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ABSTRACT: Highly active antiretroviral therapy (HAART) greatly reduces the risk
of developing tuberculosis for HIV-infected persons. Nonetheless, HIV-associated
tuberculosis continues to occur in countries where HAART is widely used.
To identify the characteristics of HIV-infected persons who develop tuberculosis in
the context of the availability of HAART, the current authors analysed data taken from
271 patients diagnosed, in Italy, during 1999–2000. These patients represent 0.7% of
the 40,413 HIV-infected patients cared for in the clinical units participating in this
current study.
From the data it was observed that 20 patients (7.4%) had a previous episode of
tuberculosis whose treatment was not completed. Eighty-one patients (29.9%) were
diagnosed with HIV at tuberculosis diagnosis, 108 (39.8%) were aware of their HIV
status but were not on antiretroviral treatment and 82 (30.3%) were on antiretroviral
treatment. Patients on antiretroviral treatment were significantly less immunosuppressed than patients with HIV diagnosed concurrently with tuberculosis, or other
patients not on antiretrovirals (median CD4 lymphocytes count: 220 cells?mm-3 versus
100 cells?mm-3, and 109 cells?mm-3, respectively). No significant differences in clinical
presentation of tuberculosis according to antiretroviral therapy status were recorded.
Failure of tuberculosis control interventions (e.g. noncompletion of treatment) and of
HIV care (delayed diagnosis of HIV infection and suboptimal uptake of therapy) may
contribute to continuing occurrence of HIV-associated tuberculosis in a country where
highly active antiretroviral therapy is largely available. However, a significant
proportion of cases occur in patients who are on antiretroviral treatment.
Eur Respir J 2004; 24: 11–17.

Infection with HIV is the most potent risk factor for
progression from latent or newly acquired tuberculosis
infection to active disease [1]. However, recent observational
studies conducted both in low and high tuberculosis incidence
countries have consistently shown that the risk of developing
tuberculosis is decreased by 70–90% for HIV-infected persons
who receive highly active antiretroviral therapy (HAART)
compared with untreated patients [2–5]. As a consequence,
incidences of HIV-associated tuberculosis have generally
decreased in countries were HAART has become a standard
of care for HIV-infected persons. Nonetheless, HIV-associated
tuberculosis also continues to occur in the context of a wide
use of HAART [6, 7]. Surveillance data suggest that among
patients who develop AIDS, the proportion of patients with
tuberculosis is higher among those who are treated with
HAART and are less immunosuppressed, compared with those
who have major immunosuppression in spite of HAART, or
are not treated [8]. Finally, there is some evidence that clinical
presentation of HIV-associated tuberculosis may also have
changed after the introduction, in clinical practice, of the use
of HAART [9].
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Identification of the characteristics of HIV-infected persons
who still develop tuberculosis in countries were there is large
availability of HAART can provide further insight into the
potential effects of the widespread use of antiretroviral therapy
on the tuberculosis/HIV epidemics, and help to design control
interventions. The aim of this study was to assess the
occurrence of HIV-associated tuberculosis after HAART
came into widespread use and to analyse epidemiological and
clinical characteristics of patients presenting with this disease.

Patients and methods
Study design and selection of subjects
The authors analysed data on HIV-infected patients who
presented with tuberculosis in Italy in 1999–2000 and who
were enrolled in a nationwide multicentre, prospective,
observational study designed to evaluate outcomes of therapy
of HIV-associated tuberculosis in the era of HAART [9]. In
particular, the authors aimed to analyse the history of
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previous tuberculosis and antiretroviral treatments amongst
patients with tuberculosis, and to identify possible differences
between patients diagnosed with tuberculosis while receiving
or not receiving antiretrovirals.
The study was a collaboration between the Italian Study
Group on Tuberculosis and AIDS (Gruppo Italiano di Studio
Tubercolosi e AIDS: GISTA) and the Italian Society for
Infectious and Tropical Diseases (SIMIT). All of the 154
Italian infectious disease hospital units were invited to
participate in the study. The authors chose to carry out this
study in these units since the Italian National Health Service
regulations dictate that AIDS patients and HIV-infected persons
receiving antiretroviral therapy receive care in designated
infectious disease units. In Italy, HIV care, including administration of antiretrovirals, is provided free of charge.
Individuals (in- and outpatients) o18 yrs old, with confirmed HIV infection, who were diagnosed with tuberculosis
in participating units between 1 May 1999 and 30 September
2000, were included in the study. In the present paper the
authors analysed the data collected at the time of diagnosis of
tuberculosis for the enrolled patients.
Each of the participating centres sought ethical clearance
according to local regulations.

