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ART Decreases Death due to HIV-1 
Infection 

Mortality among 16-44 year old Americans; 1987-2000 



!   Among HIV-1 subtypes, clade A has been further classified into 4 
subsubtypes (A1-A4). 
!   HIV-1 A1 subtype predominate in the Russian federation and in other 
Eastern European countries as a monophyletic variant originated in Central 
Africa. 

HIV-‐1	  A1	  subtype	  of	  both	  African	  and	  East	  European	  origin	  in	  Italy	  
unveils	  high	  burden	  of	  transmission	  chains	  involving	  intravenous	  

drug	  users	  	  

!   After an initial diffusion via heterosexual contacts, A1 variant spread 
explosively among IDUs and their partners. 

!  Among non-B subtype HIV-1 A1 in Italy accounts for 12.5%.  
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The molecular typization of microorganism 
 
The PCR application: 
• Molecular epidemiology and phylogenetic 
analysis 
• Drug resistance studies 
• Virulence 
• mutants 

 
 



Houdini's Escape  

Viral  Molecular Evolution  
Viruses normally lives in an environment 
( host) in continue evolution 
 
 
Viruses must be always able to answer at 
change environmental conditions 
 

• Immune protection 
• Passage from a guest to the other 
• drugs 

Virus must be ahead always a footstep to 
the guest 
 
Evolution = variation + natural selection 
 
Then a virus must Vary 



Heath Ledger in “Batman the dark knight”  

Molecular evolution and virulence evolution 

1) Microorganisms to low virulence 
can modify this own characteristic 
in consequence of changes in the 
state of immunity of the infected 
population 

2) Particularly the use of defective 
vaccines can conduct to an evolution 
toward one increased virulence of the 
microorganism (Gandon 2001; Mackinnon 
2004) 

Double face 



Molecular clocks: a 
controversial theory 

"Imagined	  you	  that	  for	  years	  you	  are	  
regulated	  you,	  to	  know	  the	  -me,	  in	  
base	  to	  the	  old	  clock	  in	  the	  plaza	  of	  the	  
country...	  

One	  day	  you	  decide	  to	  know	  how	  this	  clock	  
works.	  You	  climb	  you	  on	  the	  bell	  tower,	  
you	  open	  the	  door	  of	  the	  room	  where	  
you	  should	  find	  the	  mechanism	  of	  the	  
clock	  and	  that	  that	  find	  it	  is	  only	  guano	  
of	  pigeons,	  mice	  dead	  and	  other	  things	  
unmen-onable-‐nothing	  that	  can	  move	  
the	  hands	  of	  the	  clock	  in	  regular	  way.	  	  

You	  would	  conclude	  that	  the	  clock	  cannot	  
work	  at	  all"	   	  	  

Roger	  Lewin,	  New	  Scien4st	  1990.	  
Harold Lloyd 



phylogeny	  
•  It	  has	  the	  purpose	  to	  Reconstruct	  the	  

evolu-onary	  history	  of	  the	  species	  	  	  

•  to	  Esteem	  the	  -me	  of	  divergence	  of	  
two	  species	  	  

•  to	  Tell	  the	  sequence	  of	  events	  along	  an	  
evolu-onary	  line	  	  

•  That	  is	  to	  reconstruct	  the	  History	  
passed	  of	  the	  organisms,	  studying	  and	  
Comparing	  among	  them	  those	  actual	  
(historical	  reconstruc-on	  on	  
compara-ve	  base)	  

Tre of life 

May Phylogenetic Analysis Support Epidemiological 
Investigation in Identifying the Source of HIV Infection? 
 



phylogeny Epidemiological 
investigation 

BALANCE 



We describe here a case of HIV-1 infection in a 24-year-old 
Italian soldier in service in Kabul, Afghanistan, 
 where his 
military command was placed. 
 
 
 The epidemiological investigation 
 
In September 2009, during a laboratory investigation in the 
Military Barracks based on demand screening, he was found 
to be positive for anti-HIV antibodies (by an ELISA test), 
which was confirmed by Western blot.  
 
The viral load was 39,882 copies/ml and the CD4 cell count was 568 cells/
ml. 



During the month of October he was hospitalized in Catanzaro 
Hospital for diagnostic controls. 
 
Viral load was of 18,000 copies/ml  
CD4 cell count was 701 cells/ml.  
 
The epidemiological investigation did not identify any known risk 
factors for HIV infection (i.e., drug use, tattoos, homosexual or 
heterosexual contact, biological fluid exposure).  
No rape 
 
Thus, we tried to reconstruct the epidemiological network using the pol 
viral sequences (1271 nucleotides) detected by a sample collected in 
November 2009, before starting antiretroviral therapy. 
 
Phylogenetic analysis classified our pol gene sequence as a 
‘‘nonpure’’ B subtype  
Using a second data set containing more than 200 B subtypes 
sequences spreade in europe and in the middle east asia 
 showed that the patient’s isolate was closely related to B subtype 
sequences from Spain, forming a significant monophyletic cluster 
(bootstrap value >70%)   



SimPlot and split-decomposition 
analyses showed the  sequence as a possible BFB recombinant form; 
however, we classified it as ‘‘BUB’’ (U for unclassified) since the F trait 
and the break-point of recombination were under the threshold 
value (70%) useful for statistical significance ( the tree was semplify 
cutting sequences not  closely related) 



The young man was enrolled 
in the peace military mission 
of the ISAF (International 
Security Assistance Force). In 
this context, soldiers from 
different nations (Italy, the 
United States, and Spain) 
were living inside the same 
logistic base for periods 
ranging from 2 to 9 months.  
 
After this period soldiers 
affected by depression 
usually spend 12–15 days 
with their family or 5 days in 
Abu-Dabhi where they usually 
meet people from different 
Countries (sex workers) 



when the soldier returned in hospital on 
February 11, 2010 we tried to obtain more detailed 
information about possible sexual contacts in the different 
Settings in a 
 
 
 
friendly discussion 
 
 
 
 
 
At this point, the Italian soldier remembered an occasional 
sexual contact he had with a young Spanish woman in May 
2009 during a vacation period spent in Italy.  
 



He also reported having had an episode of fever 
that 
lasted 4 days, with fatigue and a sore throat,  
in June 2009, suggesting primary HIV infection. 
Unfortunately, we could not trace the woman 
involved to obtain clinical samples to compare 
the sequences.  
 
However, it is still remarkable how in this case 
phylogenetic driven epidemiological evidence 
allowed us to determine the most probable source 
of HIV infection. 
 





To support the epidemiological 
investigation, we reconstructed 
the epidemiological network within a 
calendar timescale, using 
the Pol viral sequences (918 nucleotides) 
isolated from the all the subjects (S1–S4) 
enrolled, ( father, mother, kind and 
nurse)before initiating any antiretroviral 
therapy. 
 



The index case (S4) was at the root of the probable transmission 
cluster, followed by patients S3, S2 and S1.  
The tMRCA of the network was estimated to be at a mean 4.5 years 
(95% HPD: 1.5–7.7 years) before July 2007, corresponding to late 
2002 and early 2003. 
 
Our analysis not only confirmed the probability of an 
epidemiological network but allowed us to date the transmission 
events with good approximation. 
 
In addition to the existence of an epidemiological 
relationship among the four patients studied, the dated 
tree supported the time point and direction of each transmission, 
estimated on the basis of the phylogeny, and agreed with the 
presumptive time of infection on the basis of clinical history-taking. 
 
In particular, our analysis confirm that S4 was the index case and 
probably acquired the infection about 4.5 years before sampling 
(2002/03 year), even if he verbally reported a negative HIV-1 test in 
2004.  



The mother’s (S3) node tMRCA dates back to the mid 2006.  
Detailed interview showed that S4 and S3 met in May 2006 and pregnancy 
was diagnosed one month later when the woman suffered 
an influenza-like syndrome, suggesting that the estimated tMRCA 
might correspond to the period in which the woman acquired the 
infection.  
 
Lastly, the delivery of the baby (February 2007) might correspond to the 
origin of the node connecting the baby’s isolate with that obtained by the 
nurse exposed to the baby’s blood two weeks later. 

 
The sequence and times of the transmission events, estimated 
on the phylodynamic reconstruction of the transmission network 
within a calendar timescale, broadly in agreement with 
the epidemiological data, significantly improved the investigation, 
. 
 Lastly, we strengthen the concept that phylogeny 
can be an important way of tracing epidemiological 
relationships in cases with unknown links. 





Serum samples were collected from 25 patients with 
chronic HCV, attending the University Hospital of 
Catanzaro during the period 2003–2009. All patients 
were Italians and came from different areas of Calabria. 



METODI 
 
A first dataset was used for genotyping the HCV Italian isolates and consisted 
of 68 HCV NS5B specific reference sequences plus 25 HCV NS5B sequences 
of Italian isolates (from Calabria region).  
 
