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To investigate the frequency of oseltamivir resistance
in circulating strains of the 2009 influenza A(H1N1)
pandemic virus in Scotland, 1,802 samples from 1,608
infected hospitalised patients were screened by the
H275Y discriminatory RT-PCR. Among these, we iden-
tified 10 patients who developed the H275Y muta-
tion. All of them were immunocompromised and were
under treatment or had been treated previously with
oseltamivir.

Introduction

The 2009 influenza A(H1N1) pandemic virus emerged in
Mexico in March 2009 and spread globally and uncon-
trollably during the following months. The World Health
Organization (WHO) declared a pandemic caused by
this virus on 11 June 2009. Since the first case diag-
nosed in Scotland in May 2009, a total of 6,450 labora-
tory confirmed 2009 pandemic virus infections leading
to 62 deaths had been diagnosed in Scotland by 3
January 2010.

Initial testing of the 2009 pandemic virus found it sus-
ceptible to neuraminidase inhibitors, oseltamivir and
zanamivir, but resistant to amantadine [1]. Oseltamivir
has been used extensively for chemoprophylaxis and
treatment for 2009 pandemic virus and the first spo-
radic cases of oseltamivir-resistant 2009 pandemic
virus infection were reported at the end of July 2009
[2]. The emergence of oseltamivir-resistant 2009 pan-
demic virus remains a major concern, since widespread
oseltamivir resistance has been observed in seasonal
HiN1 viruses recently [3-5]. The emergence of osel-
tamivir-resistant seasonal influenza A(HiN1) viruses
was first noted in Norway 2007 [3], and these resistant
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viruses have since evolved into the dominant influenza
A(H1N1) seasonal viruses circulating in humans.

Resistance to oseltamivir in influenza A(H1iN1) viruses
caused by a histidine to tyrosine mutation at resi-
due 275 of the neuraminidase protein (H275Y) was
observed both in vitro and in vivo [6,7]. Very recently,
this mutation has also been detected in in oseltamivir-
resistant 2009 pandemic viruses in China, the United
States (US), Vietnam and Canada [8-11]. Although there
is no evidence so far that these viruses might have
transmitted beyond close contact between cases, two
clusters of immunocompromised hospitalised patients
infected with the 2009 pandemic virus virus have been
detected in Wales, United Kingdom (UK) [12] and North
Carolina, US [13]. The possible spread of oseltamivir-
resistant 2009 pandemic virus is alarming from the
public health point of view because of consequences
for treatment and prophylaxis of 2009 pandemic influ-
enza. We report the emergence of oseltamivir-resistant
2009 pandemic virus strains in immunocompromised
patients in Scotland.

Study methods and results

To investigate the frequency of oseltamivir resistance
in circulating strains of 2009 pandemic virus, the H275Y
discriminatory reverse transcription RT-PCR was used
to screen 1,802 samples from all 1,608 infected hos-
pitalised patients in Edinburgh and Glasgow between
1 November and 31 December 2009 (Table). In addi-
tion, 32 patients with available samples from the time
of diagnosis and post treatment with oseltamivir were
analysed and clinical features recorded.
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The applied method can detect as little as 5% of osel-
tamivir-resistant 2009 pandemic virus in mixed virus
populations [14]. Detection of the H275Y mutation was
confirmed by pyrosequencing in the Health Protection
Agency’s Centre for Infections in London, the United
Kingdom. Full-length sequencing of the neuraminidase
gene was performed. Patients files with their medical
history and virological investigations were reviewed
for all patients with evidence for the H275Y mutation.

Sequences amplified from all pandemic influenza virus
samples collected pre-treatment were wild type at
position 275 in the neuraminidase gene, providing no
evidence for circulation of oseltamivir-resistant 2009
pandemic virus in the area. However, 10 patients in our
study developed the H275Y mutation during or after
oseltamivir therapy.

Full-length sequences of the neuraminidase gene did
not reveal any other mutations than the H to Y change
at position 275 in our patients. In two of them, resist-
ant virus persisted for at least 25 to 40 days following
cessation of treatment, suggesting oseltamivir-resist-
ant 2009 pandemic viruses were not compromised in
their replication ability.

All patients who developed oseltamivir resistance were
immunocompromised, eight of them with haematologi-
cal malignancy The frequency of resistance-develop-
ment in patients with 2009 pandemic influenza treated
with oseltamivir was assessed further by analysing
data for 32 patients from Edinburgh of whom 10 were
immunocompromised and 22 non-immunocompro-
mised. Antiviral-resistant viruses were detected in five
of the 10 immunocompromised patients, all of whom
had been treated with oseltamivir. In comparison, none
of the non-immunocompromised patients developed
resistance during or after oseltamivir-treatment (0/22
versus 5/10, p=0.0012, Fisher’s exact test).

Conclusions

Systematic follow-up of patients hospitalised with
2009 pandemic influenza and treated with oseltami-
vir and large-scale screening of untreated hospital-
ised 2009 pandemic influenza patients showed an

TABLE

association between the appearance of the H275Y
mutation and oseltamivir treatment. In our study pop-
ulation, we found no evidence for the spontaneous
emergence of resistance in untreated patients. This
contrasts with very recent findings of resistance in a
small number of Chinese and Vietnamese subjects who
had not received oseltamivir prophylaxis or treatment
[8,10]. These results have been interpreted as showing
that spontaneous mutation can occur either before or
during infection, or that there is transmission of osel-
tamivir-resistant virus in some geographical regions.

In our study, oseltamivir resistance development was
restricted to immunocompromised subjects, consist-
ent with the previous descriptive study of the isola-
tion of oseltamivir-resistant 2009 pandemic virus from
two severely immunosuppressed patients with hae-
matologic malignancy [13]. In both of them, persistent
viral shedding led to prolonged use of oseltamivir and
the subsequent development of oseltamivir-resistant
2009 pandemic virus variants. The prolonged period of
infection (up to 61 days in our study) and large popula-
tion sizes associated with poorly controlled virus rep-
lication favoured the development of resistance. This
could provide evidence that emergence of resistance
can result from selection of mutants from genetically
diverse quasispecies within the infected individual.
Despite the small study numbers, the result that 5 of
10 of immunocompromised patients treated with osel-
tamivir developed drug resistance could have implica-
tions for further management of 2009 pandemic virus
infections.

