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A B S T R A C T

Objective: From 2011 to 2017, the total number of refugees arriving in Europe, particularly in Italy, climbed
dramatically. Our aim was to diagnose pulmonary TB in migrants coming from the African coast using a
clinical-based port of arrival (PoA) screening program.
Methods: From 2016 to 2018, migrants coming via the Mediterranean Route were screened for body
temperature and the presence of cough directly on the dock: if they were feverish with productive cough,
their sputum was examined with NAAT; with a dry cough, they underwent Chest-X-ray (CXR). Those
migrants with positive NAAT or CXR suggestive for TB were admitted to our ward. In addition, we plotted
an SEI simulation of our project to evaluate the epidemiological impact of our screening.
Results: Out of 33.676 disembarking migrants, 314 (0.9%) had fever and cough: 80 (25.47%) with
productive cough underwent NAAT in sputum, and 16 were positive for TB; 234 (74.52%) with dry cough
had a CXR examination, and 39 were suggestive of TB, later confirmed by mycobacterial culture. The SEI-
new model analysis demonstrated that our screening program significantly reduced TB spreading all over
the country.
Conclusions: For possible future high migrant flows, PoA screening for TB has to be considered feasible
and effective in decreasing TB spreading.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

Introduction

TB notification rates are progressively declining to less than
20 per 100,000 cases/year in most European Union countries.
According to the latest TB surveillance report by the European
Centre for Disease Prevention and Control (ECDC)/World Health
Organization (WHO) Regional Office for Europe, 275.000 TB cases
and 24.000 TB deaths occurred in 2017 (ECDC, 2019; WHO, 2019a),

still far from the WHO target of TB elimination by 2050 (WHO,
2019a). In 2017 the TB incidence in Italy was 6.9/100.000
inhabitants, with a declining trend from 2010 to 2015 (WHO,
2019b): in more detail, while incidence among the native
population has gradually reduced, foreign-born TB cases have
been steady or even increased (ECDC, 2019). This further
demonstrates that TB transmission from foreign-born people to
native-born population is uncommon due to their attitude about
living in separate communities (Sandgren et al., 2014; Pareek et al.,
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2016; Hargreaves et al., 2017). Among foreign people, refugees and
undocumented migrants have a higher risk of developing an active
TB disease since they often come from high incidence countries
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ith collapsed national health services and poor social conditions.
he total number of migrants who arrived in Italy climbed
ramatically from early 2011 to 2016 (IOM - Europe flow
onitoring, 2019). Furthermore, between 2016 and 2017,
00.805 migrants disembarked in Italy, representing 56,2% of all
uropean arrivals (UNHCR Refugees/Migrants Response - Mediter-
anean, 2019). According to two recent meta-analyses, 0,35% of all
igrants who arrived in Italy should have been diagnosed with an
ctive TB disease (Klinkenberg et al., 2009; Arshad et al., 2010). In
he last few years, most migrants who arrived in Italy by sea
isembarked in Sicily (UNHCR Refugees/Migrants Response -
editerranean, 2019). Once landed, they were usually led to “First
id and Reception Centers” or “Centers of Accommodation for
sylum Seekers” (CDA), where they often live for months or even
ears in overcrowded conditions, thus increasing the risk of
dditional TB spreading among migrants.
We decided to carry on a prospective interventional study

roject, called “Diagnosis on the Dock”, which implemented a
ymptom-based proactive TB screening on migrants. The study
as performed directly on the dock, at the first arrival of
igrants. Our primary aim was to evaluate the incidence of
ctive pulmonary tuberculosis (PTB) in migrants disembarking
t the harbor of Catania (Sicily) between January 1st, 2016, and
ecember 31st, 2018. Our secondary aim was to design through

 mathematical simulation  model the long-term consequences
f PTB spreading in our screening program’s presence or
bsence.

aterials and methods

The “Diagnosis on the Dock” project was a prospective
nterventional screening study. The study was approved by the
aritime, Aerial, and Frontier Health Office (USMAF), belonging to

he Italian Ministry of Health, following the Italian Red Cross (CRI),
atania Committee.