A second dataset was built to prove that Italian clusters were not split by 
foreign sequences and consisted of 183 HCV 4d NS5B reference sequences, 
plus 19 HCV 4d NS5B sequences of Italian isolates (from Calabria region). 
 
A third dataset was used to estimate the evolutionary rate and included all 
available dated 4d HCV NS5B sequences collected between 1990 and 2006 
plus 19 HCV NS5B sequences of genotype 4d from Italian patients collected 
between 2003 and 2009.  
 
fourth dataset, was used for the reconstruction of HCV 4d time-scaled 
phylogeny and for population dynamic analysis with fixed evolutionary rate 
computed in the third data set. It included only the 19 HCV NS5B genotype 4d 
Italian isolates (from Calabria region) collected between 2003 and 2009. 



19 (76%) were 
classified as 
genotype 4d,  
2 (8%) as 
genotype 4a,  
1 (4%) as 
genotype 1b 
and 3 (12%) as 
genotype 2a. 
 





Italian isolates 



 
 
the sub-clade dated to 1972 
contained sequences from 
pat ients not repor t ing 
intravenous drug user as risk 
factor 
 
all Italian patients reporting 
intravenous drug users as 
primary risk factor  grouped 
in the sub-clade dated to 
1974. 

NO IDUs 

IDUs 

According to a plausible hypothesis, exposure to genotype 4d may have been caused by contact of the Italian soldiers or settlers with 
African populations during Italian colonialism (1922-1940).  
 
During the 1930s, emigration to the colonies was encouraged as a solution to the problems of South Italy's population growth.  
 
In 1938-1939, Italians were 89,098 in Lybia ,75,000 in Eritrea and nearly 20,000 in Somalia. From 1936 to 1941 Italians in  Ethiopia were 
roughly 300,000, one-third of these were military personnel.  
 
They returned to their villages of origin at the end of the 2nd World War, likely introducing genotype 4 in local communities  
 



The growth of the genotype 4d Italian epidemic was not gradual. It was maintained in a steady non-
expanding 
phase until late 1970s, likely by sporadically acquired infections. After that, it grew exponentially 
between 
1975 and 1990. The exponential growth of  started at least 15 years after the Italian HCV incidence peak 
and 
after the broad introduction of disposable syringes in 1975.  
exponential growth was probably sustained by the vast increase in blood transfusions and the spread of 
illicit intravenous drug user which peaked in Europe in late 1960s.  
The decline of the epidemic growth around 1990s coincides with the availability of safer blood 
products and blood transfusions since 1994 
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Abstract

Human immunodeficiency virus type 2 (HIV-2), originally restricted to Western Africa, is now spreading to
Western European countries because of migration from endemic areas. Therefore, it is mandatory to enforce the
surveillance and improve the diagnostics of this neglected infection. In this report, we describe a case of HIV-2
infection affecting an Italian citizen along with three cases from India. Phylogenetic analysis showed that the viral
strain identified in the Italian patient clustered with a strain isolated from an immigrant living in France. Of the
three Indian strains, two clustered together and were statistically supported, whereas one clustered with a strain
from Guinea Bissau. The description of the first case of HIV-2 infection in an Italian citizen indicates that the virus
is spreading from endemic areas to countries involved in migration. A strict monitoring and improvement of the
diagnostic molecular tools are necessary to avoid misdiagnosis with relevant clinical consequences.

Introduction

Human immunodeficiency virus type 2 (HIV-2) was
first isolated from patients with AIDS originating from

Cape Verde and Guinea-Bissau.1,2 HIV-2 infections, geo-
graphically restricted to West Africa, have been also reported
in European countries such as France, the United Kingdom,
and Portugal.3–5 HIV-2 infection in West African countries is
endemic6,7 and the risk of transmission in Europe could be-
come relevant because of the increase of migration and in-
ternational travel.

The incidence of HIV-2 infection declined over the years
1990–2000,8,9 with a number of infections mostly caused by
groups A or B. Up to now, six groups of HIV-2 have been
identified: A to F.10,11

This infection may be appreciable in countries with a high
number of foreign citizens such as Italy where a considerable
number of immigrants also come from Western African
countries (http://epp.eurostat.ec.). In Italy, the use of HIV-2-
specific diagnostic assays for the screening of blood donations
became mandatory in 1992, but unfortunately the genetic
variability of HIV still represents a challenge, especially in
the initial phase of HIV-2 diagnosis. Moreover, the cross-
reactivity between anti-HIV-2 antibodies and the envelope
glycoproteins of HIV-1 may lead to a misclassification of the
patient as HIV-2 negative. To reduce this risk, recently, two
HIV-2-specific proteins (sgp105 and gp36) have been added to

the strip used for Western blot analysis (INNO-LIA HIV I/II
Score, Innogenetics, Ghent, Belgium).

The surveillance and correct diagnosis of HIV-2 infection
may be important for both appropriate therapy and reduc-
tions in the risk of transmission. Here, we describe four cases
of suspected HIV-2 infection confirmed by Western blot
analysis, real-time polymerase chain reaction (PCR), and
phylogenetic analysis.

Material and Methods

Samples collection

Plasma samples from one Italian and three Indian patients
tested previously positive to HIV-1/2 antibodies were col-
lected and stored at - 80!C until analysis. The Italian sample
was collected in Rome, whereas the Indian samples were from
the following cities: Bombay (Maharashtra State), Hubli
(Karnataka State), and Lucknow (Utter Pradesh State). The
demographic and clinical features of the patients are reported
in Table 1.

Western blot analysis

To confirm and define the positivity to HIV antibodies, a
Western blot assay was carried out according to the manu-
facturer’s instructions (INNO-LIA HIV I/II Score, In-
nogenetics, Ghent, Belgium).
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Real-time PCR and sequencing analysis

HIV-1 was searched by real-time PCR using the Abbott Re-
alTime HIV-1 assay according to the manufacturer’s instructions
(Abbott molecular, Des Plaines, IL). Plasma RNAs were run on
the m2000 system, a platform capable of automated RNA ex-
traction and PCR set-up, followed by amplification/detection.

HIV-2 was instead detected by an HIV-2 Real Time RT-PCR
kit (Shanghai ZJ Bio-tech Co., Ltd., Shanghai, China). Plasma
samples were extracted by a QIAamp Viral RNA Mini kit
(Qiagen, Milan, Italy) and 5 ll was added to the PCR mix ac-
cording to the indications of the manufacturer. Positive samples
were further characterized by amplification and sequencing of a
546-bp fragment of the HIV-2 V3 region.12

Phylogenetic analysis

The HIV-2 env sequence (V3 region 12) of four patients ( IT1,
IN 1, 2, and 3) were aligned and compared using two different

data sets: (1) reference sequences downloaded from the Los
Alamos database (http://www.hiv.lanl.gov/content/index)
and (2) sequences downloaded from the NCBI database with
similarity > 90% (http://blast.ncbi.nlm.nih.gov/Blast.cgi).
All the sequences in both data sets were aligned using
CLUSTAL X13; then the sequences were manually edited with
the Bioedit program and gaps were removed from the final
alignment. The accession numbers of the sequences used are
listed in the phylogenetic tree of Fig. 1.

The phylogenetic tree was constructed using the PAUP
package.13 We employed the general reversible model (HKY)
of nucleotide substitution, incorporating maximum likeli-
hood (ML) estimates of base composition and the shape pa-
rameter (x) of a gamma distribution (c) model of among-site
rate variation as it consistently gave much higher likelihood
values using Modeltest v.3.7 implemented in PAUP.13 The
maximum likelihood tree was estimated under this model
using tree bisection-reconnection (TBR) branch swapping.
The statistical robustness and reliability of the branching or-
der within each phylogenetic tree were confirmed through a
bootstrap analysis using 1000 replicates for the neighbor-
joining (NJ) tree and through the zero branch length test for
the ML tree.13The tree was rooted with a midpoint rooting.

Nucleotide sequences accession number

The nucleotide sequences obtained with this study have
been deposited in GenBank under the following accession
numbers: JF717827–JF717830.

FIG. 1. Phylogenetic relationships of the Italian and Indian HIV-2 isolates with the subtype-specific reference sequences
downloaded from the Los Alamos sequence database (www.hiv.lanl.gov/content/index). The reference sequences used in
the analysis are shown in the tree with their original accession numbers. The asterisks (*) along a branch represent significant
statistical support for the clade subtending that branch ( p = 0.001 in the zero-branch-length test; bootstrap support 75%). The
scale bar indicates 0.09 nucleotide sequence divergence.

Table 1. Demographic and Clinical Characteristics
of HIV-2-Infected Patients

Patient Sex CD4 + level HIV-2 viremia, cp/ml Coinfection

IN 1 Male 30 1855 HBV
IN 2 Male 110 301849 No
IN 3 Male 950 NA No
IT 1 Female 389 399221 No

1334 CICCOZZI ET AL.



The circulation of HIV-2 is mainly restricted to countries of West Africa. However, 
immigration from this African region has led to the spread of the virus to other 
continents with most of the cases diagnosed in France and Portugal. 
 