An additional factor influencing resistance develop-
ment is the dosage of antivirals administered. In previ-
ous studies, oseltamivir-resistant 2009 pandemic virus
strains were detected in patients who became infected
during oseltamivir chemoprophylaxis [2,9,11]. In these
cases, subtherapeutic levels of oseltamivir may have
only partially inhibited viral replication, facilitating
the emergence of resistance. All our study subjects
received the adequate and recommended treatment
doses of oseltamivir. However, the efficacy of recom-
mended oseltamivir treatment in immunocompromised

H275Y mutation resistance testing of confirmed 2009 pandemic influenza A(HINI1) virus samples from hospitalised
patients, Scotland, November 2009-December 2009 (n=1,802 samples)

Edinburgh Glasgow Total
Number of samples tested for 2009 pandemic virus 2,507 6,300 8,807
Number of 2009 pandemic virus positive samples 423 1,379 1,802
Number of 2009 pandemic virus positive patients 352 1,256 1,608
Number of H275Y positive patients 5 5 10

Time period

1.11-31.12.2009

6.11-31.12.2009

Method for H275Y screening

All 2009 pandemic virus positive
samples tested with H275Y RT-PCR

All respiratory samples tested with multiplex
RT-PCR (2009 pandemic virus, FluA and H275Y)

FluA: influenza virus type A; RT-PCR: reverse transcription-polymerase chain reaction
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patients has not been established and further studies
are needed in this respect.

Finally, the emergence of resistant forms of influ-
enza viruses depends on the relative fitness of drug-
resistant strains compared to wild type virus. A recent
study showed that a seasonal influenza A (H1iN1) virus
isolated in Canada with H275Y mutation had at least
comparable viral fitness both in vitro and in ferrets
relative to that of a closely related wild type strain [15].
Although we were unable to assess the replication fit-
ness or infectivity directly, the appearance of oseltami-
vir-resistant variants and replacement of the original
wild type strains eight to 12 days after the end of treat-
ment in two individuals could hint towards a possible
fitness advantage of oseltamivir-resistant viruses.

The majority of circulating 2009 pandemic virus strains
worldwide has remained susceptible to oseltamivir [2].
However, the recent spontaneous emergence of osel-
tamivir-resistant seasonal influenza A(H1N1) virus [4,5]
shows that in theory there could be the possibility that
oseltamivir-resistant 2009 pandemic virus may also
become dominant during the next influenza season.

The induction of resistance in immunosuppressed
patients seen in our study highlights the importance of
close monitoring and containment of this group during
therapy. All possible interventions should be adopted
to prevent the emergence of oseltamivir-resistant 2009
pandemic virus strains, including the vaccination of
immunocompromised individuals and their household
contacts with the pandemic influenza vaccine.
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In June 2008, three Dutch tourists participating in a
mini-cruise in Turkey needed urgent repatriation for
antitoxin treatment because of symptoms of botu-
lism. Because there was a shortage of antitoxin in the
Netherlands, an emergency delivery was requested
from the manufacturer in Germany. An outbreak inves-
tigation was initiated into all nine cruise members,
eight of whom developed symptoms. C. botulinum
type B was isolated in stool culture from four of them.
No other patients were notified locally. Food histo-
ries revealed locally purchased unprocessed black
olives, consumed on board of the ship, as most likely
source, but no leftovers were available for investiga-
tion. C. botulinum type D was detected in locally pur-
chased canned peas, and whilst type D is not known
to be a cause of human intoxication, its presence in a
canned food product indicates an inadequate preserv-
ing process. With increasing tourism to areas where
food-borne botulism is reported regularly special
requests for botulism antitoxin may become neces-
sary. Preparing an inventory of available reserve stock
in Europe would appear to be a necessary and valuable
undertaking.

Introduction

Botulism is a disease caused by the neurotoxin of
Clostridium botulinum. Seven serotypes of botulinum
neurotoxin have been identified, A to G. Serotypes A,
B, E and rarely F, can affect humans. Types A and B are
related to food-borne botulism, of which type B seems
to predominate in Europe [1]. Type E is associated
with consumption of seafood products [2]. Serotypes
C and D cause botulism in animals (birds, mammals),
but not in humans. With increased standards of food
processing and preservation, food-borne botulism has
become a rare disease in the Netherlands. According
to the Dutch law on public health, botulism is a noti-
fiable disease, and each year on average one case is
reported [3]. These cases presumably result either
from contaminated honey (infant botulism), injection of
contaminated heroin, or consumption of unprocessed
food which has been purchased abroad and consumed
abroad or in the Netherlands after returning.

www.eurosurveillance.org
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Outbreak description

On 24 June 2008, the Centre for Infectious Disease
Control (CIb) of the Dutch National Institute for Public
Health and the Environment (RIVM) was contacted by
a medical repatriation organisation about four Dutch
patients with clinical signs of botulism, hospitalised in
Fethiye, Turkey. The first case had been admitted on 21
June with signs of botulism and treated with botulism
antitoxin. Two days later, three more Dutch patients
from the same tourist group were admitted and consid-
ered epidemiologically related cases. Since all locally
available antitoxin had been used for treatment of the
first patient, urgent repatriation was requested for the
other three patients for treatment in the Netherlands.

The patients belonged to a group of nine participants
of a mini cruise, including seven tourists, a cook and
the ship owner. All nine were Dutch and had started a
sailing trip on 17 June for the duration of one week.

In the Netherlands, an outbreak investigation was initi-
ated into the nine participants of the cruise. The onset
of symptoms was between the afternoon of 18 June and
24 June (Figure 1).

In this cluster, a confirmed case was defined as a per-
son who participated in the sailing trip from 17 June
onwards, who met the clinical criteria for botulism (at
least signs of bilateral cranial nerve neuropathy as

FIGURE

Cases of botulism by day of onset of disease among cruise
participants, Turkey, 17-24 June 2008 (n=38)

Embarkement on

; the boat in Fethiye = Probable case

B Confirmed case

2
17 18 19 20 21 22 23 24

Date (June 2008)

Number of cases
w




diplopia, blurred vision, dysphagia, bulbar paralysis
and/or peripheral symmetrical muscle weakness), with
laboratory confirmation (toxin in serum or faeces, or
C. botulinum cultured in faeces). A probable case was
defined as a person who participated in the sailing trip
starting on 17 June and who met the clinical criteria for
botulism.

