary
tuberculosis (index cases). TB patients were recruited from
Hospital Especializado Octavio Mangabeira (HEOM), Sal-
vador, Bahia, Brazil, from March to August of 2007. All
participants signed a formal written consent, approved by
the Ethics Committee for Human Research, CEP-FIOCRUZ
number 92/2006. All TB index cases (ICs) and household
contacts (HHCs) were evaluated at baseline with standard-
ized questionnaires, and HHCs were submitted to TST
and chest radiograph. Blood samples for hematologic tests,
IEN-y assays, and HIV screening were obtained from all
donors at study entry. Household contacts were defined as
individuals who (1) had lived with the index case for at
least 15 days, (2) had apparent clinical health, and (3) had
normal chest radiograph. Exclusion criteria were active TB
in the past and HIV seropositivity. According to the TST
results, they were classified into two groups: TST-negative
and TST-positive. Individuals with induration >10 mm were
considered infected (TST-positive).

2.2. Tuberculin Skin Test (TST). After all blood samples were
collected for the hematological tests and IGRA, a TST was
carried out by the Mantoux procedure with 2TU of RT23
purified protein derivate (RT23 PPD) (Staten Serum Institute,
Copenhagen, Denmark). Reading was performed after 72
hours using the ball-point method [15].

2.3. Hematological Tests. Peripheral venous blood samples
were collected in tubes containing ethylenediamine tetra
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acetic acid (EDTA). Hematological tests were carried out
using commercially available kits and done in the lab of
HEOM using routine laboratory process.

2.4. Cell Culture and IFN-y Levels. The IGRA used was a
whole blood assay, the QuantiFERON-TB Gold In-Tube kit
(QuantiFERON-TB Gold In-Tube, Cellestis Ltd., Carnegie,
Australia), performed according to the manufacturer’s rec-
ommendations. Cells were cultured in vitro with specific
antigens: ESAT-6, CFP-10, and TB7.7. Samples were then
incubated for 16-24 hours, centrifuged, and its supernatant
were collected and stored in —80°C until use. IFN-y levels
in culture supernatants were assessed by ELISA. A positive
test was defined as IFN-y blood concentration >0.35 interna-
tional units (IUs)/mL [16].

2.5. Statistical Analysis. Correlations were established by
Mann Whitney U test. Statistical differences were considered
significant when P < 0.05. All statistical tests and graphs
were performed by GraphPad Prism 5.0 (GraphPad software,
San Diego, CA).

3. Results

3.1. Household Contacts’ Characteristics. Out of 38 TB pul-
monary index cases, 88 household contacts were identified, in
an average of 2.31 contacts per index case. Thirty-eight HHCs
were considered uninfected (TST-negative), while 42 were
considered infected (TST-positive) with the TST conversion.
Eight HHCs were excluded from analysis because they did
not return for TST measurement. Agreement between the
TST and IGRA was 57.1%. Out of the 42 TST-positive
individuals, 24 had also a positive IGRA test (Figure 1).

Among all contacts, 56 (63.64%) were women. The
mean + SD age was 2.8 + 1.8 years for 0-5 years old
individuals, 11.4 + 3.3 for 6-15 years old ones, and 36.1£13.9
for those who were older than 15 years. Most HHCs were
mulatto (34.1%) or black (50%). BCG scar was present in 62
HHCs (70.4%). In relation to the number of people/home,
39 (44.3%) HHC:s lived in a house with one to three people,
28 (31.8%) with four to five people, and 21 (23.9%) lived
with six or more people. Seventy-six HHCs (86.4%) had no
previous contact when traced, and the higher mean exposure
time was found in 12 HHCs with exposure time >7 months.
Most HHCs were first-degree relatives of the index case
(68.9%) (Table 1).