In Italy, the attention in regard to this neglected infection recently increased, 
especially among immigrants. 
 
we describe the first Italian case of HIV-2 infection along with three cases from 
India. A phylogenetic analysis was carried out to determine the genetic features of 
these four HIV-2 strains. Of the three Indian strains, two were highly related, 
suggesting that they shared the same source of infection.  
 
The third sequence clustered with a strain from Guinea Bissau. However, the 
similarity between this Indian strain and the Guinea Bissau strain is not suggestive 
of a recent common ancestor.  
About the Italian strain, it clustered with a sequence isolated in France. It seems 
that the common ancestor of these two viruses was in Africa with two importations 
into Europe, indicating that this clade of viruses has been evolving in France and 
Italy for decades. Likewise, the phylogeny cannot indicate the direction of travel, 
and it is as likely that the French virus came through Italy as it is that the Italian 
virus came through France.  
 



An epidemiological investigation in 
reconstructing a probable transmission 
network: a case report  
  
Eugenio Nelson Cavallari1, Eleonora Cella2, Claudia Montagna3, SaraSerafino1, Pietro 
Vittozzi1, Alessandra Lo Presti2, Laura Mazzuti3, Ombretta Turriziani3,Giancarlo Ceccarelli1, 
Gabriella d’Ettorre1, Vincenzo Vullo1, Massimo Ciccozzi 
 
 

To reconstruct the transmission network between two HIV-1 infected subjects, a 
phylodinamic analysis was conducted. The dated tree allowed to date the 
transmission event, the time point and direction of the transmission estimated on 
the basis of the phylogeny, and agreed with the presumptive time of infection on 
the basis of clinical history-taking. 
We recently described a case of an HIV subtype C transmission by a 
needle stick injury in a nurse from an infant, and a case of  HIV-1 infection 
with a BFB putative recombinant form in a 24-year-old Italian soldier in 
service in Kabul, Afghanistan. In both these cases was underlined the 
importance of the phylogenetic and phylodinamic analysis to support the 
epidemiological investigation in reconstructing the transmission network.  
In the present case report, a case of “parental” transmission between  a man 
and a women living together was described  to  mark  once more the importance 
of the “tightened collaboration” between phylogeny and epidemiology. 



EPIDEMIOLOGICAL INVESTIGATION 
 
At the time of their presentation to our clinical center the male was 30 years old 
and the female was 21 years old.  
 
He became addicted to injective drugs in 1996 by the age of 14 years old and 
reached the rehabilitation community after 14 years of drug abuse, during which he 
was used to needle exchange practice. 
 
 She was addicted to injective drugs from the age of 12 years old until the age of 
19 years old, she also practiced needle exchanges;  
 
they knew each other when she reached his same rehabilitation community. 
 
At the beginning of April 2013 he came to our attention because of a suspected 
infection with Hepatitis C Virus (HCV).  
 
The patient reported a virulent and recent episode of shingles of the right hemi-
thorax. At the physical examination we noticed the presence of several genital 
lesions suggestive of condylomas.  
 
 
 



On the basis of the epidemiological history and these clinical findings, we 
proposed the patient to be tested for HIV infection. He was found to be HCV IgG 
positive and HCV RNA negative  
 
 
he resulted HIV-Ag/Ab positive with an HIV RNA of 102,900 copies/ml  
and a CD4+ T cells count of 20 cells/µL  
 
Due to this novel findings, the girlfriend of the patient was proposed to test for HIV 
and HCV infections. She resulted HIV-Ag/Ab negative, HCV IgG positive and HCV 
RNA negative.  
After 2 weeks the woman presented to  the emergency Department of an urban 
hospital for elevated fever and skin rash on every part of the body. The patient 
was discharged with diagnosis of “Viral Infection” and with the indication to 
present in Infectious diseases ambulatory. 
 
The day after the disclosure the patient arrived to our centre and she reported a 
delay of two days in the period. She was tested for β-HCG, that resulted positive. 
The research for HIV-Ag/Ab was repeated and resulted negative again, As stated 
by the DHHS guidelines, in consideration of an HIV RNA <10,000 copies/ml with a 
negative HIV-Ag/Ab test, we repeated the HIV RNA test on a different specimen 
from the same patient and found an HIV RNA of 1,302,000 copies/ml.  



At the beginning of May she experienced a spontaneous abortion due to acute 
retroviral syndrome. To support the epidemiological investigation, we reconstructed 
the transmission network within a calendar timescale on the basis of a recently 
described phylogenetic-statistical framework using the env viral sequences from the 
two subjects  
 
Our patient’s isolates formed a significant monophyletic cluster (posterior probability 
=1) showing a strong relationship and affirming to have infected by the same virus. 
 
 
In the male dating the male sequence was in relationship with a sequence from 
USA and the tMRCA (Time to Most Recent Common Ancestor) was estimated to be 
of 1998 (95% HPD: 1991-2004). 
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SUHGRPLQDQW�VHURW\SH��7KH�FR�FLUFXODWLRQ�RI� WKHVH�YLUXVHV�
indicates that mosquitoborne infections represent a public 
KHDOWK�WKUHDW�LQ�<HPHQ�

9HFWRUERUQH�LQIHFWLRQV�DUH�QRW�XQFRPPRQ�LQ�WKH�0LG�
GOH�(DVW��1���,Q�SDUWLFXODU��UHFXUUHQW�RXWEUHDNV�RI�GHQ�

JXH� IHYHU� KDYH� EHHQ� UHSRUWHG� RQ� WKH�$UDELDQ� 3HQLQVXOD�
VLQFH�������2���,Q�<HPHQ��GHQJXH�YLUXV��'(19��LQIHFWLRQV�
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GHQJXH� KHPRUUKDJLF� IHYHU� ZHUH� LGHQWL¿HG� �5��� ,Q� ����±
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The Study
7KH� VWXG\� VLWH�ZDV� UHSUHVHQWHG�E\���KRVSLWDO� FHQWHUV�

�5HQDO�&HQWHU��0DULWLPH�&ROOHJH��$O�5DVKHHG��$O�7KDZUD��
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KRVSLWDOL]HG� GXULQJ� ����� ZHUH� UHFUXLWHG� IRU� WKH� VWXG\� LI�
WKH\�KDG�IHYHU��!�����&��DQG�DW�!��RI�WKH�IROORZLQJ�VLJQV�
RU�V\PSWRPV�DW�WKH�WLPH�RI�DGPLVVLRQ��KHDGDFKH��MRLQW�SDLQ��
PXVFOH�SDLQ��VNLQ�UDVK��6HUXP�VDPSOHV�ZHUH�FROOHFWHG�ZLWK�
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:H�XVHG�WKH�0D[ZHOO����9LUDO�7RWDO�1XFOHLF�$FLG�3X�
UL¿FDWLRQ�.LW�ZLWK� WKH�0D[ZHOO� ��� LQVWUXPHQW� �3URPHJD��
0DGLVRQ��:,��86$�� DFFRUGLQJ� WR� WKH�PDQXIDFWXUHU¶V� LQ�
VWUXFWLRQV�WR�H[WUDFW�QXFOHLF�DFLGV�IURP�WKH�VHUXP�VDPSOHV��
:H�WKHQ�DQDO\]HG�WKH�QXFOHLF�DFLGV�E\�XVLQJ�'(19��DQG�
&+,.9�VSHFL¿F�3&5� VHTXHQFHV�� DV� SUHYLRXVO\� GHVFULEHG�
IRU�'(19�DQG�DGDSWHG�IRU�&+,.9��7�8���7R�IXUWKHU�FRQ�
¿UP�WKH�UHVXOWV��ZH�DPSOL¿HG�DQG�WKHQ�VHTXHQFHG�NS1 and 
E1�JHQHV�IURP�'(19��DQG�RU�&+,.9�SRVLWLYH�VHUXP�VDP�
SOHV��WKH�VHTXHQFHV�ZHUH�GHSRVLWHG�LQ�*HQ%DQN��DFFHVVLRQ�
QRV��.-������±�����

:H�XVHG�WKH�1RYD/LVD�'HQJXH�,J0��DQG�,J*�(/,6$V�
DQG� WKH� 1RYD/LVD� &KLNXQJXQ\D� ,J0�� DQG� ,J*�FDSWXUH�
(/,6$V� �1RYD7HF� OPPXQGLDJQRVWLFD� *PE+�� 'LHW]HQ�
EDFK��*HUPDQ\�� DFFRUGLQJ� WR� WKH�PDQXIDFWXUHU¶V� LQVWUXF�
WLRQV� WR� DQDO\]H� VHUXP� VDPSOHV� IRU� ,J0� DQG� ,J*�� 6WXG\�
SDUWLFLSDQWV�ZLWK�,J0�(/,6$±�DQG�RU�3&5�SRVLWLYH�UHVXOWV�
ZHUH� GH¿QHG� DV� UHFHQWO\� RU� DFXWHO\� LQIHFWHG�ZLWK�'(19� 
RU�&+,.9�

2YHUDOO������SHUVRQV�ZHUH�HQUROOHG�LQ�WKH�VWXG\��7KH�
PHGLDQ�DJH�ZDV����\HDUV��UDQJH��±�����7KH�PHGLDQ�LQWHU�
YDO�EHWZHHQ�IHYHU�RQVHW�DQG�VDPSOH�FROOHFWLRQ�ZDV���GD\V�
�UDQJH��±���

2I�WKH�����VWXG\�SDUWLFLSDQWV������������ZHUH�,J0�RU�
3&5�SRVLWLYH� IRU�'(19�51$��2I� WKRVH�����SHUVRQV�����
������KDG�,J0�����������ZHUH�SRVLWLYH�E\�3&5��DQG����
�����KDG�,J0��DQG�3&5�SRVLWLYH�UHVXOWV��2I�WKH����3&5�
SRVLWLYH� VDPSOHV�� ���ZHUH�'(19���DQG���'(19����7KH�
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E\�XVLQJ�D�'(19�VHURW\SH±VSHFL¿F�3&5��2I�WKH�����VWXG\�
SDUWLFLSDQWV�� ���� �������� KDG� ,J*� DJDLQVW� '(19�� 7KHLU�
GLVWULEXWLRQ�E\�GLDJQRVWLF�FDWHJRU\�LV�VKRZQ�LQ�7DEOH���

2I� WKH� ���� SDUWLFLSDQWV�� ��� ������ZHUH� ,J0� DQG�RU�
3&5�SRVLWLYH�IRU�&+,.9�51$�����������ZHUH�,J0�SRVL�
WLYH�����������ZHUH�3&5�SRVLWLYH��DQG���ZDV�SRVLWLYH�E\�
ERWK�PHWKRGV��2I�WKH�����SDWLHQWV�ZLWK�QHJDWLYH�,J0�3&5�
UHVXOWV������������KDG�,J*�DJDLQVW�&+,.9�

1R� VDPSOHV� ZHUH� 3&5� SRVLWLYH� IRU� ERWK� YLUXVHV��
+RZHYHU�� ��� VDPSOHV� KDG� ,J0� DJDLQVW� ERWK� YLUXVHV�� DQG�
��KDG�SRVLWLYH�UHVXOWV�IRU�'(19�E\�3&5�DQG�&+,.9�,J0� 
E\�(/,6$�

7KH� PRQWKO\� GLVWULEXWLRQ� DQG� WKH� SURSRUWLRQ� RI�
'(19�� DQG� &+,.9�SRVLWLYH� FDVHV� DUH� VKRZQ� LQ� )LJXUH�
���3HDNV�ZHUH�REVHUYHG�GXULQJ�)HEUXDU\��ZKHQ�WKH�KLJKHVW�
QXPEHU�RI�FKLNXQJXQ\D�FDVHV�ZDV�REVHUYHG��DQG�HVSHFLDOO\�
0D\��ZKHQ�WKH�KLJKHVW�QXPEHU�RI�GHQJXH�IHYHU�FDVHV�ZDV� 

� (PHUJLQJ�,QIHFWLRXV�'LVHDVHV���ZZZ�FGF�JRY�HLG���9RO������1R�����$XJXVW������ ����

$XWKRU� DI¿OLDWLRQV�� ,VWLWXWR� 6XSHULRUH� GL� 6DQLWj�� 5RPH�� ,WDO\� 
�*��5H]]D��)��9HVFLR��0��&LFFR]]L���$OH[DQGULD�8QLYHUVLW\��$OH[DQGULD�� 
(J\SW� �*�� (O�6DZDI�� *�� +HODO\�� '�� 0HWZDOO\���$UP\� 0HGLFDO� DQG�
9HWHULQDU\� 5HVHDUFK� &HQWHU�� 5RPH� �*�� )DJJLRQL�� 5�� 'H� 6DQWLV�� 
$��3RPSRQL��)��/LVWD���8QLYHUVLW\�RI�6DQD¶D��<HPHQ� �5��$O�$PHUL��
+��4DGL���DQG�8QLYHUVLW\�RI�5RPH�7RU�9HUJDWD��5RPH��0��)DQWLQL�

'2,��KWWS���G[�GRL�RUJ���������HLG�����������



REVHUYHG��$�ORZ�QXPEHU�RI�FDVHV�ZHUH�UHSRUWHG�LQ�1RYHP�
EHU�DQG�'HFHPEHU�

6WXG\� SDUWLFLSDQWV�ZLWK�&+,.9� LQIHFWLRQ� �PHDQ� DJH�
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D�VPDOO�VWXG\�ZDV�FRQGXFWHG�ZLWK����SDWLHQWV�ZLWK�GHQJXH�
OLNH� LOOQHVV�� DQG�RQO\� ��ZHUH�3&5�SRVLWLYH� IRU�'(19����
IRU�'(19���DQG���IRU�'(19����GDWD�QRW�VKRZQ���,Q������
LQ� $O�0XNDOOD�� WKH� FDSLWDO� RI� WKH� GLVWULFW� RI� +DGUDPRXW��
'(19���ZDV�DOVR�GHWHFWHG� LQ�SDWLHQWV�ZLWK�GHQJXH�IHYHU�
DQG�GHQJXH�KHPRUUKDJLF�IHYHU��5�9).

7KH�KLJK�SUHYDOHQFH��!�����RI�'(19�,J*�LQ�RXU�VWXG\�
SRSXODWLRQ�VXJJHVWV�SDVW�H[SRVXUH�WR�'(19��5HODWLYHO\�KLJK�
UDWHV�RI� ,J*�ZHUH� DOVR� IRXQG�GXULQJ� WKH�RXWEUHDN� WKDW� RF�
FXUUHG�LQ������LQ�+DGUDPRXW��ZKHUH�����RI�'(19�,J0±
SRVLWLYH� DQG� ���� RI� '(19� ,J0±QHJDWLYH� SDWLHQWV� ZLWK�
GHQJXH�OLNH� LOOQHVV�ZHUH� SRVLWLYH� IRU�'(19� ,J*� �4��� 7KH�
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UHLQWURGXFWLRQ�RI�GLIIHUHQW�'(19�VHURW\SHV�LQ�<HPHQ�GDWHV�
EDFN� WR�������ZKHQ�D�VHFRQGDU\�KHWHURW\SLF�'(19�LQIHF�
WLRQ�ZDV�VXVSHFWHG�LQ�D�PDQ�ZKR�KDG�WUDYHOHG�IURP�'DODK�
�����PLOHV� IURP�$GHQ��� DQ� DUHD� HQGHPLF� IRU�'(19��7KH�
WUDYHOHU�KDG�GHQJXH�KHPRUUKDJLF�IHYHU�DQG�KLJK�DQWLERG\�WL�
WHUV�DJDLQVW�DOO���'(19�VHURW\SHV��10���,W�LV�ZHOO�NQRZQ�WKDW�
WUDYHOV�WR�DQG�IURP�'(19�HQGHPLF�DUHDV�DUH�FRPPRQ��DQG�
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'HQJXH�DQG�&KLNXQJXQ\D�9LUXVHV��$O�+XGD\GDK��<HPHQ

LPSRUWHG�FDVHV�IURP�HDVWHUQ�$IULFD��=DQ]LEDU��ZHUH�UHSRUWHG�
LQ�<HPHQ�DV�HDUO\�DV�WKH�QLQHWHHQWK�FHQWXU\��11�12���&LUFXOD�
WLRQ�RI�GLIIHUHQW�'(19�VHURW\SHV�KDV�DOVR�EHHQ�UHSRUWHG�LQ�
6DXGL�$UDELD��'(19���HPHUJHG�DV� WKH�SUHGRPLQDQW� VHUR�
W\SH�DIWHU�������DQG�'(19���DQG�'(19���VHURW\SHV�KDG�
EHHQ�DVVRFLDWHG�ZLWK�HDUOLHU�RXWEUHDNV��13).

:H�LGHQWL¿HG�D�UDWKHU�ODUJH�QXPEHU�RI�FDVHV�RI�UHFHQW�
RU�DFXWH�&+,.9�LQIHFWLRQ��7KLV�¿QGLQJ�LV�FRQVLVWHQW�ZLWK�D�
SUHYLRXV�HVWLPDWH�RI�������FDVHV�GXULQJ�2FWREHU�����±-DQ�
XDU\�������6��DQG�ZLWK�WKH�GHWHFWLRQ�RI�&+,.9�51$�LQ�Ae-
des aegypti�PRVTXLWRHV��WKH�GRPLQDQW�W\SH�RI�PRVTXLWR�LQ�
HQWRPRORJLF�LQYHVWLJDWLRQV�FRQGXFWHG�LQ�$O�+XGD\GDK��14).