The RIVM informed the Turkish National Focal Point
(NFP) about the situation because the Dutch patients
might have been part of a larger cluster. The Turkish
NFP reported to the RIVM that no additional cases of
botulism were reported in Fethiye.

Clinical characteristics and treatment

The first patient was admitted to hospital with symp-
toms of blurred vision, diplopia, dry mouth, dyspha-
sia, dysarthria and muscle weakness. The diagnosis
botulism was supported by electromyogram and bot-
ulism antitoxin was administrated. The three fol-
lowing patients, including the cook, returned to the
Netherlands for treatment on 25 June and were admit-
ted to different hospitals [4]. As their clinical symptoms

TABLE 1

matched with botulism, botulism antitoxin type A, B,
E was administered to all of them. Three other group
members were repatriated one day later and were also
hospitalised with signs of botulism.

Eight of the nine group members developed clinical
symptoms of botulism. Seven of the eight patients were
admitted to hospital, in Turkey and/or the Netherlands.
The symptoms reported most by the seven patients
were dysphagia (n=7), dry mouth (n=7), dysarthria
(n=6), feeling of ‘thick tongue’ (n=6) and tiredness
(n=5). Also change in voice (n=4), subjective weakness
of muscle (n=4), hoarseness (n=3), dizziness (n=4),
diplopia (n=3) and blurred vision (n=3) were reported.

Five patients developed symptoms to such an extent
that botulism antitoxin was administered in Turkey
(one person) or the Netherlands (four persons). In the
Netherlands antitoxin administration was based on
the patients’ clinical signs in combination with the
epidemiological connection; laboratory confirmation
was not waited for. As botulism is a rare disease in the
Netherlands, the available stock of antitoxin is limited.

Food items consumed by cruise participants in Turkey on 17 and 18 June 2008

Case number 1 2 3 6 7 8
Date of onset of disease 18.6 19.6 20.6 21.6 24.6 24.6
Probable O Probable Probable Probable o
firmed firmed
case case case case
case case
17 June 2008
Lunch: Yes
. Yes Yes Yes Yes Yes Y.es (no Yes Yes (no
Pasta salad: spicy sausage, pesto, capers, pickles) ol-
pickles, garlic at water, black olives ives
Dinner in restaurant on the mainland:
Starters: Yes (no only one
Meze: Eggplant, cheese rolls, tzatziki, salad ves (.m.J Nl cheese ves (.nc.) ves (.nc.) Yes ves (.nc.) Yes Only
tzatziki) | plant, no tzatziki) | tzatziki) tzatziki) salad
(tomatoes, green beans, cucumber, feta cheese roll
R salad)
and yoghurt) and rice salad
Main course:
Chicken NA No NA NA Yes No NA No No
Grilled fish with onion and tomatoes Yes Yes Yes (a bit) Yes NA NA Yes Yes No
Fried calamari NA No NA NA NA Yes NA No Yes
Meat NA No NA NA NA No NA No No
18 June 2008
Breakfast:
NA Yes NA NA NA Yes NA Yes NA
Bread with Dutch cheese (from the Netherlands)
Lunch:
Chicken soup (with canned coconut milk and ves ves ves ves ves ves ves ves ves
canned corn)
Dinner:
Meat roll (with canned green peas, canned ves No ves ves ves ves ves ves ves
tomato puree and canned minced meat)

NA: not able to remember.
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With this sudden request, additional antitoxin had to
be delivered by courier from the emergency stock of
the manufacturer in Marburg, Germany. All patients
recovered.

Food questionnaire

All group members were asked to complete a question-
naire on food items consumed since the onset of the
trip. As the average incubation time for food-borne bot-
ulism is 12 to 72 hours (range: two hours to eight days)
and the first patient had developed aspecific symptoms
of gastroenteritis during the afternoon of 18 June, food
poisoning at the beginning of the sailing trip in Turkey
was considered most likely. Therefore, the food ques-
tionnaires focused on food consumed on 17 June (lunch
prepared on the ship and food served in a restaurant)
and 18 June (all meals prepared on the ship). By 4 July,
all seven tourists and the cook had returned to the
Netherlands and the patients were interviewed by their
local municipal health services. The ship owner, who
stayed in Turkey, sent his questionnaire by mail.

Since the canned food items came from a small stock
on board that had also been used in previous sail-
ing trips, the 15 participating tourists of these previ-
ous trips were contacted by email to inquire whether
they had developed symptoms. They did not report
any symptoms and therefore were not included in the
study.

The food items served and consumed by the nine group
members are listed in Table 1.

Since the group was small, no statistical analysis could
be done. In the food histories, special attention was
given to differences in food items eaten by the patients
compared to the only group member without symptoms,
number 9. On board, this person did not eat the locally
purchased black olives in the salad served during
lunch on the first day. Among the food items prepared
on board, the black olives were therefore suspected to
be the most likely source of the outbreak. The preserv-
ing conditions for these olives before packing had not
been controlled, and therefore may have been more

TABLE 2

prone to contamination. Unfortunately, no leftovers of
these olives were available for investigation.

Regarding food eaten on the mainland, the person
without symptoms only ate salad and fried calamari in
the restaurant during the dinner of 17 June. The patient
with the fewest symptoms, case number 3, also ate
little at that restaurant: only one cheese roll and a bit
of fish. From food items served at the restaurant, the
meze (a Turkish starter) and the fish were most sus-
pected because these specific items were eaten by
the confirmed cases. The Turkish NFP was informed on
these results.

Microbiological investigation

Serum and faecal samples of all seven hospitalised
patients were collected in the Netherlands for labora-
tory confirmation of botulism. The ship owner, who
stayed in Turkey, and the group member without symp-
toms did not participate in the laboratory investiga-
tion. At the Central Veterinary Institute of Wageningen
UR (CVI), detection of botulism toxins in serum and fae-
ces was performed by the mouse bio-assay according
to the protocol of the United States Centers for Disease
Control and Prevention [5] with some minor changes.
Faeces were cultured for isolation and detection of C.
botulinum. Typing of botulism toxins was done by the
mouse neutralisation bio-assay with toxin-specific
antibodies.