Data collection
At baseline, the following data were collected for each
enrolled patient: age; sex; country of birth; place of residence;
education; employment; date of first positive HIV test; HIVtransmission category; history of active tuberculosis; history
of tuberculin skin test; history of treatment for active or latent
tuberculosis; recent close contact with infectious tuberculosis;
results of chest radiographs; and clinical evaluation and
microbiological examinations for mycobacteria. Data on
current antiretroviral therapy, CD4 lymphocyte count,
plasma HIV RNA and HIV clinical status were also recorded.
For patients who had been diagnosed with HIV at least 3
months before tuberculosis, the authors also collected data on
prior antiretroviral treatments and the lowest CD4 lymphocyte count available. Each participating unit also provided the
overall number of HIV-infected patients cared for during the
study period.
All data were collected onto coded standardised forms. All
forms were checked by scientific staff at the coordinating centre
(National Institute for Infectious Diseases "L. Spallanzani",
Rome, Italy) for logical errors.

Definitions
A case of tuberculosis was defined as a physician diagnosis
of tuberculosis in a person who had bacteriological evidence
of active disease (isolation of Mycobacterium tuberculosis from
a clinical specimen and/or demonstration of M. tuberculosis
from a clinical specimen by nucleic acid amplification) and/or
signs and symptoms compatible with tuberculosis (e.g.
abnormal, unstable chest radiographs or clinical evidence of
current disease) and completed diagnostic evaluation.
On the basis of clinical and microbiological findings,
tuberculosis was classified as pulmonary, both pulmonary
and extrapulmonary, and extrapulmonary. Among patients
with pulmonary involvement, the chest radiograph pattern
was classified as: "upper-lobe infiltrate/cavitation"; "lower-lobe
infiltrate"; "pleural effusion"; "miliary/interstitial pattern";
and "other" (including normal chest radiographs).
Diagnosis of HIV infection was defined concurrent with

diagnosis of tuberculosis if patients had a first HIV-positive
test within 3 months from tuberculosis diagnosis.
Patients were considered to have received antiretroviral
therapy if they took antiretrovirals for a minimum of 3
months and were defined on antiretroviral therapy at the time
of tuberculosis diagnosis if they received antiretrovirals for a
minimum of 3 months in the 6 months preceding tuberculosis
diagnosis.

Statistical analysis
Descriptive statistical methods were used to provide a
general profile of the study population. The Chi-squared test
was used to compare proportions and nonparametric MannWhitney U-test was used to compare continuous variables.
Logistic regression analysis was used to identify factors
independently associated with a diagnosis of HIV infection
concurrent with diagnosis of tuberculosis. Statistical analyses
were performed using standard statistical software.

Results
From 154 clinical units invited to participate in the study,
96 (62.3%) agreed. These units are located in 18 of Italy9s 20
regions, and all of them are located in public hospitals, 19 of
which are university teaching hospitals.
During the study period, 271 HIV-infected patients were
diagnosed with tuberculosis in the participating centres. These
patients represented 0.7% of the 40,413 HIV-infected patients
that were under care in participating units during the same
time period. Diagnosis of tuberculosis was confirmed by
isolation of M. tuberculosis in culture in 183 patients (67.5%)
and by detection of nucleic acids of M. tuberculosis in a
further 21 patients (7.7%). Characteristics of the patients
enrolled are shown in table 1.
From the patients enrolled, 45 (16.6%) reported a previous
episode of tuberculosis, which had been diagnosed a median
of 27 months before the current episode. Among these
Table 1. – Characteristics of
diagnosed with tuberculosis

271

HIV-infected

patients

Patient characteristics
Age yrs median (IQR)
Sex
Male
Female
Place of birth
Italy
Other
HIV transmission category
IDUs
Heterosexual contacts
MSM
Other/undefined
Localisation of TB
Pulmonary
Pulmonaryzextrapulmonary
Extrapulmonary
CD4 lymphocyte count cells?mm-3 median (IQR)
Previous episode of tuberculosis
Previous treatment for latent TB infection

