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Emergence of XDR-TB
WHO concern over extensive drug resistant TB strains that are virtually untreatable

5 SEPTEMBER 2006 | GENEVA -- The World Health Organization (WHO) has expressed concern over the emergence of
virulent drug-resistant strains of tuberculosis (TB) and is calling for measures to be strengthened and implemented to prevent the
global spread of the deadly TB strains. This follows research showing the extent of XDR-TB, a newly identified TB threat which
leaves patients (including many people living with HIV) virtually untreatable using currently available anti-TB drugs.

Later this week, WHO will join other TB expetts at a two-day meeting in South Africa (7-8 September) to assess the response
required to critically address TB drug resistance, particularly in Africa, and will take part in a news conference scheduled for

Thursday, 7 September in Johannesburg.

What is XDR-TB?

MDR-TB (Multidrug Resistant TB) describes strains of tuberculosis that are resistant to at least the two main first-line TB drugs
- isoniazid and rifampicin. XPR-TB, or Extensive Drug Resistant TB (also referred to as Extreme Drug Resistance) is MDR-TB
that is also resistant to three or more of the six classes of second-line drugs.

The description of XDR-TB was first used earlier in 2006, following a joint survey by WHO and the US Centers for Disease
Control and Prevention (CDC).

Resistance to anti-TB drugs in populations is a phenomenon that oceurs primarily due to poorly managed TB care. Problems
include incorrect drug prescribing practices by providers, poor quality drugs or erratic supply of drugs, and also patient non-
adherence.

What is the current evidence of XDR-TB?

Recent findings from a survey conducted by WHO and CDC on data from 2000-2004 found that XDR-TB has been identified in
all regions of the world but is most frequent in the countries of the former Soviet Union and in Asia.

In the United States, 4% of MDR-TB cases met the criteria for XDR-TB.
In Latvia, a country with one of the highest rates of MDR-TB, 19% of MDR-TB cases met the XDR-TB criteria.

Separate data on a recent outbreak of XDR-TB in an HIV-positive population in Kwazulu-Natal in South Africa was
characterized by alarmingly high mortality rates.

Of the 544 patients studied, 221 had MDR-TB, Of the 221 MDR-TB cases, 33 were defined as XDR-TB. Of the 53 patients, 44
had been tested for HIV and all were HIV-positive.

52 of 53 patients died, on average, within 25 days including those benefiting from antiretroviral drugs.

Scarce drug resistance data available from Africa indicate that while population prevalence of drug resistant TB appears to be
low compared to Eastern Burope and Asia, drug resistance in the region is on the rise.

Given the underlying HIV epidemic, drug-resistant TB could have a severe impact on mortality in Africa and requires urgent
preventative action.

What action is required to prevent XDR-TB?

XDR-TB poses a grave public health threat, especially in populations with high rates of HIV and where there are few health care
resources. Recommendations outlined in the WHO Guidelines for the Programmatic Management of Drug Resistant :

Tuberculosis include:

s strengthen basic TB care to prevent the emergence of drug-resistance
+ ensure prompt diagnosis and treatment of drug resistant cases to cure existing cases and prevent further transmission
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. . .*; increase collaboration between HIV and TB control programmes to provide necessary prevention and care to co-infected
" patients
e increase investment in laboratory infrastructures to enable better detection and management of resistant cases.

The Expert Consultation on Drug Resistant TB, hosted by the South African Medical Research Council with support from WHO
and CDC, takes place in Johannesburg, 7-8 September..

A news conference wiil be held at 12.30pm, Thursday, 7 September, at the conference venue: Sunnyside Park Hotel, Parktown,
Johannesburg.

For more information contact:

Glenn Thomas

Stop TB Department
WHO

Mobile: +41 79 5 09 06 77
E-mail: thonasg@who.int

Dr Karin Weyer

Director, South African Medical Research Council
Unit for TB Operational and Policy Research

Tel: +27 12339 8550

Mobile: +27 82 4 60 88 36

E-mail: kweyer@mre.acea

Employment | Other UN Sites | Search | Suggestions | RSS | Privacy
© World Health Organization 2008, AlLrights reserved
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Summary. Outbreaks of highly pathogenic avian influenza (HPAT) have been
occurring in domestic poultry in Asia since 1996. In the beginning of 2004,
HPAI outbreaks were caused by H5N1 virus in two farms and a group of pet
chickens in different areas of Japan. In the present study, the pathogenicity of
A/chicken/Yamaguchi/7/04 (H5N1), which had been isolated from a dead chicken
during the first outbreak in Japan, was assessed in chickens, quails, budgerigars,
ducklings, mice, and miniature pigs by experimental infection. The virus was
highly pathogenic to all the birds tested. Mice were susceptible to infection with
a low mortality rate and miniature pigs were resistant to infection with the virus.