In four patients, the diagnosis of botulism was con-
firmed by faecal culture of C. botulinum type B. In
none of their sera or faeces, botulism toxin could be
detected. This resulted in four confirmed cases, four
probable cases (three patients who tested negative
and the ship owner who was not tested) and one ‘non-
case’ (the person without symptoms).

Analysis of food items

The cook had bought all canned food items at several
local supermarkets. After each sailing trip she dis-
carded allopen cans and thoroughly cleaned the kitchen
of the ship. Because the ship owner preferred inves-
tigation in the Netherlands, he sent unopened locally
purchased food items, from the stock on board that
was used for the meals, to the CVI in the Netherlands

Laboratory investigation of food items consumed by cruise participants in Turkey on 17 and 18 June 2008

Packaging pH Detection of botulinum toxin Detection of C. botulinum Molecular typing
Black olives Home-packed 5,00 No No
Pickles Can 3,97 No No
Pesto Jar 4,23 No No
Garlic Jar 4,14 No No
Green peas Can 4,73 No Yes C. botulinum type D
Pineapple Can 3,89 No No
Coconut milk Can 5,50 No No
Corn Can 5,60 No No
Corn Can 5,56 No No
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for further investigation. Food specimens were tested
for C. botulinum toxin and organisms according to the
above protocol, and the pH was measured.

The results of the laboratory investigation of the food
samples done in the Netherlands are summarised in
Table 2. The pH of five of nine items was above 4.6,
which is considered as the minimum pH at which
C. botulinum can grow. Together with other factors such
as temperature, water activity and redox potential, pH
plays a role in preventing the growth and toxin produc-
tion of C. botulinum during the conservation process
and storage [5]. C. botulinum type D was isolated from
a can of green peas. Although this toxin type differs
from the one diagnosed in the patients, its presence
in canned food shows at least an inadequate conser-
vation process. This result was communicated to the
Turkish authorities.

Conclusion

This is the first notified outbreak of botulism among
Dutch nationals. Eight tourists were affected during
a sailing trip in Turkey by C. botulinum type B. In the
literature, clusters of food-borne botulism are often
described as resulting from home-preserved products
(mainly tofu, green olives and fish [6-8]) or canned
products (fish, asparagus, roasted mushrooms [1]). In
Turkey, clusters of botulism have resulted from canned
roasted mushrooms [9] and c¢aksir (Ferula orientalis, a
regionally grown vegetable) [10]. More recently, a clus-
ter of 10 patients with botulinum poisoning from eating
siizme yoghurt has been described [11]. The authors of
that article also noted that botulism in Turkey is mostly
associated with the consumption of home-prepared
foods, especially vegetables such as green beans,
tomato or red pepper preserves.

For this cluster, the restaurant visited on 17 June was
initially considered as the most likely source, because
the one group member that had no symptoms had
only eaten salad at this restaurant and because home-
made products may have been served. The most likely
sources indicated by the food questionnaires were the
meze (in particular the cheese rolls) and fish served
at the restaurant. However, because fish is more usu-
ally associated with C. botulinum type E, whereas
C. botulinum type B was isolated from four of the
patients described here, the fish is not likely to have
been the source of the outbreak. Although a contami-
nation in the meze cannot be ruled out, no other cases
associated with this restaurant, nor feedback from the
local investigation of the restaurant were reported by
the Turkish national authorities. Therefore the loca-
tion is now considered less likely as the source of the
outbreak.

The meals on board were prepared from locally pur-
chased food such as commercial canned items, bread
and home-packed black olives, as well as Dutch
cheese that the cruise members had brought from
the Netherlands. The laboratory investigation in the

Netherlands of food items purchased in Turkey revealed
C. botulinum type D in a can of green peas, which had
the same trademark as the peas used for the dinner of
18 June. However, C. botulinum type D is not associ-
ated with human illness. In addition, canned peas were
ruled out by the food questionnaires because the first
patient had already reported gastrointestinal symp-
toms earlier that day before the dinner with the canned
peas was served. While these symptoms may have
been coincidental and had another cause, the person
without symptoms did report eating the green peas
which made this food item also a less likely source.

The pH of the home-packed olives, the coconut milk
and the corn was not low enough to prevent growth
of C. botulinum. Since growth of C. botulinum is influ-
enced by many other factors as well, it is difficult to
draw conclusions from this finding. However, accord-
ing to the food questionnaire, the black olives remain
the most likely source for the cluster, although this
cannot be confirmed as no leftovers were available for
investigation.

Discussion

The lack of locally available antitoxin for treatment of
the patients in Turkey was a major issue in this out-
break and the reason for the repatriation of the Dutch
patients. Essential in botulism treatment is timely
administration of antitoxin, preferably within 24 hours
[4] after onset of the disease, as the antitoxin prevents
free toxin from binding to the presynaptic membrane
resulting in paralysis.

Botulism is a rare disease, and antitoxin is expensive
and has a short shelf-life. Also the stock of antitoxin
in the Netherlands is therefore small. In this particular
incident, it was possible to purchase emergency sup-
plies of antitoxin from the German manufacturer. In
preparation for future potential food-borne outbreak of
botulism it would be useful to share information among
European countries on national stocks of antitoxin
that could be available for exchange in outbreak situ-
ations involving several patients. This approach could
also be valuable for other antitoxins such as diphthe-
ria antitoxin as well. The European Centre for Disease
Prevention and Control has been approached with the
request for such an inventory.
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Antimicrobial resistance (AMR) in Neisseria gonor-
rhoeae is a major problem worldwide. In the former
Soviet countries including Russia, the knowledge
regarding AMR has been highly limited. However,
in 2004 the Russian gonococcal antimicrobial sus-
ceptibility programme (RU-GASP) was initiated. The
aims of this study were to examine and describe the
prevalence of N. gonorrhoeae AMR in 2007 and 2008
in Russia, and reveal trends in the period from 2005
to 2008. Gonococcal isolates (660 in 2007 and 900 in
2008) from 36 surveillance sites were examined using
agar dilution method. From 2005 to 2008, the propor-
tion of isolates resistant to spectinomycin increased
from 0% to 7.2%, and remained high for those resist-
ant to ciprofloxacin (approximately 49%). The resist-
ance to azithromycin was 2.3% and 0.4% in 2007 and
2008, respectively. All isolates between 2005 and
2008 were susceptible to ceftriaxone. In conclusion,
the AMR of N. gonorrhoeae in Russia is high, as in
most countries in the European Union, and ceftriax-
one should be the first line for treatment. If there is no
access to ceftriaxone or in the presence of severe beta-
lactam antimicrobial allergy, spectinomycin should be
used; however, the resistance to spectinomycin has
increased. Regular, quality-assured national and inter-
national surveillance of AMR in N. gonorrhoeae is cru-
cial globally for public health.