37 (32–41)
221 (81.5)
50 (18.5)
177 (65.3)
94 (34.7)
130
76
39
26

(48.0)
(28.0)
(14.4)
(9.6)

150
69
52
120
45
3

(55.8)
(25.4)
(19.1)
(44–284)
(16.6)
(1.5)

Data are presented as n (%) unless otherwise indicated. TB:
tuberculosis; IQR: interquartile range; IDUs: injecting drug users;
MSM: males who have sex with males.
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patients, 20 (7.4%) had not completed the treatment for the
previous episode of tuberculosis. A total of 19 patients (7%)
reported a previous positive tuberculin skin test, of these three
(1.1%) had a course of isoniazid, of at least 6 months, as
treatment for latent tuberculosis infection prior to diagnosis
of active tuberculosis.
Distribution of patients by knowledge of HIV serostatus
and antiretroviral treatment prior to diagnosis of tuberculosis
is shown in figure 1. Patients who were diagnosed with HIV
concurrently with diagnosis of tuberculosis represented 29.9%
(81 out of 271) of the patients enrolled. When demographic
and epidemiological characteristics of these patients were
compared with those of other patients, being foreign born (born
outside Italy), being male and being in HIV transmission

Fig. 1. – Distribution of 271 HIV-infected patients by previous knowledge of HIV serostatus and antiretroviral therapy at the time of
diagnosis of tuberculosis (TB). q: HIV diagnosed concurrently with
TB (29.9%); h: HIV diagnosed before TB/not on highly active
antiretroviral therapy (HAART; 39.9%); u: on HAART (30.2%).

categories other than intravenous drug users were found to be
independently associated with a diagnosis of HIV infection at
the time of diagnosis of tuberculosis (table 2).
Among the 108 patients known to be HIV seropositive,
who were not on antiretroviral treatment at the time of
diagnosis with tuberculosis, 86 had never received antiretrovirals while the remaining 22 patients had received antiretroviral therapy for 3–81 months, but not in the 6 months
preceding diagnosis of tuberculosis. For these patients the last
antiretroviral regimen was: triple combination therapy for 11
patients; dual combination therapy for six patients; and
monotherapy for one patient. Data concerning the remaining
four patients were incomplete.
A total of 82 patients (30.3% of those enrolled) were on
antiretroviral treatment at the time of diagnosis of tuberculosis. These patients had been on antiretroviral treatment for
a median of 27 months prior to tuberculosis diagnosis. The
patients last antiretroviral regimen included four drugs in the
case of six patients, three drugs in the case of 62 patients and
two drugs in the case of 12 patients, while data were incomplete for two of the patients. Data on the lowest recorded
CD4 count were not available for 10 of these patients. Among
the remaining 72 patients the median lowest recorded CD4
lymphocyte count was 80 cells?mm-3, the median gain in CD4
lymphocyte count was 81 cells?mm-3 and 31 out of 72 patients
(43.1%) had a CD4 lymphocyte count o100 cells?mm-3 above
the nadir value at the time of tuberculosis diagnosis.
When the authors compared patients grouped on the basis
of prior knowledge of HIV serostatus and antiretroviral
treatment, they found that the median CD4 lymphocyte count
at the time of diagnosis of tuberculosis for patients on
antiretroviral therapy (220 cells?mm-3) was significantly higher
than that recorded among patients not on therapy (109
cells?mm-3) and among those who were diagnosed with HIV
concurrently to diagnosis of tuberculosis (100 cells?mm-3)
(pv0.01 using the Mann-Whitney U-test for both comparison); no significant difference was observed between the two
latter groups (fig. 2).
As shown in table 3, among patients on antiretroviral
therapy the authors observed a slightly higher proportion
of cases with pulmonary involvement only, although the
difference was not statistically significant. In addition, no
significant differences were observed in chest radiograph
pattern among the 215 patients with pulmonary involvement.

Table 2. – Proportion of patients with diagnosis of HIV infection concurrent with diagnosis of tuberculosis (TB) by demographic
and epidemiological characteristics
Patient characteristics
Patients n
Sex
Male
Female
Age yrs
20–30
31–40
w40
Country of birth
Italy
Other
HIV transmission category
IDUs
Heterosexual contacts
MSM
Other/unknown

Adjusted odds ratio# (95% CI)

p-value

65/221 (29.4)
16/50 (32.0)

3.46 (1.34–8.91)
1.00 (ref.)

