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In the summer of 2011, an outbreak of Mycobacterium tuberculosis infection was suspected, and widely
publicized, to have occurred in a maternity ward of an Italian University Hospital based on a case of
tuberculosis in a nurse and another case in a newborn. More than 1300 newborns in the Hospital were
surveyed for the occurrence of latent TB by the use of interferon-gamma released assays, which was
positive in 118 newborns, all negative at the tuberculin skin test. We present here several theoretical
arguments and literature data suggesting caution in interpreting the interferon-gamma released assays
positivity alone as indication of latent TB infection in newborns.

Keywords: Latent tuberculosis, Interferon-gamma release assays, Tuberculin skin test, Newborns, Trogocytosis, Chimerism

The Event
In the summer of 2011, the occurrence of a large

outbreak of Mycobacterium tuberculosis (MTB) trans-

mission was suspected in the maternity ward of a large

Italian University Hospital. The suspected index case

was a smear-positive nurse with clinically and micro-

biologically confirmed diagnosis of pulmonary tuber-

culosis (TB). Noteworthy, a case of pulmonary and

extrapulmonary (spleen) TB in a four-month-old

infant was suspected to be linked to the index case.1

Immediately after TB diagnosis, a protocol for

epidemiological investigation and adoption of pre-

ventive measures was established by an ad hoc task

force of hospital infection specialists and public

health officers. Extensive contact investigations in

newborns for latent TB infection (LTBI) were

initially made by the use of Quantiferon TB Gold

in-tube (QTF-IT) rather than the tuberculin skin test

(TST, Mantoux reaction) for the reasons detailed

below. Nevertheless, a group of the children initially

tested with QTF-IT were also subsequently tested

with TST at a later stage of the surveillance program.

Overall, a total of 1340 newborns were tested and

118 (9%) were positive to QTF-IT while all resulted

TST-negative. With the exclusion of the mentioned

infant who was identified with active TB, no other

case of TB has been diagnosed so far (For a full and

accurate description of the event, see Ref. 1).

This event received a great deal of attention by the

Italian health officials and the media which, more or

less consciously, fostered the concept that an

extensive outbreak of MTB infection had indeed

occurred at this Hospital, representing the first

outbreak of this extension in an Italian Hospital

and perhaps elsewhere. Consequences of this event,

included severe parental and public distress, the need

for increased funding for screening and surveillance

and last but not least harsh public controversies

about the real significance of tests used for identifying

newborns with latent TB and, consequently, over the

need and extension of TB prophylaxis

Discussion
The decision to use QTF-IT in the screening for MTB

infection was taken because of a supposed lower

sensitivity of TST, a lower accuracy of TST in low

and middle income countries in children and also

because testing by QTF-IT did not require a second

visit as for TST.1 The absence of precise estimates of

QTF-IT sensitivity and specificity in neonates and

infants (,2 years old children) in current literature is

of serious concern, and actually implies inability of

accepting a single, isolated positive QTF-IT result as

indicative of LTBI in this age setting. In one of the

very few studies in this area that was conducted in aCorrespondence to: Dr Antonio Cassone; Email: antonio.cassone@iss.it
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relatively large population of young children in South

Africa,2 TST and QTF-IT assays demonstrated an

excellent correlation (94%). According to this study

the sensitivity and specificity of both assays was

comparable, namely 38 and 81% for QTF-IT and 35

and 84% for TST. By even accounting for the large

differences in the age, social environment, local

prevalence of MTB infection and other factors that

could potentially affect QTF-IT versus TST testing,

to our knowledge there is no reported case in the

literature showing such a substantial discrepancy

between Quantiferon-based assays and TST as the

one noticed in this event (i.e. 100% QTF-IT positivity

versus 0% positivity by TST).

Several additional considerations seem to be

appropriate to this case. First, it is surprising that

no direct correlation could be shown between QTF-

IT positivity rate and month of birth, as would be

expected in the scenario of an increasing infectiousness

of the index case by time. Second, there was con-

currence between potential exposure and birth. The

possible exposure timeframe was therefore limited

to a couple of days maximum in most children.1

Henceforth, the likelihood/risk of infection under this

setting would be estimated to be very low. In fact, this

is supported by previous work showing that in closely

similar events, no or very few infants were infected).3–6

A third aspect that is surprising and not in agreement

with the possibility of an ongoing sequential transmis-

sion from a single source (nurse) to newborns in a

nursery is the observation that there was one single

case of TB disease among exposed newborns, com-

pared to an estimated rate of infections of 9%

occurring based on QFT-IT alone. Indeed, a some-

what higher rate of disease occurrence would be

expected in newborns with immature immune system.