7KH�FLUFXODWLRQ�RI�PRVTXLWRERUQH�YLUXVHV�LQ�D�GU\�DUHD�
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IDYRU�A. aegypti�PRVTXLWR�UHSURGXFWLRQ��0RUHRYHU��LQFUHDV�
LQJ�PLJUDWLRQ�DQG�XUEDQL]DWLRQ�PD\�IDYRU�WKH�LQWURGXFWLRQ�
DQG�VSUHDG�RI�WKHVH�LQIHFWLRQV��15).
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WKH� SUHYDOHQFH� RI� ,J*� DJDLQVW� '(19� PLJKW� KDYH� EHHQ�
RYHUHVWLPDWHG� EHFDXVH� RI� SRVVLEOH� FURVV�UHDFWLYLW\� ZLWK�
RWKHU�ÀDYLYLUXV�LQIHFWLRQV�
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a b s t r a c t

Yemen, which is located in the southwestern end of the Arabian Peninsula, is one of countries most
affected by recurrent epidemics caused by emerging vector-borne viruses. Dengue virus (DENV) out-
breaks have been reported with increasing frequency in several governorates since the year 2000, and
the Chikungunya virus (CHIKV) has been also responsible of large outbreaks and it is now a major public
health problem in Yemen. We report the results of the phylogenetic analysis of DENV-2 and CHIKV iso-
lates (NS1 and E1 genes, respectively) detected in an outbreak occurred in Al-Hudayda in 2012. Estimates
of the introduction date of CHIKV and DENV-2, and the phylogeographic analysis of DENV-2 are also
presented. Phylogenetic analysis showed that the Yemen isolates of DENV belonged to the lineage 2
Cosmopolitan subtype, whereas CHIKV isolates from Yemen belonged to the ECSA genotype. All the
CHIKV isolates from Yemen were statistically supported and dated back to the year 2010 (95% HPD:
2009–2011); these sequences showed an alanine in the aminoacid position 226 of the E1 protein. Phylog-
eographic analysis of DENV-2 virus showed that cluster 1, which included Yemen isolates, dated back to
2003 Burkina Faso strains (95% HPD 1999–2007). The Yemen, cluster dated back to 2011 (95% HPD 2009–
2012). Our study sheds light on the global spatiotemporal dynamics of DENV-2 and CHIKV in Yemen. This
study reinforces both the need to monitor the spread of CHIKV and DENV, and to apply significant mea-
sures for vector control.

! 2014 Elsevier B.V. All rights reserved.

1. Introduction

Arbovirus related infections are not uncommon in the Arabian
peninsula as well as in other countries in the Middle East and
North Africa (Hotez et al., 2012). Dengue (DEN) outbreaks have
been reported in Djibouti and in the Arabian peninsula since
1990 (Ooi and Gubler, 2011), and the Dengue virus (DENV) is
now endemic in Western and Southern regions of Saudi Arabia
(Ahmed, 2010).

Yemen, which is located in the southwestern end of the Arabian
Peninsula, is one of countries most affected by recurrent epidemics
caused by emerging vector borne viruses. Outbreaks of DEN fever
have been reported with increasing frequency since the year
2000 in several governorates, and Chikungunya virus (CHIKV) has
been also responsible of large outbreaks (EpiSouth, 2011) and it
is now a major public health problem in Yemen (Zayed et al.,
2012).

There is some evidence that several DENV serotypes circulated
in Yemen over the last decades. DENV-3 has been the predominant
serotype for a long time. In fact, DENV-3 caused a major outbreak
in the Western governorate of Al-Hudayda in 2005 (WHO, 2009).
The same serotype was detected in travelers from Yemen

http://dx.doi.org/10.1016/j.meegid.2014.08.010
1567-1348/! 2014 Elsevier B.V. All rights reserved.
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Yemen, which is located in the southwestern end of the Arabian Peninsula, is 
one of countries most affected by recurrent epidemics caused by emerging 
vector-borne viruses. Dengue virus (DENV) out- breaks have been reported 
with increasing frequency in several governorates since the year 2000, and the 
Chikungunya virus (CHIKV) has been also responsible of large outbreaks and it 
is now a major public health problem in Yemen. We report the results of the 
phylogenetic analysis of DENV-2 and CHIKV iso- lates (NS1 and E1 genes, 
respectively) detected in an outbreak occurred in Al-Hudayda in 2012. 
Estimates of the introduction date of CHIKV and DENV-2, and the 
phylogeographic analysis of DENV-2 are also presented.  
 



CHIKV virus) with Phyml 3.0 (http://www.atgc-montpellier.fr/
phyml/). The statistical robustness and reliability of the branching
order within the phylogenetic tree was confirmed with the boot-
strap analysis (bootstrap value P70%).

2.6. Evolutionary rate estimate

The evolutionary rate was estimated by using a Bayesian MCMC
approach (Beast v. 1.7.4, http://beast.bio.ed.ac.uk) (Drummond
et al., 2005; Drummond and Rambaut, 2007) implementing the
model selected with ModelTest using both a strict and an uncorre-
lated log-normal relaxed clock model. The data set used were the
second ones for both Dengue and Chikungunya viruses.

As coalescent priors, three parametric demographic models of
population growth (constant size, exponential, expansion growth)
and a Bayesian skyline plot (BSP, a non-parametric piecewise-con-
stant model) were compared. The best fitting models were selected
using a Bayes Factor (BF with marginal likelihoods). In accordance
with Kass and Raftery (1995), the strength of the evidence against
H0 was evaluated as follows: 2lnBF < 2, no evidence; 2–6, weak
evidence; 6–10, strong evidence; >10, very strong evidence. A neg-
ative value indicates evidence in favor of H0. Only values of P6
were considered significant.

Chains were conducted for at least 50 ! 106 generations, and
sampled every 5000 steps and for 150 106 generations, sampling

every 15,000th generation for DENV and CHIKV respectively. Con-
vergence of the MCMC was assessed by calculating the ESS for each
parameter. Only parameter estimates with ESS’s of >250 were
accepted. Maximum clade credibility trees were obtained from
the trees posterior distributions with the Tree-Annotator software
v 1.7.4, included in the Beast package (Drummond et al., 2005;
Drummond and Rambaut, 2007). Statistical support for specific
monophyletic clades was assessed by calculating the posterior
probability.

2.7. Phylogeographic analysis

The continuous-time Markov Chain (MCC) process over discrete
sampling locations implemented in BEAST (Drummond and
Rambaut, 2007) was used for the geographical analysis, imple-
menting the Bayesian Stochastic Search Variable Selection (BSSVS)
model which allows the diffusion rates to be zero with a positive
prior probability. Comparison of the posterior and prior probabili-
ties of the individual rates being zero provided a formal BF for test-
ing the significance of the linkage between locations. This analysis
was performed only for the Dengue 2 virus NS1 region (second
dataset).

The sampling locations were, Yemen, Australia, Brunei Darussa-
lam, Burkina Faso, China, East Timor, Guam, Indonesia, India, Paki-
stan, Singapore, Sri Lanka, and Vietnam.
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Fig. 1. Maximum likelihood tree including 9 isolates of Dengue NS1 gene plus 49 reference sequences. The isolate analyzed are in red. The tree was rooted by the midpoint
rooting. The scale bar at the bottom indicating 0.4 nucleotide substitutions per site. The " along the branches represents significant statistical support for the clusters
subtending that branch (p < 0.001 in the zero-branch-length test and bootstrap support P70%). Different lineages and subtypes are indicated by bracket. (For interpretation of
the references to color in this figure legend, the reader is referred to the web version of this article.)
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Phylogenetic analysis showed that the Yemen isolates of DENV belonged to 
the lineage 2 Cosmopolitan subtype,  
 



CHIKV isolates from Yemen belonged to the ECSA genotype.  
 
The final trees were manipulated in FigTree v. 1.4 for display.

The most probable location of each node was highlighted by label-
ing the branches with different colors.

3. Results

3.1. Likelihood mapping analysis

The phylogenetic noise of each data set was investigated by
means of likelihood mapping. For the Dengue virus polyprotein
the percentage of dots falling in the central area of the triangles
was 1.2% and 2.0% for the first and second dataset, respectively
(Fig. S1); since none of the dataset showed more that 30% of noise,
all of them contained sufficient phylogenetic signal. For the Chi-
kungunya virus in each data set the percentage of dots falling in
the central area of the triangles was 14.8% for the first dataset
and 18.3% for the second dataset (Fig. S2). As none of the datasets
showed more than 30% of noise, all of them showed a sufficient
phylogenetic signal.

3.2. Phylogenetic analysis

The ML tree for DENV, showed distinct clusters of the different
lineages and subtypes. The Yemen isolates belonged to the lineage
2 Cosmopolitan subtype (Fig. 1). All the isolates clustered in the
same statistically supported clade, indicating a unique epidemic.
Maximum likelihood (ML) phylogenetic analysis for Chikungunya
virus (Fig. 2) showed three distinct genotypes: West Africa, Asia

and East-central-South-African (ECSA) genotype. All the eight
sequences from Yemen belonged to the ECSA genotype and clus-
tered inside the clade which includes also the viruses isolated dur-
ing the Indian Ocean outbreak.