0.01

24/43 (55.8)
32/137 (27.5)
25/91 (27.5)

1.03 (0.37–2.88)
0.51 (0.24–1.09)
1.00 (ref.)

NS
NS

28/177 (15.3)
54/94 (57.4)

1.00 (ref.)
4.71 (2.19–10.11)

No. with concurrent HIV-TB diagnosis/total (%)
81/271

11/130
34/76
18/39
18/26

(8.5)
(44.7)
(46.2)
(69.2)

1.00
6.67
3.72
21.68

(ref.)
(2.88–15.45)
(1.39–10.01)
(6.54–71.89)

v0.001

v0.001
0.009
v0.001

IDUs: injecting drug users; MSM: males who have sex with males. #: estimated in a logistic regression model including the variables listed in the
table.
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Fig. 2. – CD4 lymphocytes count in 271 HIV-infected patients at the
time of diagnosis of tuberculosis (TB) by previous knowledge of HIV
serostatus and antiretroviral therapy status. The median value (––),
interquartile range and outliers are shown. Mann-Whitney U-test was
used for statistical comparisons. HIVz at TB: HIV infection
diagnosed concurrently with TB (n=81); no HAART at TB: not on
antiretroviral therapy at TB diagnosis (n=108); HAART at TB: on
antiretroviral therapy at TB diagnosis (n=82). **: pv0.01; #: pw0.05.

Table 3. – Localisation of tuberculosis (TB) and chest
radiograph pattern in patients with pulmonary involvement
by antiretroviral therapy at the time of diagnosis of TB
Antiretroviral therapy at
the time of diagnosis of TB

Patients n
Localisation of TB
Pulmonary
Pulmonaryzextrapulmonary
Extrapulmonary
Chest radiograph pattern#
Upper-lobe infiltrate/cavitation
Lower-lobe infiltrate
Pleural effusion
Miliary/interstitial
Other

Yes

No

82

189

50 (61.0)
15 (18.3)
17 (20.7)

100 (52.9)
54 (28.6)
35 (18.5)

16
9
8
16
20

(23.2)
(13.0)
(11.6)
(23.2)
(29.0)

45
24
18
36
46

(26.6)
(14.2)
(10.7)
(21.3)
(27.2)

Data are presented as n (%). #: among 216 patients with pulmonary
involvement and available results of chest radiograph.

Discussion
In this multicentre study conducted in Italy during
1999–2000, it was observed that 271 HIV-infected patients
presenting with tuberculosis represented 0.7% of the overall
number of HIV-infected patients cared for in participating
clinical units during the study period. In a previous multicentre survey, conducted in Italy, the authors found that in
1989 patients with active tuberculosis represented 2.3% of the
total number of HIV-infected patients under care [10].
Although the results from the two studies are not strictly
comparable, the present results strongly suggest a marked
decrease in the frequency of tuberculosis among HIV-infected
patients. This finding is in agreement with the results of
cohort studies that demonstrate that HIV-infected patients
treated with HAART, which entered into clinical use in Italy
in 1996, have an 80–90% reduction in the risk of developing
tuberculosis [2–5]. Nevertheless, the current results show that