Finally, in a recent meta-analysis conducted on studies

enrolling 26 680 participants, which also included

children, demonstrated that in seven out of eleven

studies the positivity of interferon-gamma released

assays was lower than TST positivity.7

Thus, based on the above considerations, the dia-

gnosis of LTBI in newborns and infants who tested

positive for QTF-IT and negative for TST would be

neither warranted nor justified, and may derive from

pitfalls and unperceived sources of error associated

with the use of an indirect diagnostic technique in this

age setting. The use of QFT-IT for the diagnosis of

latent TB infection in newborns/infants necessarily

implies that interferon-gamma (IFN-gamma) produc-

tion by peripheral blood mononuclear cells (PBMCs)

revealed by the QTF-IT is generated by MTB antigen-

specific CD4z or CD8z T cells of infants. We

wondered whether there is any other possible explana-

tion of the event, i.e. the relatively high proportion of

infants testing QTF-IT-positive and TST-negative.

Namely, is there any possible production of IFN-

gamma by other cells of the newborn/infant, or by

non-MTB antigen-specific cells or even by non-infant,

but rather maternal MTB antigen-specific CD4 or

CD8 cells?

The Hypothesis
Starting from the above observations, we propose

a hypothetical different interpretation of the event

which extends to the potential everyday use of QFT-IT

testing in newborns and infants. Our hypothesis is

essentially based on the following cornerstones: (1)

IFN-gamma detected by QTF-IT in newborns may be

released by cells of the immune system other than the

MTB-specific CD4 or CD8 T effector or memory cells;

(2) these cells can not only be of newborn, but also be

of maternal origin. In both cases, the QTF-IT assay

results cannot be interpreted by themselves as suffi-

cient to diagnose latent TB infection.

The hypothesis below discusses potential different

aspects which alone or in combination could fully or

largely justify the event.

A first aspect to consider is that foetal lymphocytes

get in contact with maternal endothelial cells of the

antigen-presenting cell system at placental level (Fig. 1).

If maternal antigen-presenting cell system carries

mycobacterial antigens due to MTB infection they

may receive a specific immunological imprinting. A

relevant phenomenon here is the so-called ‘trogocytosis’,

i.e. a process whereby lymphocytes [B, T, and natural

killer (NK) cells] conjugated to antigen-presenting cells

extract surface molecules from these cells and express

them on their own surface. If newborn (CD4 or, CD8

lymphocytes incorporate MTB-recognizing T-cell recep-

tor, they could produce IFN-gamma following exposure

to dominant mycobacterial antigens.

A second relevant aspect is related to the so-called

‘chimerism’ phenomenon. It is established that cells

of maternal origin, including T cells, may be present

for some time in the infant bloodstream. If parts of

these cells are MTB-antigen specific due to maternal

latent TB infection, they will produce IFN-gamma

upon specific antigenic challenge which can be

revealed by a highly sensitive assay as QFT-IT. Of

note, both phenomena above may persist for a

limited and variable length of time in infants but

they are probably present and functional in most of

the newborns. In this case a positive QFT-IT test

would be a ‘true positive’ testing of maternal, not of

newborn/infant, PBMC thus implying that latent TB

is active in the mother, not in the offspring. A third

relevant aspect is that the IFN-gamma measured by

the QTF-IT test may well be produced by other

effector cells which do not necessarily belong to the

T-cell lineage and are non-MTB antigen specific. A

major candidate in this respect would be NK cells.8
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Although in the absence of specific studies it is

impossible to quantify the potential contribution to the

event by any of the three factors above, the overall

hypothesis is supported by a number of literature evi-

dences, as detailed below, ad suggests that any positive

QTF-IT in infants/newborns should actually include

information on ‘which’ and ‘whose’ cells actually

are responsible for IFN-gamma production.

The placenta hosts cells belonging to the maternal

immune system (macrophages, dendritic cells, NK

cells and B and T lymphocytes); it is therefore

plausible that the placenta represents and important

site for trafficking between maternal and foetal

immune systems.8,9–11

Naive cells from the cord blood produce IFN-

gamma, IL-5, IL-13 (at low levels) if stimulated by

PPD in vitro.12 Similarly, low levels of IFN-gamma,

IL-10 and IL-5 are produced by cells from the cord

blood after stimulation with BCG in vitro.13 In

addition, IFN-gamma, IL-10, IL-12, and low levels

of IL-13 and IL-5 but no IL-4 were produced by cord

blood mononuclear cells after stimulation with BCG.