creening process

The screening process involved two different facilities in
atania, Italy: firstly, a selected team of physicians, both of the
inistry of Health and CRI, developed different health facilities
irectly on the dock. Specifically, they organized a medical area, a
urgical area, an obstetric-pediatric area, an isolation area, a
orgue, and ambulance parking. While disembarking, all migrants
nderwent a brief medical history collection (in the presence of
ultural mediators), body temperature (BT) measurement, and
hysical examination. The second facility was located in the
mergency Department (ED) biocontainment area of the Garibaldi
ospital, where a special isolation room (Isoark room BLS3 level)
as set up. All migrants with evidence of fever (BT � 37 �C) and
ough at disembarkation were isolated in a specific area on the
ock. Patients with a dry cough who could not provide their
putum were diverted toward the ED by a CRI ambulance. Here
hey underwent first-aid procedures and a chest X-ray (CXR).
igrants with productive cough were instead instructed to collect

 sputum sample. Sputum specimens were all transported to the
icrobiology Laboratory of the Garibaldi Hospital and submitted

o a nucleic acid amplification test (NAAT), in this case, Xpert1

TB/RIF (Cephid1 Inc, Sunnyvale, California, USA), giving a
ositive/negative result within three hours. In case of a negative

disease or in case of other clinical conditions requiring hospitali-
zation, patients were admitted to the unit of Infectious Diseases of
the Garibaldi Hospital (Figure 1). Every migrant entered into the
screening program (fever with productive or dry cough) was blood
tested for HIV, HCV, HBV, and syphilis (VDRL, TPHA).

Data collection

A single spreadsheet database was developed. Data collection
included epidemiological (age, gender, native country), clinical
(presence of fever and dry/productive cough), diagnostic (positive/
negative NAAT Xpert1 MTB/RIF assay in sputum), and radiological
(CXR suggestive/not suggestive for TB with pattern description)
variables. Frequencies and percentages were used to describe
categorical variables; mean and standard deviations (mean � SD)
were used to express continuous variables. Analyses were
performed using SPSS software, version 24.0 (IBM Corp., Armonk,
New York, USA).

Epidemiologic simulation

We examined some epidemiological models to depict
possible short and long-term effects of tuberculosis spreading
from observed cases. A model consists of compartments
representing sets of individuals grouped by disease status.
Connections between compartments are considered transi-
tions from one disease state to another. The future of an
epidemic may be mathematically estimated by finding the
basic reproductive number R0 of the model. R0 is the average
number of secondary cases produced when one infected individual
is introduced into a susceptible population (Ozcaglar et al., 2012).
Among the various TB epidemiological models (Ozcaglar et al.,
2012), we considered a Susceptible-Exposed-Infected-Recovered
(SEIR) model (Blower et al., 1995), which analyzes both TB
infection and TB treatment/recovery, and a Susceptible-Exposed-
Infected (SEI) cluster-like model (Aparicio et al., 2000). Starting
from the SEI model, we developed a new compartmental model
which considers three different populations: the host population,
migrant population, and the “high TB-risk” population, a cluster
composed of infected patients and people more susceptible to TB
because of frequent contact with infected individuals. For our
simulations, all parameters were set according to the literature

Figure 1. Diagnostic Algorithm for the “Diagnosis on the Dock” screening.
Abbreviations: BT = body temperature; NAAT = nucleic acid amplification test;
CXR = chest X-Ray; PTB = pulmonary tuberculosis; CDA = Centro di Accoglienza
(Center of Accommodation for Asylum Seekers). Migrants with only fever did not
enter the screening program, but they still received medical assessment.
esult, the migrant underwent CXR. In case both NAAT and CXR
ere negative for TB, migrants were conducted back to the dock
nd from here to the committed CDA by bus. Migrants with only
ever without cough were not entered into the screening program,
nd they were routinely followed by physicians on the dock or, if
ecessary, conducted to the ED. In case of suspected active TB
9

and those reported by Ozcaglar et al. and Blower et al. (Blower
et al., 1995; Ozcaglar et al., 2012). Mortality rates and recruitment
rates were obtained from the Italian Ministry of Health and the
Italian National Institute of Statistics (ISTAT). The model was
implemented in R and simulated with the package deSolve
(Soetaert et al., 2010).
9
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Results

33.676 migrants disembarked into Catania harbor. 955 (2,83%)
of those who disembarked had a fever (above 37 �C, 98,6 F); 314
(32,88%) of them also had a cough.