Introduction

A wide variety of species of birds and mammals are susceptible to influenza A virus
infection. Viruses of all 16 hemagglutinin (HA) (H1-H16) and 9 neuraminidase
(N1-N9) subtypes have been isolated from avian species [1, 6]. Aquatic birds are
the natural resexvoirs of influenza A viruses [12]. Influenza viruses are perpetuated
in nature by continuing to circulate in migratory ducks and frozen lake water
[9]. Based on the severity of the disease they cause in chickens, avian influenza
viruses are divided into two groups, highly pathogenic and low pathogenic [1].
Low pathogenic avian influenza (LPAI) viruses replicate in limited tissues where
host proteases such as trypsin-like enzymes are found. Highly pathogenic avian
influenza (HPAI) viruses possess inserted multiple basic amino acid residues at
the site of cleavage of their HAs into HA1 and HAZ2 by ubiquitous proteases such
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as furin and PC6 [8, 25]. This cleavage confeis infectivity to a greater number of
tissues, leading to a severe systemic disease, characterized by high mortality [14].
The HPAI viruses are restricted to subtypes H5 and H7, and viruses of these two
subtypes had been believed to be low pathogenic in the reservoir host, ducks, until
HPAI H5N1 viruses were isolated from bar-headed geese, brown-headed gulls,
and black-headed gulls, 2005, in China {4, 16].

Outbreaks of HPAIin poultry such as chickens and quails around the world
have caused high mortality and substantial economic losses, thereby nnpactmg
negatively on the poultry industry [1, 27]. Outbreaks have occurred often in the
last decade in North America, Europe, and Asia. In Asia, highly pathogenic H5N1
influenza viruses have been recognized since 1996 [28]. In 1997, HPAI viruses
were directly transmitted from birds to humans in Hong Kong, signaling the
necessity to clarify the ecology of avian influenza virus {26]. HPAI outbreaks
again occurred during 2001-2002 in Hong Kong [24]. In 2004, HPAI outbreaks
also ocemrred.in Cambodia, China, Indonesia, MaIayéia, Japan, Laos, South Korea,
Thailand, and Vietnam [15]. The HPAT virus, A/chicken/Yamaguchi/7/04 (H5N1),
isolated in Japan, 2004, was lethal to chickens [18]. The pathogenicity of this HPAI
virus in birds other than chickens and in mammals is not known. In order to de-
termine the pathogenicity of the virus in chickens, quails, budgerigars, ducklings,
mice, and miniature pigs, and to compare the pathogenicity of this HPAI virus in
those animals in parallel with that of other HSN1 influenza viruses, experimental
infection was carried out in the present study.

Materials and methods

Viruses

Influenza virus strain A/chicken/Yamaguchi/7/04 (H5N1) (Ck/Yamaguchi/04) was isolated

from a dead chicken during the first outbreak of HPAI in Japan and was provided by the

National Institute of Animal Health (Ibaraki, Japan) [18]. A/duck/Yokohama/ag-10/03 (H5N1)
_ (Dk/Yokohama/(3), isolated from duck meat imported from China, was provided by the

Animal Quarantine service (Kanagawa, Japan) [13, 19). R(A/duck/Mongolia/54/01-A/duck/

Mongolia/47/01) (H5N1) (R(Dk/Mong-Dk/Mong)) was a reassortant virus generated from

Alduck/Mongolia/54/01 (H5N2) and A/duck/Mongolia/47/0] (H7N1) which were isolated in
. our laboratory from fecal samples of wild ducks in Mongolia [13). These three viruses were
propagated in 10-day-old embryonated chicken eggs for 48 h at 35 °C. The infectious allantoic
fluid was vsed as inoculum for experimental infections of animals and for the preparation of
purified virus. .

Animals

Chickens (Gallus gallus), quails (Coturnix japonica), budgerigars (Melopsittacus undulatus),
ducklings (Ahas platyhnchos), mice (Mus musculus), and miniatore pigs (Sus scrofa domes-
tic) were used for the experimental infection study. Specific pathogen-free white leghom
chickens were hatched and raised for four weeks in our laboratory. One-meonth-old quails and
three-month-old budgerigars were purchased from pet shops. Three-day-old ducklings were
purchased from a duck farm in Hokkaido, fapan. Six-week-old female BALB/c mice and
two-month-old specific pathogen-free male miniature pigs were purchased from Japan SLC,
Inc. (Shizuoka, Japan) and Nippon Institute for Biological Science {Yamanashi, Japan).
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Animal experiments