3.3. Evolutionary rate estimate

Bayes Factor analysis for Dengue virus showed that the relaxed
clock fitted the data significantly better than the strict clock (2lnBF
between the strict and relaxed clock was 15 in favor of the second).
Under the relaxed clock, the BF analysis showed that the BSP was
better than the other models (2lnBF > 24). The estimated mean
value of DENV-2 Cosmopolitan subtype NS1 gene evolutionary rate
was 8.23 ! 10"4 substitution/site/year (95% HPD 6.62 ! 10"4–
1.01 ! 10"3).

Bayes Factor analysis for CHIKV, showed that the relaxed clock
fitted the data significantly better than the strict clock (2lnBF
between the strict and relaxed clock was 90 in favor of the second).
Under the relaxed clock, the BF analysis showed that the BSP was
better than the other models (2lnBF > 100). The estimated mean
value of the CHIKV E1 evolutionary rate, was 1.037 ! 10"3 substi-
tution/site/year (95% highest posterior density interval HPD:
5.15 ! 10"4–1.716 ! 10"3).

Fig. 3 highlighted the Bayesian maximum clade credibility tree
of the 70 CHIKV E1 sequences which included the eight isolates
from Yemen. Clade I was statistically supported and included five
sequences from India, the eight isolates from Yemen, a sequence
from France that was a case imported from India (from Rajasthan

Fig. 2. Maximum likelihood phylogenetic analysis of 8 CHIKV partial E1 isolates from Yemen and 111 reference sequences. The scale bar at the bottom indicates 0.02
nucleotide substitutions per site. The # along the branch represents significant statistical support for the clade subtending that branch (bootstrap P70%). The isolates from
Yemen are indicated in bold.
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– Acc. Number FR846304) and six sequences from Buthan. All the
sequences from Yemen were included in a statistically supported
cluster and dated back to the year 2010 (95% HPD: 2009–2011).

3.4. Phylogeographic analysis of DENV-2 virus

Fig. 4 shows the time and location-annotated Bayesian maxi-
mum clade credibility tree of the DENV-2 Cosmopolitan subtype
NS1 gene sequences. The most probable locations of the internal
nodes are indicated by different colors, and the time to most recent
common ancestor (tMRCA) estimates under a relaxed molecular
clock model are highlighted. The phylogeographic analysis showed
that the root of the tree dated back 1964 (HPD 95% 1939–1984)
and highlighted three distinct clades (A, B and C). Clade A origi-
nated in Indonesia and included sequences from Australia, Brunei
Darussalam, China, East Timor, Guam, Indonesia, Singapore, Viet-
nam. Clade B originated in India and included sequences from
China, India, Pakistan and Sri Lanka. Clade C originated in Indonesia

and included sequences from Burkina Faso, Indonesia and Yemen.
All these Clade has been statistically supported by a state
probability P 0.35.

Phylogeographic reconstruction indicated the most probable
location of cluster 1 within Clade C, which included the Yemen iso-
lates and Burkina Faso sequences, probably was Burkina Faso and
dated back to 2003 (95% HPD 1999–2007). Moreover the Yemen
cluster alone dated back to 2011 (95% HPD 2009–2012).

3.5. CHIKV A226V mutation analysis

The presence of the mutation A226V in the 70 CHIKV E1
sequences (which also included the eight isolates from Yemen)
reported in Fig. 3 was investigated. The valine in the aminoacid
position 226 of the E1 sequences was identified in the cluster
which included the sequences from Reunion and Mauritius and
in the clade which included the sequences from India (isolated in
2007), Italy (collected in 2007), Sri Lanka (collected in 2008),

Fig. 3. Bayesian phylogenetic tree of 70 CHIKV partial E1 sequences. One ! along the branches represents significant statistical support for the clade subtending that branch
(posterior probabilities P98%). Years are reported on the scale axis below. Isolates from Yemen are colored in red. The cluster including the sequences Yemen is zoomed and
his date is reported in the node. The Valine or the Alanine in the aminoacid position 226 of the E1 sequences was indicated. (For interpretation of the references to color in this
figure legend, the reader is referred to the web version of this article.)
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CHIKV isolates from Yemen were statistically supported and dated back to 
the year 2010 (95% HPD: 2009–2011); these sequences showed an alanine 
in the aminoacid position 226 of the E1 protein.  
 



Phylogeographic analysis of DENV-2 virus showed that cluster 1, which included 
Yemen isolates, dated back to 2003 Burkina Faso strains (95% HPD 1999–2007). 
The Yemen, cluster dated back to 2011 (95% HPD 2009– 2012).  
 
Malaysia (collected in 2008), Bangladesh (collected in 2008),
Singapore (collected in 2008), Thailand (collected in 2008–2009),
China (collected in 2010), Cambodia (collected in 2011). All the
other sequences did not showed the mutation A226V. Thence,
the CHIKV strains which circulated in Yemen showed an alanine
in the aminoacid position 226 of the E1 protein.

4. Discussion

We recently described a simultaneous outbreak of DENV and
CHIKV in Al-Hudayda, a port city located in Western Yemen, in
2012. Although there was some evidence that DENV-1 serotype,
but not DENV-2, was already circulating in 2011, we found that
DENV-2 largely predominated in 2012 (Rezza et al., 2014). This
finding suggested that the DENV-2 serotype could have been newly
introduced in the area of Al-Hudayda, causing to an explosive out-
break. Actually, our evolutionary analysis confirmed that DENV-2
was introduced late in 2011, which is consistent with molecular
epidemiology data. With regard to CHIKV, we estimated that its
introduction dates back to 2010, which is rather consistent with
the reports of a massive epidemic that occurred in the area of
Al-Hudayda in 2011 (EpiSouth, 2011). In particular, it should be
mentioned that, in the same year, CHIKV was detected by PCR in
pools of Aedes aegypti mosquitoes collected in the governorate of
Al-Hudayda (Zayed et al., 2012).

These findings suggest that vector-borne viruses, such as
DENV and CHIKV, are continuously reintroduced in Yemen. Spe-
cifically, the site of our study, Al Hudayda, is a port city located
along the Red Sea coast, in the so-called Tihamah (‘‘hot lands’’

or ‘‘hot earth’’). Red sea ports, with movement of refugees and
intense human activities, are the entry gates for infected humans
and vectors, representing also a favorable habitat for mosquitoes.
Furthermore, water scarcity and lack of infrastructure in peri-
urban areas require storage of water for household, and water
containers also favor the breeding habitat of mosquitoes (Rezza
et al., 2014). To this regard, a case-control study conducted in Jed-
dah in 2004 identified a series of local and individual factors, such
as the presence of stagnant water in indoor drainage holes, indoor
larvae near construction sites, and older age, associated with
mosquito-borne infections. On the other hand, face-to-face health
education significantly decreased the risk of infection (Kholedi
et al., 2012).

Our phylogeographic analyses, based on DENV-2 Cosmopolitan
subtype NS1 gene sequences sampled from different countries
worldwide, suggested that Burkina Faso acted as viral source pop-
ulations for the Yemen epidemic strain. This could be explained by
the importation of travel-associated Dengue cases from Africa
(Jimenez-Lucho et al., 1984; Ravanini et al., 2010; Nicoletti et al.,
2008). Although the highest similarity was found with Burkina
Faso strains, an alternative hypothesis is that Yemen strains origi-
nated from India or Indonesia. The interpretation of this analysis
needs caution, since it relies on a limited number of data included
in the web and then biased by the lack of information on many epi-
demics occurred in tropical ares of Africa and Asia.

With regard to CHIKV virus, Yemen strains were similar to ECSA
strains causing the Indian Ocean outbreak after 2004. The lack of
the A226V mutation is consistent with the predominance of Aedes
aegypti as CHIKV virus vector in Yemen (Zayed et al., 2012).

Fig. 4. Bayesian phylogeographic tree of Dengue 2 cosmopolitan NS1 region sequences. The significant statistical support for the clade or cluster subtending the branch
(posterior probability P98%) is indicated with a black circle along that branch. Geographic locations showed with different colors in the tree are represent in the legend on
the left. In the right corner there is the zoom of the Yemen clade. The time of the most recent common ancestor, and the credibility interval based on 95% highest posterior
density interval (95% HPD) is also reported. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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Pitfalls 
 
Phylogenetic analysis of HIV gene sequences is complex and its 
findings do not achieve the levels of certainty obtained with the 
forensic analysis of human DNA.  
 
Although two individuals may carry HIV strains that are closely 
related, these will not necessarily be unique to the two parties and 
could extend to other persons within the same transmission network. 
 
two facts need to be proved: 
 
(1) that the defendant infected the complainant, and 
(2) that the defendant was ‘reckless’ (i.e. that at the 
relevant time he or she was aware of the risk of 
infecting the complainant). 