These 314 migrants with cough plus fever entered the screening
program: 172 (54,8%) of them were males and 142 (45,2%) females,
with a mean age of 20.8 years (SD � 4.9 years). Forty-eight (15,2%)
of them were from Ethiopia, 38 (12,1%) from Nigeria, 38 (12,1%)
from Somalia, 33 (10,5%) from Eritrea, 27 (8,6%) from Liberia, 23
(7,3%) from Gambia, 23 (7,3%) from Mali, 22 (7%) from the Ivory
Coast, 18 (5,7%) from Tunisia, 16 (5,1%) from Ghana, 15 (4,8%) from
Guinea-Bissau and 13 (4,1%) from Morocco (Figure 2). Eight
patients were found to be HIV positive, with no HCV or syphilis
infection; eleven migrants were HBsAg positive with detected
HBV-DNA.

Two hundred and thirty-four out of 314 migrants (74,52%) had a
dry cough and could not provide their sputum, so they were
assessed with a CXR. The remaining 80 out of 314 patients (25,47%)
provided their sputum to be tested through NAAT. Comprehen-
sively, 55 out of 314 (17.51%) patients with suspected PTB had
radiological or microbiological evidence of active PTB: 37 males, 18
females, with a mean age of 22.4 years (SD � 6.1 years). Fourteen
patients came from Eritrea (25.4%), twelve patients from Somalia
(21.8%), seven migrants from both Gambia and Ethiopia (12.7%),
four migrants come from Ghana (7.2%), three both from Morocco
and Ivory Coast (5.4%), two patients from Guinea-Bissau (3.6%) and
only one migrant each came from Liberia, Mali, and Nigeria (1.8%).
Thirty-nine patients had a positive CXR (24 with cavitary lesions,
eleven with an infiltrative-exudative apical pattern, four with a
miliary pattern); 16 patients had a positive NAAT. Thus, all 55 cases
with suspected PTB were admitted to the Infectious Diseases Unit
for further diagnostic assessment, and all of them were subse-
quently TB confirmed by Lowenstein-Jensen medium culture from
sputum or bronchoalveolar lavage (BAL) if sputum could not be
collected. No cases of resistance to rifampicin were reported by
NAAT, according to sputum culture, and Drug Susceptibility Test
(DST). All patients started a first-line drug regimen with rifampicin,
isoniazid, ethambutol, pyrazinamide. No migrants had TB-HIV
coinfection. Also, 64 out of 80 migrants with a productive cough
had a negative NAAT. Ten of them had radiological evidence of
lobar pneumonia, one with concomitant pleuritis. Eight out of
those ten had a positive test for pneumococcal urinary antigens.
Five out of 64 had radiological evidence of interstitial pneumonia.
Forty-eight of 64 had subsequently negative CXR and were
diagnosed as affected with upper respiratory tract infections.

One hundred and ninety-five patients out of 234 with fever and dry
cough showed radiological signs of pneumonia not suggestive of
PTB. Twenty-two had radiological evidence of lobar pneumonia
(eleven of them with positive pneumococcal urinary antigens).
One hundred and seven had evidence of interstitial pneumonia (15
were seropositive for anti-Mycoplasma pneumoniae IgMs, 92 were
diagnosed as having viral pneumonia). Out of 234 patients with
CXR not suggestive for PTB, 66 had a definitively negative CXR.
They were diagnosed as being affected with chickenpox (eleven
cases), aspecific tracheobronchitis (49 cases), and pharyngoton-
sillitis (seven cases) (Figure 3).