Introduction

Gonorrhoea remains one of the most common sexually
transmitted infections (STIs) in most countries [1]. In
Russia, the estimated gonorrhoea incidences were 60.8
and 56.4 cases per 100,000 inhabitants in 2007 and
2008, respectively. However, the incidence varied sub-
stantially in the seven federal districts (FDs) of Russia.
The incidence in Russia remains high. Nevertheless,
the incidence from 1993 to 2008, with exception of the
years 1999 and 2000, decreased from 230.9 to 56.4
cases per 100,000 inhabitants [2].
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The impact of antimicrobial resistance (AMR) in
Neisseria gonorrhoeae on effective treatment and,
accordingly, control of gonorrhoea is of long-standing
concern. Emergence and transmission of resistance in
N. gonorrhoeae to most antimicrobials used for treat-
ment are major problems globally [3-14], and the World
Health Organization (WHO) has recently published
initiatives to enhance global N. gonorrhoeae AMR
surveillance that focus on multidrug- and extensively
drug-resistant N. gonorrhoeae [3]. Expanded, but
quality-assured and quality-controlled, AMR surveil-
lance worldwide is crucial to inform STI management
and treatment guidelines and, accordingly, for public
health [3,4,8,13,14].

In the European Union (EU) countries, a N. gonorrhoeae
AMR surveillance programme, the European gonococ-
cal antimicrobial susceptibility programme (EURO-
GASP), has been running since 2004 [11]. However, in
eastern Europe and the former Soviet countries, includ-
ing Russia and its highly diverse federal districts (FDs),
the knowledge regarding AMR in N. gonorrhoeae, which
is crucial for the empirical treatment, has been highly
limited [15-18]. However, in 2004 the national Russian
GASP (RU-GASP), coordinated at the State Research
Center of Dermatology and Venereology of the Russian
Ministry of Health (SRCDV), Moscow, was initiated with
the main objective to inform the STI management and
treatment guidelines in Russia. In this programme,
SRCDV initially implemented optimised and quality-
assured systems for collection, storage and trans-
portation of clinical specimens and N. gonorrhoeae
cultures from the different FDs of Russia to SRCDV. In
2008, RU-GASP published the first ever international
report that described the N. gonorrhoeae AMR in
2005 and 2006 in Russia [10]. The aims of the present
study were to examine and describe the prevalence of
N. gonorrhoeae antimicrobial resistance in 2007 and
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2008 in Russia, including all seven FDs, and to reveal
trends in the resistance from 2005 to 2008.

Materials and methods

Study population

As previously described [10], dermato-venereolog-
ical clinics situated all over Russia are surveyed in
RU-GASP. In the present study, N. gonorrhoeae iso-
lates from 36 surveillance sites, which were selected
to represent all the FDs of Russia, were examined and
the results were compared to the previously published
results from 2005 and 2006 [10].

Representative, i.e. mainly consecutive, culture-pos-
itive patients attending the clinics from January 2007
to December 2008 were included. The inclusion crite-
rion was: male or female patient (12 to 60 years of age),
with diagnosed (clinically and using culture) sympto-
matic uncomplicated gonorrhoea. Exclusion criteria
were: i) refusing participation and ii) presence of seri-
ous somatic pathology or disease of the central nerv-
ous system.

Diagnostics, culture conditions and
preservation of N. gonorrhoeae isolates

A clinical examination was performed, and specimens
(urethral and cervical from females, and urethral from
males) were collected.

All specimens were cultured on selective culture media
and the N. gonorrhoeae isolates were species-verified,
preserved in cryomedium, and transported to SRCDV
as previously described [10].

Antimicrobial susceptibility testing

At SRCDV, the susceptibility to ciprofloxacin, spec-
tinomycin, ceftriaxone, and also azithromycin (not
included before 2007) was determined using agar
dilution method, according to the recommendations
of Clinical and Laboratory Standards Institute (CLSI;
formerly NCCLS) [19]. Accordingly, the minimum inhibi-
tory concentration (MIC) breakpoints for susceptibility
or resistance were <0.06/21 for ciprofloxacin, <32/2128
for spectinomycin and <o.25 (susceptible) for ceftri-
axone [19]. For azithromycin, CLSI does not describe
any breakpoints, and the MIC breakpoints (<0.25/>1)
from the European Committee on Antimicrobial
Susceptibility Testing (EUCAST; www.escmid.org/

TABLE 1

research_projects/eucast) were used. The susceptibil-
ity to penicillin G and tetracycline was also analysed
using the CLSI method [19]. However, because penicil-
lin G and tetracycline are not recommended for treat-
ment of gonorrhoea, the susceptibility to these was
not comprehensively analysed. For quality control, the
CLSI-recommended N. gonorrhoeae reference strain
ATCC 49226 was examined in each run [19]. However,
during 2009, the 2008 WHO N. gonorrhoeae refer-
ence strains intended for quality assurance and quality
control of gonococcal AMR surveillance [4] were also
included in the quality control. Beta-lactamase pro-
duction was identified using nitrocefin discs, accord-
ing to the manufacturer’s instructions (Cefinase discs;
Becton Dickinson).

Results

Patient characteristics

N. gonorrhoeae isolates (one isolate per patient) from
660 patients in 2007 (594 males and 66 females) and
900 patients in 2008 (766 males and 134 females) were
examined. The mean ages of the men were 25 years
(median age: 27 years; range: 15 to 45 years) and 22
years (median age: 23 years; range: 14 to 57 years) in
2007 and 2008, respectively. The mean ages of the
women were 21 years (median age: 23 years; range: 12
to 35 years) and 19 years (median age: 20 years; range:
12 to 60 years) in 2007 and 2008, respectively. In order
to reveal any trends, the results of the AMR testing for
these patients were compared to previously published
results from 2005 and 2006 [10]. The gender distribu-
tion and age distribution were relatively similar during
the four years compared.