Thus, the appropriate interpretation would include the 
following questions. 
  
Have the appropriate controls been included? 
  
Are the two viruses more closely related to each other 
than to the controls? 
 
 Is there anybody else infected with the virus that is, or 
could be, also related? 
 
 
 Is there any other epidemiological evidence of linkage 
between individuals? 



the correct language should be:  
 
 
‘The viral sequences from the two subjects display a 
high level of similarity and are more closely related to 
each other than to other strains circulating in a 
population with the same epidemiological 
profile’.  
 
 
the possibility that an 
unknown third person might be involved, lead in the 
direction  of transmission that cannot be proven. 



HIV-1 and HCV sequences from Libyan outbreak 
NATURE|Vol 444|14 December 2006 

 

 

The story 
 
In May 1998, the Al-Fateh Children’s Hospital (AFH) in Benghazi, Libya 
noted their first case of HIV-1 infection.  
 
In September 1998, another 111 children who had been admitted to the 
hospital were found to be HIV-1 positive.  
 
The outbreak was reported by local hospital authorities and 
representatives from the World Health Organization (WHO) were sent to 
AFH in December 1998 to examine the cause of the infections. 
 
The resultant WHO report suggests that there were multiple nosocomial 
HIV-1 infections at AFH. The report also notes the lack of required 
medical equipment in the hospital. 



In total 418 children were infected with HIV-1 in the AFH outbreak 
 
 248 (59.3%) of these children were sent to hospitals in Geneva, Rome and 
Milan for care, treatment and virological assessment.  
 
Epidemiological data, available for 37 of the children, indicated that all of 
these children had undergone invasive procedures while in the hospital, or 
as outpatients.  
 
 
At the time of first observation, 216(87.1%) of the children were 
asymptomatic, or mildly symptomatic; 29 (11.7%) had moderately severe 
symptoms, and 3 (1.2%) had severe symptoms according the CDC 
classification system. 
 
 Serological testing of a subset of plasma specimens indicated that 75 
(43.1%) of 174 children were co-infected with HCV. 



In March 1998 six foreign doctors (five Bulgarian nurses and a 
medical doctor from Palestine) joined the medical staff at AFH. 
 
 
 One year later, these individuals were accused of 
purpose fully infecting more than 400 children with HIV-1. 
They have been detained in prison ( tortured) ever since.  
 
Epidemiological investigation  
there is a single introduction?????? 
 
In April 2003, at the court’s request, two international HIV/AIDS 
scientists, Luc Montagnier and Vittorio Colizzi conducted a scientific 
inquiry into the Benghazi outbreak. 
 In their report, they conclude that given the high rate of Hepatitis B 
and C infection amongst the children, the contamination was more 
likely to be caused by pre-existing poor hygiene practices rather than 
a single introduction. 

Stiring up the hell 



In May 2004, the foreign medical staff were imprisoned tortured , accused of 
terrorist act and then  condemned to death  
 
However, in response to international appeal, the Libyan Supreme Court 
ordered a retrial on the 25th of December 2005.  
 
The new trial began in Tripoli on the 11th of May 2006, and on the 29th of 
August, the prosecution again called for the medics to be sentenced to death.  
 
The last session of the trial began on the 4th of November 2006 and the final 
verdict was for the 19th of December. 
 
 Attorneys from Lawyers without Borders, who represented the 
defendants, have appealed to international AIDS experts to conduct an 
independent scientific inquiry into the history of the Benghazi HIV-1 
outbreak.  
 
The paper written was  a response to their appeal. 



Study Populations: 
The demographic and clinical data for the subset of 44 children available 
for HIV-1 sequence analysis was comparable to that of the entire 
European cohort.  
.  
 
 
Thirtythree (75.0%) of these children were asymptomatic, or mildly 
asymptomatic (N/A), 11 (25%) had moderately severe symptoms, and 1 
(2.3%) had severe symptoms. 
 
 
Twenty one (47.7%) had serological evidence of HCV co-infection. 
 
 
 Plasma specimens for HIV-1  gag gene  analyses were collected from 44 
children visiting the Bambino Gesù Children Hospital, Rome, Italy 
between 2000 and 2003. 
 
61 sera sample were collcted for HCV E1/E2 gene analysis from children 
visiting thr University Hospital in Geneva between 1998-2001 



Information recorded for each patient:  Demographic data Clinical history!

Immunologic parameters (CD4 and CD8) Virologic parameters (Viral load)!

Therapeutic history Genotypic mutations (protease, reverse transcriptase, 

integrase, gp120, gp41,)!



The HIV-1 sequences from the hospital form a well supported 
monophyletic cluster within the CRF02_AG clade, indicating that the 
outbreak arose from one CRF02_AG lineage. 
 
 The cluster is closest to three west African reference sequences  the 
basal location of which suggests that the Al-Fateh Hospital lineage 
arrived in Libya from there.  
 
the HCV sequences from the hospital formed three monophyletic 
clusters containing 
 11 subtype-4a sequences, phylogenetically placed among Egyptian 
subtype 4a lineages; 
 
22 sequences most closely related to a Cameroonian genotype-4 
strain; 
 
24 sequences belonging to the worldwide and prevalent subtype 1a;  
 
4  remaining sequences belong to genotype 4 



three west African 
 countries 

Egyptian subtype 
4a 

Cameroonian  
genotype-4 

Worldwide 1a 



4a 4 
 

1a subtypes Crf_02 AG 



these results supported the existing nosocomial 
transmission scenario and suggest that Al- Fateh Hospital 

had a long-standing infection- control problem.  
 

The earlier origin and greater number of HCV clusters 
than HIV-1 clusters reflect the higher transmissibility of 

HCV compared with HIV-1 by such routes. 
 
 

we showed that the HIV-1 and HCV strains responsible 
were being spread and transmitted among individuals 

attending the hospital before March 1998, indicating that 
many of the transmissions giving rise to the infection 

clusters must have already occurred before the foreign 
medical staff arrived. 

 



The  Libya’s  decision was  
 
 
to commute to life imprisonment the death sentences of five Bulgarian 
nurses and a Palestinian medic ( that began Bulgarian citizen).  
 
All six were imprisoned for eight years on false charges of deliberately 
infecting children with HIV in the hospital where they worked.  
 
 
The subsequent decision by Bulgaria’s president to pardon and release the 
six immediately ( when landed in Bulgarian territory) upon their extradition to 
Sofia. 
.  
 
 
The 17 July announcement that Libya’s Higher Judicial Council had 
commuted the death sentence to life imprisonment should have been 
accompanied by an explicit  acknowledgement that 
 
 the real cause of the outbreak was an accident stemming from insufficient 
infection controls and hospital safety precautions. 
 







What is the real tree? 
 
The answer is  
“ a real tree is like the truth , that is something that 
is found in a fund of a well  that do not have a 
fund” 

San Patrizio well 
Antonio da Sangallo il Giovane 
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SUMMARY 
A  total  of  9936  confirmed,  probable,  and  suspected  cases  of  Ebola  virus  disease  (EVD)  have  been  reported  in  five  
affected   countries   (Guinea,   Liberia,   Sierra   Leone,   Spain,   and   the  United  States  of  America)   and   two  previously  
affected  countries  (Nigeria  and  Senegal)  up  to  the  end  of  19  October.  A  total  of  4877  deaths  have  been  reported.   
 
The  outbreaks  of  EVD  in  Senegal  and  Nigeria  were  declared  over  on  17  October  and  19  October  2014,  respectively. 
 
EVD   transmission   remains   persistent   and   widespread   in   Guinea,   Liberia,   and   Sierra   Leone.   All   but   one  
administrative  district   in   Liberia   and  all   administrative  districts   in   Sierra   Leone  have  now   reported  at   least  one  
confirmed  or  probable  case  of  EVD  since  the  outbreak  began.  Cases  of  EVD  transmission  remain  lowest  in  Guinea,  
but  case  numbers  are  still  very  high   in  absolute   terms.  Transmission  remains   intense   in   the  capital  cities  of   the  
three  most  affected  countries.  Case  numbers  continue  to  be  under-reported,  especially  from  the  Liberian  capital  
Monrovia.   
 
Of   the   countries   with   localized   transmission,   both   Spain   and   the   United   States   continue   to  monitor   potential  
contacts.  On  21  October  the  single  patient  with  EVD  in  Spain  tested  negative  for  the  disease  for  a  second  time.  
Spain  will  be  declared  free  of  EVD  42  days  after   the  date  of   the  second  negative   test  unless  a  new  case  arises  
during  that  period. 
 