New SEI model

In our new SEI (S = Susceptible, E = Exposed, I = Infected) model,
we consider three different populations: the host population (size
N2 tð Þ), the incoming population (size N3 tð Þ), and the high-TB risk
population (size Nc tð Þ). Individuals belong to only one of these
populations, but they can move from one population to the other.
With E = Exposed, we indicate individuals latently infected from
TB, a person may become I = Infected (active TB disease) according
to a specific progression rate (see Table 1). We define the high-TB
risk population's size as Nc ¼ N1 þ I, where N1 ¼ S1 þ E1, and
represents individuals not infected who pass through health-care
facilities. The host population's size is N2 ¼ S2 þ E2, and the size of
the incoming population is N3 ¼ S3 þ E3; all these persons are not
infected. When one latent infected individual of the N2 tð Þ or N3 tð Þ
populations develops active TB disease and becomes infectious, he
moves, with the members of his cluster, to the Nc tð Þ population.
When an individual with active TB disease recovers, he returns to
his origin population. We also hypothesize the transfer of one
person from the susceptible to the latent state of each population
without apparent contact with the Nc tð Þ population. This model
considers the possibility of TB transmission mainly inside closed
places. From an epidemiological perspective, the incoming
population may develop active TB disease more frequently than
the host one. Therefore, the two populations have different
progression, mortality, and transmission rate. Since we hypothe-
sized the same mitigations protocols for the two populations, the
mortality rate of the Nc tð Þ population is equal to the host one, while
the progression rate is higher due to more possible contacts with
Figure 2. Native country of migrants entered into the “Diagnosis on the Dock”
screening program. Red columns show PTB diagnosis, in the yellow columns, PTB
was not diagnosed.

Figure 3. Graphical data representation of the “Diagnosis on the Dock” screening
program. Abbreviations: BT = body temperature; NAAT = nucleic acid amplification
test; CXR = chest X-Ray; PTB = pulmonary tuberculosis.

100



i
p

f
c
a
a
s
t
p
s
d
t
b
T
0
d
A

T
L

F
d
a
t

A. Pampaloni, M.E. Locatelli, E. Venanzi Rullo et al. International Journal of Infectious Diseases 106 (2021) 98–104
nfected individuals within the Nc tð Þ population. A complete
icture of our model is illustrated in Figure 4.
The mathematical equations describing our model may be

ound in the Appendix section, point A. A variant of the model
an be obtained considering the screening performed at the
rrival in the harbor, where active TB disease is immediately
ssessed. Mathematically this variation is acquired by properly
caling the recruitment rate of the incoming population (L3)
hrough the factor k3 (per-capita progression rate of the incoming
opulation) from the incoming population. Furthermore, since the
creening should identify all individuals with an active TB
isease before they enter the incoming population, we hypothesize
hat the possibility of TB transmission inside closed places
ecomes the same in the incoming and the host population.
herefore, in this variant of the model, we set the value of b3 to
.001, the same as the host population (see Table 1). The equations
escribing this model (Figure 5) are reported in the
ppendix section, point B.

We focused on a 30 years simulation without the “Diagnosis on
the Dock” screening program (Figure 6) compared to the same
simulation period with the screening program (Figure 7). Without
our screening program, the simulations show that, although the
high-TB risk population does not reflect a pandemic state (graphics
6A), the number of exposed individuals, both in the host and
incoming populations, has an increasing trend (graphics 6B). This
evidence leads to a non-zero number of persons that might
develop active TB disease. This is according to our estimation of
R0 ¼ 1:80, which means that the disease reaches an endemic state.
Furthermore, we notice that in our model, the endemic equilibri-
um and the behavior of R0 are only related to its parameters and do
not depend on the number of infected individuals at time 0. For the
mathematical details concerning the calculation of R0, see the
Appendix, point C. Comparing the results of the first model with
the screening-based model, the results clearly show that the latter
approach admits controlling epidemics better than the previous
one, R0 ¼ 1:75, avoiding almost 4500 persons being exposed to

able 1
ist of parameters, with descriptions and values used in our simulations.