Antimicrobial susceptibility of N. gonorrhoeae
isolated in Russia in 2007 and 2008

The proportions of the N. gonorrhoeae isolates that
displayed resistance and intermediate susceptibility to
the four antimicrobials used in the recommended gon-
orrhoea treatment in 2007 and 2008 are described in
Table 1.

Briefly, the proportions of isolates displaying resist-
ance in 2007 and 2008, respectively, were: 49.6% and
49.1% for ciprofloxacin, 2.3% and 0.4% for azithromy-
cin, 0.9% and 7.2% for spectinomycin, and 0% and 0%
for ceftriaxone (Table 1). Of the N. gonorrhoeae iso-
lates, 0.0% and 2.2% were beta-lactamase-producing

Proportion of Neisseria gonorrhoeae isolates in Russia displaying resistance and intermediate susceptibility to the four
antimicrobials used in the recommended gonorrhoea treatment, Russia, 2007 (n=660) and 2008 (n=900)

Proportion of isolates (%)

Intermediate susceptible Resistant

2007 2008 2007 2008
Ciprofloxacin (5<0.06 mg/l; R=1 mg/1) 5.5 7.5 49.6 49.1
Spectinomycin (S<32; R2128) 3.6 1.1 0.9 7.2
Ceftriaxone (S<0.25) o o o o
Azithromycin (S<0.25; R21) 7.4 4.8 2.3 0.4

R: resistant; S: susceptible
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in 2007 and 2008, respectively. The proportions of
isolates displaying resistance or intermediate sus-
ceptibility to penicillin G and tetracycline in 2007 and
2008 (in parenthesis) were: 72.4% (81.3%) and 67.2%
(85.5%), respectively. The susceptibility to these anti-
microbials was not further evaluated, because they are
not recommended for treatment. From 2005 to 2008,
the proportion of isolates resistant to spectinomycin
increased significantly from 0% to 7.2%, and remained
high to ciprofloxacin (at approximately 49%) [10]. All
isolates (100%) from these four years were susceptible
to ceftriaxone (Table 1; [10]). Nevertheless, examining
the MIC distribution of ceftriaxone in general, the MIC
values of ceftriaxone increased in the period from 2005
to 2008, and isolates at the breakpoint (especially in
2007: MIC=0.25 mg/l, n=14) were increasingly identi-
fied (data not shown).

Furthermore, multiple resistance to several of the four
antimicrobials used in the recommended treatment of
gonorrhoea was common (Table 2). In the period from
2007 to 2008, the level of N. gonorrhoeae isolates

TABLE 2

Proportion of Neisseria gonorrhoeae isolates in
Russia displaying multiple resistance to several of the
antimicrobials used in the recommended gonorrhoea
treatment, Russia, 2007 (n=660) and 2008 (n=900)

Year CIP+SPM CIP+SPM+AZM
?:36760) 0 (4.5) 0 (2.6)
2008

(n=900) 6.0 (6.5) 0.4 (1.5)

AZM: azithromycin; CIP: ciprofloxacin; SPM: spectinomycin.
Resistance (resistance or intermediate susceptibility) are shown.
All isolates were susceptible to ceftriaxone.

TABLE 3

resistant to ciprofloxacin+spectinomycin and to cipro
floxacin+spectinomycin+azithromycin increased from
0% to 6.0% and from 0% to 0.4%, respectively.

The levels of resistance or intermediate susceptibility
to the antimicrobials in the seven FDs of Russia in 2007
and 2008 are summarised in Table 3.

Substantial regional differences regarding prevalence
of gonococcal AMR in the different FDs of Russia were
identified. The levels of resistance or intermediate
susceptibility to ciprofloxacin were high in all the FDs.
Most disquieting, resistance or intermediate suscepti-
bility to spectinomycin and azithromycin was found in
six and five, respectively, of the seven FDs.

Discussion

This study is the second ever international report from
RU-GASP that annually, since the programme’s initia-
tion in 2004, surveys the antimicrobial resistance of
N. gonorrhoeae in Russia. The present multicentre
study comprehensively describes the antimicrobial
resistance of N. gonorrhoeae in 2007 and 2008, includ-
ing the trends during the period form 2005 to 2008, in
all seven highly diverse FDs of the Russian Federation.

In Russia, the level of resistance of N. gonorrhoeae to
all antimicrobials used in the traditional gonorrhoea
treatment (penicillins, tetracycline and ciprofloxacin) is
exceedingly high. However, between 2005 and 2008,
all Russian isolates were susceptible to ceftriaxone and
still no gonorrhoea treatment failures using ceftriaxone
of appropriate quality and dosage has been described
for urogenital gonorrhoea worldwide [3]. Nevertheless,
in Russia and in many other countries [3] the MIC val-
ues of ceftriaxone have increased. Resistance to azi-
thromycin was also identified, dispersed in five of the

Proportion of Neisseria gonorrhoeae isolates displaying resistance or intermediate susceptibility to the four antimicrobials
used in the recommended gonorrhoea treatment in 2007 and 2008 in all the seven federal districts (FDs) of Russia