3.2. Hematological Profile. Comparisons of hematology tests’
values are shown in Table 2 for both TST-negative and TST-
positive and in Table 3 for both IGRA-negative and IGRA-
positive individuals, respectively. Comparing the hematology
results of 80 TST-negative and TST-positive individuals,
the median values were similar for hemoglobin, hemat-
ocrit, and platelets. Global leukocyte, neutrophils, basophils,
eosinophils, typical lymphocytes, atypical lymphocytes, and
monocytes counts were also similar for TST-negative and
TST-positive (Table 2).

Similar to TST-negative and TST-positive comparisons,
there were no significant differences in the median values
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FIGURE 1: Flow chart showing the distribution of TST and IGRA result. TST: tuberculin skin test; IGRA: interferon-gamma release assay.

TaBLE 1: Demographic characteristics of household contacts of
pulmonary tuberculosis patients included in the study (n = 88).

Characteristic n (%) Mean + SD
Age — 283 +16.9
Gender

Male 32 (36.4) —

Female 56 (63.6) —
Self-definition

White 11 (12.5) —

Mulatto 30 (34.1) —

Black 44 (50.0) —

Refused to classify 03 (3.4) —
BCG scar presence

Yes 62 (70.4) —

No 26 (29.6) —
Index case first-degree relative

Yes 60 (68.2) —

No 28 (31.8) —
Previous contact tracing

Yes 12 (13.6) —

No 76 (86.4) —
Exposure time

0-1 month — 0.85+0.34

2-6 months — 3.65 £ 1.56

>7 months — 12
Household per home

1-3 39 (44.3) —

4.5 28 (31.8) —

>6 21 (23.9) —

BCG: Bacille Calmette-Guérin; SD: Standard deviation.

for hemoglobin, hematocrit, platelets, global leukocyte, neu-
trophils, basophils, eosinophils, typical lymphocytes, atypical

lymphocytes, and monocytes counts between IGRA-negative
and IGRA-positive individuals (Table 3).

3.3.  Neutrophil-Lymphocyte and Monocyte-Lymphocyte
Ratios. Comparing neutrophil-lymphocyte (N/L) and
monocyte-lymphocyte (M/L) ratios, which are considered
sensitive detectors for tuberculosis infection [17], to IFN-y
production levels, there were no linear correlations between
IEN-y levels and these ratios (Figures 2(a) and 2(b)).
Apparently, for higher numbers of neutrophils in relation
to lymphocytes, there is a slight reduction of IFN-y levels
detected by IGRA. On the other hand, IFN-y levels increased,
but not significantly, when M/L ratio is higher.

3.4. Correlation between IFN-y Production and Blood Cells.
To determine the correlation between IFN-y levels and cell
counts, we individually compared each cell count to IFN-y
production levels. There were no significant differences in
monocytes, eosinophils, basophils, and typical lymphocytes
counts compared to different IFN-y production (Figures 3(a),
3(b), 3(d), and 3(e)). However, at higher amounts of IFN-
y, the number of neutrophils slightly decreased. Thus, there
was a negative linear correlation between IFN-y production
and neutrophils counts, but it does not reach statistical
significance (Figure 3(c)).

4. Discussion

This is the first study that evaluated the correlation between
hematological profile, TST, and IGRA in latent tuberculosis
infected individuals. Different authors have compared IGRA
test to TST in LTBI diagnosis in household contacts, but no
one has analyzed the influence of the hematology in these
tests.

As IGRA is based on the stimulation of sensitized T-
lymphocytes followed by measurement of interferon-y pro-
duced by CD4 T-cells, we excluded HIV-positive individuals
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TABLE 2: Hematological tests and TST result. Median and range of the values for hematological tests and TST result of household contacts
(n = 80).