Parameter Description Value

L2 Recruitment rate of the host population (birth rate) 0.0083

L3 Recruitment rate of the incoming population (immigration rate) 0.05
g = m2+d+r Removal rate of host population
g3 = m3+d+r Removal rate of incoming population
d TB-induced mortality rate 0.139
r Treatment rate 2.5
m2 Host population mortality rate 0.0099
m3 Incoming population mortality rate 0.015
n2 Cluster size of the host population 5
n3 Cluster size of the incoming population 20
k2 Per-capita progression rate of host population 0.0013
k3 Per-capita progression rate of incoming population 0.0256
Nc = N1 + I = (S1 + E1) + I Size of high-TB risk population
N2 = S2 + E2 Size of host population
N3 = S3 + E3 Size of incoming population
N= Nc + (N2 + N3) Size of the whole population
β Transmission rate of Nc(t) population 2
β2 Transmission rate of N2(t)population 0.001
β3 Transmission rate of N3(t) population 0.005a

a The value of β3 is 0.001 for the SEI model accounting for the screening performed at the harbor.
igure 4. Graphical representation of our cluster-like SEI model (all parameters are
escribed in the Table 1). Yellow shows the incoming population living in centers of
ccommodation for asylum seekers, red shows health-care facilities, green shows
he host population.

Figure 5. Graphical representation of our cluster-like SEI model edited with the
“Diagnosis on the Dock” screening program (all parameters are described in the
Table 1). Yellow shows the incoming population living in centers of accommodation
for asylum seekers, red shows health-care facilities, green shows the host
population.
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active PTB during the next thirty years (compare graphic 6B with
graphic 7B).

Discussion

Our study proposes an algorithm of rapid screening for active
PTB in a social emergency setting. Until now, TB screening
programs in high-income low-incidence countries had been

reception/holding center screening (RC), and occasional screening
(OS) (Klinkenberg et al., 2009). A pre-arrival screening program is
not suitable in our context, considering that all migrants were
refugees who escaped as stowaways from countries with poverty,
hunger, and unstable political situations (Sandgren et al., 2014).
Considering the large flow of people arriving on the Italian coast
within such a short period (UNHCR Refugees/Migrants Response -
Mediterranean, 2019), we decided to adopt a post-arrival PoA

Figure 6. Thirty years simulation using the first SEI model (without screening). In panel A, we report the trends of the high-TB risk population. In panel B, we plot the host’s
trends and the incoming populations (all parameters are described in the Table 1).

Figure 7. Thirty years simulation using SEI model accounting for the screening performed at the harbor. In panel A, we report the trends of the high-TB risk population. In
panel B, we plot the trends of the host and the incoming populations (all parameters are described in the Table 1).
organized principally with two different strategies. The first one
was a pre-arrival screening to be organized before the departure of
migrants from African coasts. The second strategy consisted of
post-arrival active TB disease (or TB infection) screening.
This method had several modes of implementation: port-of-
arrival screening (PoA), community post-arrival screening (CPA),
102
screening program.
Different tools can be used in all screening programs:

submission of a standardized symptoms questionnaire (cough,
hemoptysis, fever, weight loss, night sweats), familiar and medical
history, clinical examination, CXRs, and microbiological tests
(sputum smears, molecular tests, cultures). According to the
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ettings, all these anamnestic and diagnostic procedures could be
sed separately or combined (Zenner et al., 2013). Until 2017, Italy
ad no standardized TB screening policy for migrants (Alvarez
t al., 2011). Most interventions consisted of case-finding
rocedures among symptomatic migrants residing in CDA. Some
xamples of proactive TB screening strategies have been proposed
ased on questionnaire administration followed by CXR and
icrobiological assessment if there was suspicion of active TB
isease (Schepisi et al., 2016; Villa et al., 2019). Together with the
ational Institute of Health, Migration, and Poverty (NIHMP), the
inister of Health produced in 2017 and 2018 some guidelines for
ealth screening of migrants, especially for TB (Baglio et al., 2017;
NMP et al., 2018). Unfortunately, at the time of our study project,
hese guidelines were not available. These guidelines revised the
vailable literature, highlighting how PoA approaches decrease the
isk for transmission the most. However, they do not recommend
his kind of approach, preferring a post-sorting to CDA approach
INMP et al., 2018).