Federal district Y('aar Ciprofloxacin Spectinomycin Ceftriaxone Azithromycin
(no. of isolates) (S<0.06 mg/l; R21 mg/I) (S=<32; R>128) (S<0.25) (S<0.25; R21)
Central 2007 (n=99) 52.5 5.1 o 9.0
2008 (n=210) 58.8 6.0 o 10.1
North-western 2007 (n=185)) 51.5 2.9 o 10.0
2008 (n=112) 53.8 12.1 o 9.6
Southern 2007 (n=75) 24.0 4.0 o 8.0
2008 (n=115) 34.0 8.7 o 5.4
Volga 2007 (n=198) 60.3 2.7 o 10.0
2008 (n=256) 50.7 9.6 [} 3.4
Urals 2007 (n=10) £40.0 10.0 o) o)
2008 (n=86) 83.3 6.5 ¢} o
Siberian 2007 (n=47) 73.7 13.2 o 21.0
2008 (n=121) 71.4 6.0 ¢} o
Far-eastern 2007 (n=46) 71.1 o] o] o
20087 nd? nd? nd? nd®

nd: not done; R: resistant; S: susceptible.
2 Unfortunately, it was not possible to receive any viable N. gonorrhoeae isolates from the Far-eastern federal district in 2008.
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seven FDs (range: 3.4% to 21% during 2007 and 2008),
which may reflect the fact that azithromycin is com-
monly used in these FDs. The resistance to spectino-
mycin, which had not been identified in Russia in 2005
[10] and is rare internationally, also increased during
2007 and 2008 (0.9%-7.2%), which may reflect a fre-
quent use [20]. A representative selection of these iso-
lates was also confirmed as resistant using Etest and/
or genetic methods; however, they only displayed a
low level of resistance. The 2008 WHO N. gonorrhoeae
reference strains intended for quality assurance and
quality control of gonococcal AMR surveillance [4],
which were implemented for quality control in Russia
in 2009, will from now on confirm the validity of all the
AMR results in RU-GASP.

Major longitudinal trends of the N. gonorrhoeae AMR
in the different FDs of Russia remain difficult to inter-
pret due to the limited and divergent sample sizes from
each FD and the short time period for studying dynam-
ics. In RU-GASP, efforts are continuously made to
increase the representativeness and number of exam-
ined isolates, and the number has increased by 77%
from 2005 (n=509 [10]) to 2008 (n=900).

A main objective of the RU-GASP, as for all AMR surveil-
lance programmes, is to form the basis for continuous
revision and updating of the Russian STI management
and treatment guidelines. As previously stated [10],
the RU-GASP has clearly highlighted that penicillins
and tetracycline, as well as the fluoroquinolones used
frequently since the 1990s should not be used for
empirical gonorrhoea treatment. Furthermore, oral azi-
thromycin is not recommended in empirical treatment
because it needs to be administered in doses of 2 g
to avoid treatment failures, i.e. doses that commonly
give adverse gastro-intestinal effects, and resistant
strains are spreading in Russia and increasingly in
many other countries, including high-level resistance
in England, Wales, Scotland and ltaly [3,7,11,12,21-23].
Fluoroquinolones and azithromycin are not recom-
mended for use in the gonorrhoea treatment unless
MIC results are available for the specific isolates. The
recommended first-line antimicrobial should be ceftri-
axone (250 mg, 1xintramuscularly) and, if there is no
access to ceftriaxone or in the presence of severe
allergy to beta-lactam antimicrobials, spectinomycin
(2 g, 1x intramuscularly) should be used. However,
increasing levels of resistance to spectinomycin have
been observed in Russia, and adequate monitoring of
its use and of the treated patients is crucial.

RU-GASP has implemented optimised, harmonised
and quality-assured culture diagnostics, as well as
quality-assured and quality-controlled AMR testing in
Russia, in accordance with national and international
recommendations [17,19, 24-33]. In addition, the 2008
WHO N. gonorrhoeae reference strains intended for
quality assurance and quality control of gonococcal
AMR surveillance [3,4], a prerequisite for any global
WHO AMR surveillance programme for N. gonorrhoeae,
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were implemented during 2009 in quality assurance
and control. The further rationale and applications
for, and uses of, these reference strains are provided
in WHO documents elsewhere [13]. These are used for
the provision of internationally valid and comparable
phenotypic and genetic AMR data worldwide. Genetic
typing of resistance mechanisms, an additional aim for
RU-GASP, is becoming increasingly relevant for surveil-
lance of resistance to antimicrobials, especially for the
expanded-spectrum, third generation cephalosporins
[3,4,34,35], even though current testing remains based
on MIC determinations.

Conclusion

In conclusion, the present national RU-GASP sur-
vey emphasises that the antimicrobial resistance of
N. gonorrhoeae across Russia is exceedingly high and
ceftriaxone should be the first-line antimicrobial for
gonorrhoea treatment. If there is no access to ceftri-
axone or in cases of severe beta-lactam antimicrobial
allergy, spectinomycin should be used. Continuous
and quality-assured local, national and international
surveillance of N. gonorrhoeae antimicrobial suscepti-
bility/resistance is crucial for public health purposes.
It is fundamental to establish, quality-assure and
quality-control regional and national GASP networks in
many of the other eastern European countries, some-
thing that is presently in progress under WHO proto-
cols [3,4,13].

Acknowledgements

We are grateful for the collaboration of the heads and staff
of all the included surveillance sites. Special thanks to M
Tarasova, A Belikov, A Pozdnyakov, L Kiseleva, T Smirnova, N
Amozov, | Prib, Y Bukin, N Kirpicheva, A Severinov, M Zemzov,
M Glusmin, V Dumchenko, V Temnikov, N Nikulin, S Ribalkin, |
Shakurov, M Sabaev, | Minullin, V Merzlyakov, T Chernova, V
Karyanov, B Latypov, O Sharisheva, V Kalyganov, N Kungurov,
M Zaharova, R Yarushina, A Strelnikov, N Dolgenitsina, Y
Novikov, Y Karelin, L Berdizkaya, V Onipchenko, M Arshynsky,
and O Iskandarova.

References

1. World Health Organization. Gonorrhoea — Incidence rate
(per 100,000 population). WHO Regional Office for Europe.
Centralized information system for infectious diseases (CISID)/
Sexually transmitted infections (STI). Available from: http://
data.euro.who.int/cisid

2. Statistical information from the State Epidemiologic
Surveillance Centre for Communicable Diseases by the Health
Ministry of the Russian Federation. [Morbidity due to infections
in the Russian Federation during 2007-2008]. Moscow, Russia.
[Russian].

3. Tapsall JW, Ndowa F, Lewis DA, Unemo M. Meeting the
public health challenge of multidrug- and extensively drug-
resistant Neisseria gonorrhoeae. Expert Rev Anti Infect Ther.
2009;7:821-34.

4. Unemo M, Fasth O, Fredlund H, Limnios A, Tapsall J. Phenotypic
and genetic characterization of the 2008 WHO Neisseria
gonorrhoeae reference strain panel intended for global quality
assurance and quality control of gonococcal antimicrobial
resistance surveillance for public health purposes. ) Antimicrob
Chemother. 2009;63:1142-51.