Viruses were inoculated intranasally, at a 50% egg infectious dose (EIDsp) of 1030, into
birds and mammals. For the birds and miniature pigs, 0.1 ml of each H5N1 virus containing
10%EIDsg was inoculated intranasally. For the mice, 0.03 mi of each H5N1 virus containing
108961Dss was Inoculated intranasally. As a negative control, phosphate buffered saline
(PBS) was given to the birds and mammals as much volume as the virus suspension. Birds
and mice were sacrificed at 3 and 14 days post-infection (p.i.). When animals were dead or
sacrificed, trachea and lung (respiratory organs), liver, spleen, kidneys, colon, brain, heart,
pancreas, and blood of each animal were collected aseptically and were used for the titration
of virus and histopathological examination. For miniature pigs, nasal swabs were collected in
minimal essential medium daily from day 1 p.i. to day 7 p.i., and were used for the titration of
virus. Animals were housed in self-contained isolator nnits (Tokiwa Kagaku, Tokyo, Japan) ata
BSL 3 biosafety facility at the Graduate School of Veterinary Medicine, Hokkaido University,
Japan.

Virus titration

The tissue homogenates from birds and mice were inoculated into 10-day-old embryonated
chicken eggs and incubated for 48 h at 35 °C. The titers of virus were calculated by the method
of Reed and Muench [22] and expressed as the EIDsg per gram of tissue. Viral titers of the
nasal swab samples of the miniature pigs were calculated as the 50% tissue culture infectious
dose (TCIDsg) per mi for swab in MDCK cells,

Antibody detecrion

Serum samples treated with beta-propiolactone (Wako Pure Chemicals Industries, I.td., Japan)
at 37 °C for 3 h were examined for the presence of antibodies against H5 influenza virus by
ELISA. The purified R(Dk/Mong-Dk/Mong) (H5N1) virus was used as antigen for ELISA
according to Kida et al. [10]. ELISA titers were expressed as reciprocals of serom dilutions.

Histopathological examination

The tissues of birds and mammals were fixed in 20% formalin in PBS (pH 7.2), sectioned,
and stained with hematoxylin and eosin for microscopic examination. For the detection of
influenza virus antigens in the tissues, all the sections were stained using the streptavidin-
biotin immunoperoxidase complex method (Histofine SAB-PO ®yit, Nichirei Corp., Tokyo)
with rabbit anti-A/duck/Pennsylvania/10218/84 (H5N2) hyperimmune serum at a 1:1,000
dilution as the primary antibody. '

Results
Chickens

All of the chickens inoculated with Ck/Yamaguchi/04 and Dk/Yokohama/03 died
on day 2 and between day 2 p.i. and day 4 p.i. (2-4d), respectively, and virus
was recovered from each of the tissues tested (respiratory organs, liver, kidneys,
colon, and brain) (Table 1). Higher titers of viruses were detected in four of
the five tissues of chickens inoculated with Ck/Yamaguchi/04 than in those with
Dk/Yokohama/03. None of the chickens inoculated with R(Dk/Mong-Dk/Mong)
had died by day 14 p.i., and virus was not recovered from any of the tissues at
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Table 1. Virus recovery and antibody response from chickens inoculated with avian influenza virus

Inoculated virus No. of Days Virus recovery® : Antibody
animals  p.i. response™
Respiratory  Liver Kidneys Colon  Brain . Blood
organs
Ck/Yamaguchi/04 6 2d dead 6 (8.4) 6(74) 6(7.6) 6(73) 6(.1) - ND° ND
(H5N1)
Dk/Yokohama/03 5 2-4d  dead 5(¢1.1) 5(38) 5¢4) 5(5.8) 5(17) ND ND
(H5N1) 1 3d  sacrificed 1(6.8) 1(65) 1(7.2) 1(7.2) 180 1(713) -—
R(Dk/Mong-Dk/Mong) 3 3d sacrificed 0 ] 0 0 0 0 -~
(H5N1) 3 14d sacrificed 0 0 0 0 0 0 -

*Digit: number of animals in which each virus was isolated. Parenthesis: average of virus titers (logEIDso/g). 0 indicates no virus was isolated
from animals

" Antibody detection was examined by ELISA. —: ELISA titer was below 40

“Not determined

‘T2 10 BpOS "N
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Fig. 1. Histopathological examination in chickens (A) and quails (B) inoculated with Dk/Yokohama/03. Photomicrographs of hematoxylin and

eosin-stained tissue sections. A: Perivascular cuffing, swelling of endothelial cells, infiliration and proliferation of microglia in the brain (cerebrum)

of the chickens inoculated with Dk/Yokohama/03 on day 4 p.. B: Laininar encephalomalaccia (necrosis) in the brain (cerebellum) of the quails
inoculated with Dk/Yokohama/03 on day 4 p.i. Bar, 50 pm
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