On  22  October  2014,  WHO  convened  the  third  Emergency  Committee  on  Ebola  under   the   International  Health  
Regulations  (2005). 
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HIGHLIGHTS 

x There have been 9936 EVD cases, and 4877 deaths, up to the end of 19 October. 
x The outbreaks of EVD in Senegal and Nigeria were declared over on 17 October and 19 

October 2014, respectively. 
x All districts in Sierra Leone have now reported at least one case of EVD. 
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COUNTRIES WITH WIDESPREAD AND INTENSE 
TRANSMISSION  
9191 (probable, confirmed and suspected; see Annex 2) cases and 
4546 deaths from EVD have been reported up to the end of 13 
October 2014 by the Ministry of Health of Liberia, and 14 October 
by the Ministries of Health of Guinea and Sierra Leone  
 

 1"

WHO:"EBOLA"RESPONSE"ROADMAP"UPDATE"
17"October"2014!
!
A! total! of! 9216! confirmed,! probable,! and! suspected! cases!of! Ebola! virus! disease! (EVD)! have!been!
reported!in!seven!affected!countries!(Guinea,!Liberia,!Nigeria,!Senegal,!Sierra!Leone,!Spain,!and!the!
United!States!of!America)!up!to!the!end!of!14!October.!There!have!been!4555!deaths.!A!second!EVDJ
negative!sample!was!obtained!from!the!single!confirmed!case! in!Senegal!on!5!September!(42!days!
ago).! WHO! officially! declares! the! Ebola! outbreak! in! Senegal! over.! Following! the! WHO! Ebola!
Response! Roadmap! structure1,! country! reports! fall! into! two! categories:! 1)! those!with!widespread!
and! intense! transmission! (Guinea,! Liberia,! and! Sierra! Leone);! and! 2)! those!with! an! initial! case! or!
cases,!or!with!localized!transmission!(Nigeria,!Senegal,!Spain,!and!the!United!States!of!America).!An!
overview! of! the! situation! in! the! Democratic! Republic! of! the! Congo,! where! a! separate,! unrelated!
outbreak!of!EVD!is!occurring,!is!also!provided!(see!Annex!1).!"
!
1."COUNTRIES"WITH"WIDESPREAD"AND"INTENSE"TRANSMISSION!
9191!(probable,!confirmed!and!suspected;!see!Annex!2)!cases!and!4546!deaths!from!EVD!have!been!
reported!up!to!the!end!of!13!October!2014!by!the!Ministry!of!Health!of!Liberia,!and!14!October!by!
the!Ministries!of!Health!of!Guinea!and!Sierra!Leone!(table!1).!
!
Table"1:"Ebola"virus"disease"cases"and"deaths"in"Guinea,"Liberia,"and"Sierra"Leone"

Country" Case"definition" Cases" Deaths!

Guinea!

Confirmed! 1217! 671!

Probable! 191! 191!

Suspected! 111! 0!

All" 1519" 862"

Liberia!

Confirmed! *! *!

Probable! *! *!

Suspected! *! *!

All! 4262" 2484"

Sierra"Leone!

Confirmed! 2977! 932!

Probable! 37**! 161**!

Suspected! 396! 107!

All" 3410" 1200"

Total! ! 9191" 4546"

*Stratified*data*are*temporarily*unavailable*for*Liberia.***For*Sierra*Leone,*124*more*probable*deaths*have*been*reported*

than*have*probable* cases.*Data*are*based*on*official* information* reported*by*Ministries* of*Health*up* to* the* end*of*14*

October*2014*for*Guinea*and*Sierra*Leone,*and*13*October*2014*for*Liberia.*These*numbers*are*subject*to*change*due*to*

onHgoing*reclassification,*retrospective*investigation*and*availability*of*laboratory*results.*

                                                             
1!The!Ebola!Response!Roadmap!is!available!at:!http://www.who.int/csr/resources/publications/ebola/responseJroadmap/en/.!



CRITERIA USED TO CLASSIFY EBOLA CASES  
Ebola cases are classified as suspected, probable, or confirmed depending on 
whether they meet certain criteria  
 
 
 
 
Ebola case-classification criteria  
 
 

 4"

ANNEX"1."EBOLA"OUTBREAK"IN"THE"DEMOCRATIC"REPUBLIC"OF"THE"CONGO!

As!at!9!October!2014,!and!following!a!retrospective!laboratory!review!of!cases,!there!have!been!68!
cases! (38! confirmed,! 28! probable,! 2! suspected)! of! Ebola! virus! disease! (EVD)! reported! in! the!
Democratic!Republic!of! the!Congo,! including!eight!among!healthJcare!workers! (HCWs).! In!total,!49!
deaths!have!been!reported,!including!eight!among!HCWs.!!
!
852!contacts!have!now!completed!21Jday!followJup.!Of!269!contacts!currently!being!monitored,!all!
(100%)!were!seen!on!9!October,!the!last!date!for!which!data!has!been!reported.!The!last!confirmed!
case!was!isolated!on!4!October.!This!outbreak!is!unrelated!to!that!affecting!Guinea,!Liberia,!Nigeria,!
Sierra!Leone,!Spain,!and!the!United!States!of!America.!

ANNEX"2."CRITERIA"USED"TO"CLASSIFY"EBOLA"CASES!

Ebola! cases! are! classified! as! suspected,! probable,! or! confirmed! depending! on!whether! they!meet!
certain!criteria!(table!3).!

Table"3:"Ebola"case[classification"criteria"

Classification" Criteria!

Suspected!

Any!person,!alive!or!dead,!who!has!(or!had)!sudden!
onset!of!high!fever!and!had!contact!with!a!suspected,!
probable!or!confirmed!Ebola!case,!or!a!dead!or!sick!
animal!OR!any!person!with!sudden!onset!of!high!fever!
and!at!least!three!of!the!following!symptoms:!
headache,!vomiting,!anorexia/!loss!of!appetite,!
diarrhoea,!lethargy,!stomach!pain,!aching!muscles!or!
joints,!difficulty!swallowing,!breathing!difficulties,!or!
hiccup;!or!any!person!with!unexplained!bleeding!OR!
any!sudden,!unexplained!death.!

Probable!

Any!suspected!case!evaluated!by!a!clinician!OR!any!
person!who!died!from!‘suspected’!Ebola!and!had!an!
epidemiological!link!to!a!confirmed!case!but!was!not!
tested!and!did!not!have!laboratory!confirmation!of!the!
disease.!

Confirmed!
A!probable!or!suspected!case!is!classified!as!confirmed!
when!a!sample!from!that!person!tests!positive!for!
Ebola!virus!in!the!laboratory.!
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Ebola modeled glycoprotein in new epidemic. In cyan and green are shown 
respectively the Mucin-like and Receptor-Binding regions of GP1, in red the 
GP2. Van der Wall surfaces of amino acid mutated positions are shown, among 
them the novel mutated positions characteristics of the new epidemic are 
highlighted. 



Impact of Ebola glycoprotein amino acid mutation in the neutralizing antibody 
recognition. a) In blue and red are shown respectively the neutralizing antibody 
and Ebola glycoprotein reference sequence (modified by PDB ID: 3CSY). b) 
Tridimensional alignment between Ebola glycoprotein belonging to the reference 
sequence (red) and with amino acid mutations characteristic of new epidemic 
sequences (yellow).  c) Ebola glycoprotein and neutralizing antibody site of 
interaction with GP reference sequence and contribution of Ala 503. d) Ebola 
glycoprotein and neutralizing antibody site of interaction with GP sequence in the 
new epidemic and contribution of Val 503.  

a b

c

d

ALA	  503

VAL	  503



TABLE	  2.	  Likelihood	  Values	  and	  Parameter	  EsDmates	  for	  the	  SelecDon	  Analysis	  of	  the	  Glycoprotein	  Gene	  of	  Ebola	  Virus	   	  	  
Model	   Free	  parameters	   Log	  likelihood	   Parameters	  esDmates	   Avg	  	  ω	  
M0,	  one	  raDo	   1	   -‐4083,45	  	  ω=	  0.399	   0.3990	  
M1,	  neutral	   1	   -‐4069,47	  p0=	  0.6533;	  p1=0.3467	   0.3467	  
M2,	  selecDon	   3	   -‐4064,66	  p0=	  0.6587;	  p1=0.3317;	  p2=0.0097;	  ω2=	  9.5546	   0.4309	  
M3,	  discrete	   5	   -‐4064,66	  p0=	  0.6385;	  p1=0.3513;	  p2=0.0102;	  ω0=	  0.0000;	  ω1=	  0.9536;	  ω2=	  9.3401	   0.4300	  
M7,	  beta	   2	   -‐4070,05	  P=	  0.00500,	  q=	  0.00736	   0.4000	  
M8,	  beta,	  and	  ω	   4	   -‐4064,67	  p0=	  0.98924	  ;	  P=	  0.02093;	  q=	  0.04029;	  p1=0.01076;	  ω=9.04322	   0.4284	  



	  CARAVAGGIO	  
Oil	  of	  107	  ×	  146	  cm	  realized	  	  between	  1600	  
and	  1601	  

Doub4ng	  of	  Sant	  Thomas	  
	  	  	  	  	  	  	  1571	  –	  	  1610	  