Intracellular staining showed that IL-10 and IL-12

were produced by monocytes and that IFN-gamma

was produced by NK cells but not by CD4(z) or

CD8(z) T cells as in the adult immune response.14

Although the cord blood is a mix of foetal and

maternal cells and does not reproduce a uniquely

foetal response, the data warrant consideration also in

view of the relative proportion of NK cells and T cells

in the infant blood (with NK cells equaling CD8zT

cells), of the direct binding ability of MTB to NK cells

in vitro,15,16 of the specific recognition of NK cells of

MTB antigens17 and of the demonstration that ESAT-

6 induces IFN production by bovine NK cells.18

Overall, interpretation of the results according to these

reports and data points to a potentially relevant

involvement of NK cells as IFN-gamma producing

cells in newborn/infant PBMC assayed with QFT-IF.

The IFN-gamma response to BCG and MTB

antigens is increased in HIV negative un-infected and

un-exposed newborns compared to newborns from

HIV positive mothers.19 This, in our opinion, confirms

that the immune memory of the newborn can be

affected in utero by the asset of maternal antigens.

In a murine model a higher IFN-gamma response

can be obtained from neonatal lymphocytes stimulated

in vitro in the offspring of mothers exposed to

mycobacterial antigens compared to the offspring of

unexposed mothers.20 Neonatal vaccination of the

offspring of exposed mothers elicited greater protection

from experimental challenge compared to controls.

This effect has been put in association with the transfer

of antigens administered to the pregnant mother to

placental and foetal tissues. This observation might be

consistent with the fact that pregnant women who have

latent TB infection transfer mycobacterial antigens to

the newborn in utero through the placental barrier, or

that trogocytosis or chimerism are active in these cases.

Offspring of mothers infected with mumps or

toxoplasmosis during pregnancy develop antigen

specific memory T cells.21 However, it is described1

Figure 1 A schematic illustration of the different biological phenomena of mother-newborn immune interaction which can

theoretically affect newborn immune responses to microbial antigens.
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that in the TB setting the mothers were not acutely

infected during pregnancy, though they might have

had latent infection.

Interestingly, a study conducted in 10 mother/

newborn pairs in Ethiopia demonstrated a full consis-

tency between lymphocyte responses to Mycobac-

terium leprae antigens in the mother and the newborn

at birth (i.e. when the mother showed sensitization, the

newborn did too).22 At that time this phenomenon was

attributed to the passage of a soluble lymphocytic

factor from the mother to the newborn through the

placenta. Since maternal chimerism, NK cells, or

trogocytosis were not yet known at that time, a

revisitation of those results would rather point to a

common mechanism for mycobacterial reactivity in

children born to infected mothers, which would entice

one or more of the mechanisms discussed above.

Conclusion
Our hypothesis could be at least in part validated or

rejected by simple, though often ethically and logisti-

cally difficult, experiments: (1) testing by QTF-IT and

TST the mothers of the 118 neonates potentially

exposed to the index case and resulting QTF-IT

positive; (2) by retesting by QTF-IT the subjects at a

distance of time; (3) by evaluating subset reactivity (T

and NK cells) to QFT-IT in children (newborns/

infants) born to TST-negative mothers. Our hypoth-

esis warrants that, in the absence of exposure to MTB,

at least the majority of those mothers are TST (and

QTF-IT) positive and that the QTF-IT is expected to

become negative in these infants.

In a nutshell, we wish here to draw attention to the

high risk of misinterpretation of the results of

excessively sensitive immunological assays to assess

LTBI in children, particularly in newborns and young

infants. Several alternative explanations exist in new-

borns and young children to support that IFN-gamma

production detected by those assays may not be

generated by MTB antigen-specific T cells of the

newborn, consequently invalidating the assumption of

LTBI in these subjects. Ideally, before assuming the

diagnosis of latent TB infection with all consequent

public health actions, any QFT-IT positive result from

newborn/infant should be accompanied either by a

concomitant validated assay such as TST or by proof of

absence of contaminating maternal cells/maternal anti-

genic material and of other IFN-gamma producing

cells. Studies on these aspects, as well as on the true

predictive value for TB of the available diagnostic tools

(which are uniquely based on host immune response

without evidence for pathogen activity7) should be

strongly encouraged and implemented by public health

authorities. This would greatly help avoid uncertainties

on data interpretations regarding both diagnosis of

latent infection and actual risk of developing TB.
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