In an emergency setting like ours, we felt the need to develop a
uick algorithm to rapidly identify those migrants affected with
ctive PTB. We decided not to include epidemiological and
namnestic data in our screening program. Assuming migrants
ave traveled for many months or even years before embarkation
nd considering the poor hygienic conditions in which they were
orced to live (e.g., detention camps, crowded boats), TB incidence
n the native country and and the family history of TB lost their
eliability. It is possible that throughout the journey, they may have
ontracted TB (ECDC, 2017; Hargreaves et al., 2017). Similarly,
ymptoms such as sweating and weight loss were considered too
onspecific. Fever and cough were identified as the only selection
ndicators, thus eliminating any bias due to self-reported clinical
igns, language barriers, cultural and behavioral differences. CXR
emains one of the most important diagnostic tools for physicians
hen dealing with PTB, particularly in screening programs (Den
oon et al., 2006; van’t Hoog et al., 2012). Also, we included a
ecent and automated molecular biology assay like sputum Xpert
TB/RIF to improve algorithmic specificity and to accelerate the
iagnostic iter of the migrant.
Our screening program diagnosed 55 migrants with PTB: they

epresent 5,76% of all feverish migrants (55/955). According to our
tudy the TB screening prevalence rate in the disembarked
opulation is 160/100.000 (120–200/100.000 IC 95%), more than
wenty times the TB incidence in Italy, and very similar to the TB
ncidence seen in African states. These data agree with the
cientific literature: a migrant brings with him the TB incidence of
is origin country, and as well, this incidence after two years of
esidence, approaches the incidence of the host country (Cain et al.,
008). To determine the yield of PTB in our screening program, we
ad first to define the denominator. As a matter of fact, if we
alculate the yield based on the total number of migrants
isembarked, we obtain a low yield in accordance to most recent
tudies concerning TB incidence rate in high-income low-
ncidence countries: 55/33676 (0.16%) (Klinkenberg et al., 2009;
rshad et al., 2010; Crepet et al., 2016). Nevertheless, if we consider
he PTB rate among symptomatic migrants (fever and cough), the
ield enlarges about a hundred times: 55/314 (17%). This more
ccurate yield reflects the subsequent result of the new SEI model.
n fact, according to the basic reproductive number (R0) reported
rom our two different simulations, without PoA screening (R0 =
.805) and with PoA screening (R = 1.7476), PoA screening resulted

diagnostic procedures that were negative for PTB were concomi-
tantly investigated for other diseases and eventually admitted to
hospital units.

Our study had some limitations: firstly, there were TB cases that
were eventually missed by the diagnostic algorithm due to
paucisymptomatic-atypical presentation or extra-pulmonary TB
sites. Secondly, this screening program could not detect TB
infection; moreover, due to the high human flow, we could not
follow up patients who did not enter the screening program.

Conclusions

In the literature, data on TB screening among migrants are
variable and poorly exhaustive because screening approaches are
extremely different (Zenner et al., 2013; Pareek et al., 2016). The
“Diagnosis on the dock” program is a symptom-based proactive TB
screening performed on migrants at their arrival directly on the
dock. It estimates that more than 0.1% of individuals who landed in
Catania in 2016–18, and 17.5% of all migrants with cough and fever
were affected by active PTB. According to the TB contagious rate, if
unidentified, they could have infected about 250–350 persons per
year (Mandell et al., 2000). To prove this assumption, a real-life SEI
model of TB spreading was conducted, and it demonstrated that
our screening could avoid an 4500-people exposure to Mycobacte-
rium tuberculosis in the next thirty years. Our study highlights how
a PoA approach for TB diagnosis is feasible and effective in
decreasing TB transmission rates.
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