Variable TST < 10 mm TST > 10 mm p
Median Range Median Range

Hemoglobin (g/dL) 13.80 10-19.8 13.70 11.6-15.8 0.686
Hematocrit (%) 39.70 33.5-59.9 40.60 34.5-87.4 0.992
Platelets (mm”) 289.000 169.000-532.000 305.500 172.000-441.000 0.458
Global (mm?) 6.950 2.200-13.600 6.450 4.100-15.900 0.372
Neutrophils (mm”) 3.743 1.204-8.094 3.558 1.377-7.204 0.689
Basophils (mm®) 26.35 0-228 22.20 0-206 0.693
Eosinophils (mm”®) 192.30 0-1.406 290.50 0-1.919 0.221
Typical lymphocytes (mm®) 2.424 0.240-5.572 2.147 0.806-13.106 0.058
Atypical lymphocytes (mm®) 0 0-17.50 0 0-59.85 0.630
Monocytes (mm?®) 536.20 65-2.033 522.50 153-1.113 0.859

Mann Whitney U test. TST: tuberculin skin test.

TaBLE 3: Hematological tests and IGRA result. Median and range of the values for hematological tests and IGRA result among household
contacts of patients recently diagnosed as pulmonary TB (n = 88).

Variable IGRA-negative IGRA-positive p
Median Range Median Range
Hemoglobin (g/dL) 13.55 10.5-19.8 13.85 10-15.6 0.301
Hematocrit (%) 39.45 31.1-87.4 40.75 34.5-45.9 0.184
Platelets (mm3) 293.500 169.000-532.000 302.500 172.000-441.000 0.878
Global (mm3) 6.950 2.200-13.600 6.650 4.500-15.900 0.467
Neutrophils (mm®) 3.882 1.204-8.100 3.562 1.472-5.928 0.570
Basophils (mm®) 26.95 0-228 17.90 0-126 0.217
Eosinophils (mm3) 206.9 0-1.704 306.9 0-1.919 0.178
Typical lymphocytes (mm”) 2.403 868-9.520 2.191 1.093-3.672 0.190
Atypical lymphocytes (mm®) 0 0-50 0 0-18 0.989
Monocytes (mmS) 542.0 65-2.033 505.70 153-1.113 0.280
Mann Whitney U test. IGRA: interferon-gamma release assay.
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from this study. Recent studies have shown that there is a
strong correlation between low CD4 T-cell count and a low
mitogen response, and it has implications for LTBI diagnosis.
In patients with low CD4 cell count, there was an increased
proportion of both indeterminate and false negative IGRA
results [10, 18, 19]. Furthermore, our objective was to identify
any hematological change directly related to LTBI infection in
household contacts and possible influence on IFN-y levels.

It was expected to find no great differences in periph-
eral blood. At a very early phase of infection, there is a
formation of just a few bacilli and granuloma. So, there
are no specific circulating blood cells. Some changes were
observed in circulating blood cells during disease. It has been
demonstrated that hematological abnormalities are detected
in severe pulmonary and in disseminated TB. Anemia, mono-
cytosis, basophilia, leukocytosis, leucopenia, and “leukemoid



reactions” are some of these abnormalities found [12-14, 20].
Otherwise, a recent study demonstrated that many patients
with TB presented normal blood inflammatory markers [21].
So, it is possible to consider that in a very initial phase
of M. tb infection, the blood cells profile may not reflect
the characteristical changes that appear during the infection
progress to disease [17]. Our study is in agreement with this
idea. There were no significant differences between hema-
tology data by comparing either TST-negative versus TST-
positive or IGRA-negative versus IGRA-positive individuals.
This result suggests that the hematological profile has no
interference in both TB infection diagnostic tests.

Some studies have shown that the N/L and M/L ratios are
reliable detectors of tuberculosis infection [17, 22]. We did
not find any relation between these ratios and IFN-y levels
obtained by IGRA, despite a slightly negative influence of
neutrophils in IFN-y amounts. Apparently, IFN-y increased
in individuals with high M/L ratios.