HIV-infected patients continue to constitute a significant
proportion of patients diagnosed with tuberculosis in Italy. In
fact, patients enrolled in this study represent 6.9% of the 3,931
tuberculosis cases reported during the study period in the
Italian provinces where participating units are located [11].
This proportion may be considered a minimum estimate since
HIV testing is not performed routinely in tuberculosis patients
in Italy, and some HIV-associated tuberculosis cases may
have been cared for in clinical units other than those
participating in this study.
The present study suggests that several factors, related to
deficiencies either in tuberculosis control interventions or in
delivering HIV care, may contribute to the continuing incidence of HIV-associated tuberculosis in the context of a wide
availability of HAART. In addition, the results of the current
study suggest that, in some instances, immune reconstitution,
due to antiretroviral therapy, may not be sufficient to prevent
occurrence of active tuberculosis.
First of all, only 15.8% of the patients in the current study
who reported a previous positive tuberculin skin test received
a treatment for latent tuberculosis infection. This observation
is in agreement with results of studies conducted in Italy and
in the USA [12, 13], which demonstrated the underuse of
screening and treatment of latent tuberculosis infection for
HIV-infected persons. In addition 15% of cases were observed
among persons who reported a previous episode of tuberculosis. Importantly, almost half of these patients had not
completed a course of treatment following the previous
diagnosis of tuberculosis. Incomplete treatment of active
tuberculosis has been one of the major factors contributing to
the resurgence of tuberculosis in industrialised countries [14]
and the current author9s preliminary results of the follow-up
of this cohort of patients suggests the persistence of a high
rate of noncompletion of treatment among HIV-infected
persons in an industrialised country setting [9].
Almost 30% of patients in the current series were diagnosed
with HIV infection at the time of the diagnosis of tuberculosis
or shortly before. Thus, these patients missed the opportunity
to receive, during the asymptomatic phase of HIV infection,
an antiretroviral treatment that could have prevented the
deterioration of their immune status and reduced their risk of
tuberculosis. A high proportion of patients unaware of their
HIV status at the time of tuberculosis diagnosis has also been
observed in the USA and the UK [15, 16], and recent studies
suggest that a delayed diagnosis of HIV infection has become
increasingly common in industrialised countries among
patients with an AIDS-defining illness [17, 18]. The high
proportion of patients with a delayed diagnosis of HIV
infection among the foreign born may reflect a lack of
knowledge about AIDS and/or a reduced access to medical
services while the association between sex and delayed
diagnosis may be due to the fact that females may be more
likely to be actively offered HIV testing, for example at the
time of pregnancy [19]. The low proportion of patients
unaware of HIV status among drug users may reflect that
HIV testing is actively offered in drug treatment centres in
Italy with a rate of acceptance of y80% [20].
Among the patients who tested positive for HIV at least 3
months before the diagnosis of tuberculosis, more than a half
were not on antiretroviral therapy. This group of patients was
quite heterogeneous. Approximately one quarter were treated
in the past but did not receive antiretrovirals for at least 6
months before diagnosis of tuberculosis. Of those who never
received antiretrovirals, 60% had a CD4 lymphocyte count
v200 cells?mm-3 at the time of tuberculosis and, according to
current guidelines [21], should have been prescribed antiretrovirals. The current authors do not have enough
information in this study to identify reason why these patients
were not treated or had interrupted treatment. However, the
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present authors hypothesise that low adherence to care or
delayed presentation for care to medical centres may have
contributed to this phenomenon.
A significant proportion of tuberculosis cases among
patients who did receive antiretroviral therapy, and among
patients who had a good immunological response to
antiretroviral therapy, was observed. Patients who had
tuberculosis when on antiretroviral therapy were significantly
less immunosuppressed than untreated patients. These
observations are consistent with data from other studies
conducted in Europe and in the USA showing that HIVassociated tuberculosis tends to occur at higher CD4 cells
count in the context of a wide use of HAART [7, 22] and may
have different explanations.
Tuberculosis, unlike other HIV-associated opportunistic
infections, may also occur at relatively high levels of CD4
lymphocytes count [23], although its frequency markedly
increases in patients with more severe immunosuppression
[24]. It is possible that among HAART-treated patients,
although the risk of developing tuberculosis is greatly
reduced, the relative proportion of patients with higher
CD4 lymphocytes increases, resulting in a relative increase
of tuberculosis cases among patients who are less immunosuppressed and thus in an increase in the median CD4
lymphocytes count at the time of diagnosis of tuberculosis.
On the other hand, the occurrence of tuberculosis in