As neutrophils showed a negative effect on IFN-y release,
they may be important in TB infection control. These cells
are persistently recruited and accumulated in the sites of
infection, with a T-cell-independent peak on the first day and
a T-cell-dependent peak after 8-15 days and lasting until the
end of the infection [23]. However, neutrophil protective role
in host response to mycobacteria remains unclear. Multiple
functional roles have been suggested, like alternative antigen
presentation for T-cells, release of chemokines, and induction
of granuloma formation [24-28]. There is no consensus
about neutrophil antimicrobial activity. Some in vitro studies
have demonstrated that neutrophils may be activated by
soluble mycobacterial antigens and are capable of controlling
mycobacteria growth in cultures [29, 30]. Other studies
have evidenced a cell-cell cooperation of neutrophils and
macrophages. It was shown that neutrophil components
increased in vitro antimycobacterial activity of peritoneal
macrophages [31]. Recently, it has been demonstrated that
apoptotic neutrophils may be phagocytized by macrophages
infected with mycobacteria, and thereby these macrophages
acquire neutrophil antimicrobial peptides [32]. In contrast,
the inability of human neutrophils to kill M. tb independently
of cytokine activation was reported and also that the M. tb
bacilli were not found in association with neutrophils [23,
33].

A recent work demonstrated an inverse relation between
M. tb infection risk and peripheral neutrophil count. African
TB contacts were more susceptible to develop the infection
because they had lower neutrophil counts and lower serum
concentrations of HNP1-3 and lipocalin 2 than South Asian
and white individuals [11]. In our study, we did not observe
significant differences in neutrophil counts related to TST
and IGRA results, and it was not related to ethnicity. It
is known that both IFN-y and IL-17 producing T-cells are
induced in mycobacterial infection and that IL-17 is an active
recruiter of neutrophils to infectious foci. It has been shown
that IFN-y controls the induction and proliferation of IL-
17 producing cells [34]. Maybe IL-17 levels and neutrophil
counts are increased in the acute phase of infection and that
an increased IFN-y production may limit the expansion and
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production of IL-17 producing cells in periphery and thereby
decrease neutrophils counts in a latter phase.

Although there was no correlation between TST or IGRA
and blood cell counts, these results should be interpreted
carefully. As there is no gold standard for the diagnosis of
LTBI, the TST is used as a standard diagnostic tool to assess
TB infection in Brazil. TST may have a low specificity among
BCG-vaccinated persons [35] as in this study population.
However, we previously demonstrated in another study using
the same population that prior BCG vaccination did not
influence the outcome of TST results [36]. Furthermore,
both tests do not discriminate recent from past TB infection.
Thus, TB infection is not uncommon among people who live
in high-transmission setting such as Salvador, Brazil. It is
possible that the same study participants were exposed to M.
tb in the past and that these results may not reflect a recent
infection, contributing to the lack of correlation between TST
or IGRA and blood cells count.

Finally, the effect of LTBI on peripheral blood cells turn-
over, especially lymphocytes and monocytes, has been ham-
pered by the lack of data in the literature. The large variation
in T-cell turnover was reported in HIV infection. In this
study, it was postulated that decreased production and
peripheral turnover cells cause T-helper cell depletion [37].
The clinical consequences of increased cell turnover could
be measured by anemia and hypermetabolism leading to
fatigue, weakness, weight loss, and anorexia. No clinical signs
were reported in this LTBI population. Thus, we believe
that the blood cells turnover rate can be restricted to the
site of infection and might be relevant in progression to TB
disease; however, this cannot be detected in peripheral blood
of infected individuals.

5. Conclusion

In summary, there was no significant interference of hem-
oglobin, hematocrit, and platelets values, as well as monocyte,
eosinophil, basophil, lymphocyte, and neutrophil counts
on TST or IFN-y production. Neutrophil-lymphocyte and
monocyte-lymphocyte ratios were not related to IFN-y levels.
It is not known yet if neutrophils have direct bactericidal or
other immunological functions in mycobacterium infection.
The negative linear correlation between INF-y levels and
neutrophil counts supports that IEN-y increasing levels are
related to neutrophil decreasing counts. In conclusion, blood
cell counts are not LTBI markers and do not influence TST or
IFN-y production in LTBI.
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