patients on HAART at higher CD4 lymphocyte counts may
reflect, in part, an incomplete immune restoration. In fact,
although it has been demonstrated that HAART can induce
restoration of in vitro response to mycobacterial antigen [25],
studies conducted in patients co-infected with HIV and
tuberculosis suggest that recovery of cellular immunity
against tuberculosis may be delayed, incomplete or absent
in some individuals who have a good immunological and
virological response to antiretroviral therapy [26, 27],
particularly when HAART is started at low CD4 lymphocytes
count [24]. However, when interpreting data on CD4
lymphocyte counts at the time of diagnosis of tuberculosis it
should be taken into account that active tuberculosis itself can
cause immunosuppression, as suggested by the transient
decrease in CD4 lymphocytes observed in a significant
proportion of HIV-negative patients with tuberculosis [28, 29].
Previous studies conducted in European countries have
shown that among HIV-infected patients, being foreign born
is an independent risk factor for tuberculosis [30, 31]. Foreignborn patients represent 34.4% of patients with tuberculosis in
the present study, while Italian data for the same time period
showed that foreign-born persons constitute 13.1% of
reported AIDS cases [32] Thus, the current findings confirm
that in industrialised countries, tuberculosis disproportionately affects HIV-infected foreign-born persons, and is in
agreement with surveillance data showing that persons born
abroad account for a high proportion, approximately one
quarter, of the overall number of patients with tuberculosis
reported in Italy in 2000 [33].
On the other hand, in this study, data were not collected on
other environmental factors or associated medical conditions
that may influence the risk of tuberculosis in HIV-infected
persons.
Other limitations of the present study need to be taken into
consideration. First, approximately one third of the Italian
infectious disease hospital units did not participate in the
study. However, participating units were located in all Italian
regions and provided care to the majority of HIV-infected
patients in Italy, as suggested by the fact that during the study
period these units reported 65.2% of AIDS cases reported to
the Italian AIDS registry (G. Rezza, Istituto Superiore di
Sanità, Rome, Italy; personal communication). Second,
although in Italy HIV-infected persons are usually cared for
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in infectious disease units, patients with HIV-associated
tuberculosis, especially those who are first tested for HIV
when diagnosed with tuberculosis, may also be admitted to
other hospital units. Therefore, it is possible that the current
authors have underestimated the proportion of patients who
are diagnosed with HIV concurrently with tuberculosis
diagnosis, as well as the proportion of HIV-infected patients
on the overall number of tuberculosis cases. Thirdly, since
participating units provided the number of HIV-infected
persons under care but not the follow-up time for each
person, the present authors were unable to assess the
incidence of tuberculosis per person per year of follow-up.
Fourthly, no information on actual adherence to antiretroviral therapy in patients to whom it was prescribed before
tuberculosis was given.
In conclusion the current study shows that HIV-associated
tuberculosis continues to occur when highly active antiretroviral therapy is widely used, although with a reduced
frequency compared with the pre-highly active antiretroviral
therapy era. To grasp the full potential impact of highly active
antiretroviral therapy on the epidemic of HIV-associated
tuberculosis in industrialised countries, it is necessary to
improve the effectiveness of care for HIV-infected persons, in
particular to promote early HIV testing for persons at risk
and access to care for those testing positive. Clearly,
tuberculosis control measures for HIV-infected persons,
such as detection and treatment of latent tuberculosis
infection, still remains important in the context of availability
of highly active antiretroviral therapy.
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P. Filippini ("Gesù e Maria"); S. Noce ("Policlinico Federico II"); Palermo: E.R. Dalle Nogare
("Casa del Sole Lanza di Trabia"); E. Farinella
("Malattie Infettive Guadagna"); Pavia: P. Sacchi,
L. Scudeller ("S. Matteo"); Pesaro: E. Petrelli
("S. Salvatore"); Pescara: L. Alterio ("Presidio
Ospedaliero"); Piacenza: F. Paolillo ("Presidio");
Pisa: E. Savalli, R. Doria ("Azienda Ospedaliera
Pisana"); Pistoia: M. Catalani ("Spedali Riuniti");
Prato: M. Brizzi ("Misericordia e Dolce"); Ragusa:
N. Storaci ("M.P. Arezzo"); Rieti: G.P. Natalini
Raponi ("Ospedale Generale Provinciale"); Rimini:
L.T. Martelli ("Ospedale per gli Infermi"); Roma:
S. Grisetti, S. Lanini, F. Palmieri ("Spallanzani");
P. Santopadre ("Policlinico Umberto I"); Schio:
F. Marranconi ("Ospedale Civile"); Siena: M. Rubino
("Spedali
Riuniti");
Taranto:
M.A.
Rollo
("SS. Annunziata"); Teramo: D. Di Giammartino
("Ospedale Civile"); Terni: C. Di Giuli ("S. Maria");
Torino: M.F. Bianco Chinto, F. Gaiottino,
C. Preziosi, A. Zeme ("Amedeo di Savoia");
Triggiano: C. Fico ("F. Fallacara"); Varese:
F. Di Natale (Ospedale di Circolo); Verbania:
C. Sfara ("Ospedale Civile di Verbania"); Vercelli:
M. Gobber ("S. Andrea di Vercelli").
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