5. Australian Gonococcal Surveillance Programme, Tapsall J.
Annual report of the Australian Gonococcal Surveillance
Programme, 2008. Commun Dis Intell. 2009;33(3):268-74.

13



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

14

Bala M, Jain RK, Ray K. Antimicrobial susceptibility profile of
resistance phenotypes of Neisseria gonorrhoeae in India. Sex
Transm Dis. 2008;35(6):588-91.

Centers for Disease Control and Prevention (CDC). Sexually
Transmitted Disease Surveillance, 2007. Supplement:
Gonococcal Isolate Surveillance Project (GISP) Annual Report
2007. Atlanta, GA; 2009. Available from: http://www.cdc.gov/
std/statso7/gonorrhea.htm#a14

Deguchi T, Yasuda M. Lack of nationwide surveillance of
antimicrobial resistance in Neisseria gonorrhoeae in Japan.
Ann Intern Med. 2008;149(5):363-4.

GRASP Steering Group. The Gonococcal Resistance to
Antimicrobials Surveillance Programme (GRASP) Year
2007 report. London: Health Protection Agency 2008.
Available from: http://www.hpa.org.uk/web/HPAwebFile/
HPAweb_C/1221117895841

Kubanova A, Frigo N, Kubanov A, et al. National surveillance
of antimicrobial susceptibility in Neisseria gonorrhoeae in
2005-2006 and recommendations of first-line antimicrobial
drugs for gonorrhoea treatment in Russia. Sex Transm Inf.
2008;84(4):285-9.

Martin IM, Hoffman S, Ison CA; ESSTI Network. European
Surveillance of Sexually Transmitted Infections (ESSTI): the
first combined antimicrobial susceptibility data for Neisseria
gonorrhoeae in Western Europe. ) Antimicrob Chemother.
2006;58:587-93.

WHO Western Pacific Gonococcal Antimicrobial Surveillance
Programme. Surveillance of antibiotic resistance in Neisseria
gonorrhoeae in the WHO Western Pacific Region, 2006.
Commun Dis Intell. 2008;32(1):48-51.

WHO GASP Document. Rationale and applications for the
current (2008) WHO panel of Neisseria gonorrhoeae for
antimicrobial resistance surveillance for public health
purposes, and instructions for their use. In: Technical
document Doo7-0408-1#1 (2008) Sydney: WHO Collaborating
Centre for STD.

Workowski KA, Berman SM, Douglas JM Jr. Emerging
antimicrobial resistance in Neisseria gonorrhoeae: urgent
need to strengthen prevention strategies. Ann Intern Med.
2008;148(8):606-13.

Kobenko EG, Gerasimova NM, Sergeev AG, Skidan NI,
Shcherbakova NV, Churakov AS. [Sensitivity of clinical strains
of Neisseria gonorrhoeae circulating in Yekaterinburg and the
Sverdlovsk region]. Klin Lab Diagn. 2005:(4):41-2. [Russian].

Vereshchagin VA, Il’una EN, Malakhova MV, Zubkov MM,
Sidorenlo SV, Kubanova AA, et al. [Resistance of Russian
isolates of Neisseria gonorrhoeae to fluoroquinolones]. Mol
Gen Mikrobiol Virusol. 2005;(1):23-7. [Russian].

Vorobieva V, Firsova N, Ababkova T, et al. Antibiotic
susceptibility of Neisseria gonorrhoeae in Arkhangelsk,
Russia. Sex Transm Infect. 2007;83:133-5.

Zoubkov M, Kubanova A, Vahnina T, Leniv I, Haldorsen
BC, Unemo M, et al. Antimicrobial resistance of Neisseria
gonorrhoeae, and emerging fluoroquinolone resistance in
Russia. Clin Microbiol Infect. 2007;83(2):133-5

Clinical and Laboratory Standard Institute. Performance
Standards for Antimicrobial Susceptibility Testing; Seventeenth
Informational Supplement. CLSI document M1o0-S17. Clinical
and Laboratory Standards Institute 27: 1-182, 2007.

Boslego JW, Tramont EC, Takafuji ET, Diniega BM, Mitchell BS,
Small JW, et al. Effect of spectinomycin use on the prevalence
of spectinomycin-resistant and penicillinase-producing
Neisseria gonorrhoeae. N Engl ) Med. 1987;317(5):272-8.

Palmer HM, Young H, Winter A, Dave J. Emergence and spread
of azithromycin-resistant Neisseria gonorrhoeae in Scotland. |
Antimicrob Chemother. 2008;62(3):490-4.

Chisholm SA, Neal T, Alawattegama AB, Birley HD, Howe RA,
Ison CA. Emergence of high-level azithromycin resistance in
Neisseria gonorrhoeae in England and Wales. ) Antimicrob
Chemother. 2009;64(2):353-8.

Starnino S, Stefanelli P; Neisseria gonorrhoeae Italian

Study Group. Azithromycin-resistant Neisseria gonorrhoeae
strains recently isolated in Italy. ] Antimicrob Chemother.
2009;63(6):1200-4.

Unemo M, Savicheva A, Budilovskaya O, Sokolovsky E,
Larsson M, Domeika M. Laboratory diagnosis of Neisseria
gonorrhoeae in St Petersburg, Russia: inventory, performance
characteristics and recommended optimisations. Sex Transm
Infect. 2006;82(1):41-4.

Unemo M, Vorobieva V, Firsova N, Ababkova T, Leniv I,
Haldorsen BC, et al. Neisseria gonorrhoeae population in
Arkhangelsk, Russia: phenotypic and genotypic heterogeneity.
Clin Microbiol Infect. 2007;13(9):873-8.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Bignell CJ; European branch of the International Union against
Sexually Transmitted Infection and the European Office of

the World Health Organization. European guideline for the
management of gonorrhoea. Int) STD AIDS. 2001;12 Suppl
3:27-9.

Centers for Disease Control and Prevention (CDC). Sexually
transmitted diseases treatment guidelines, 2006. MMWR Morb
Mortal Wkly Rep. 2006;55:1-100.

Savicheva A, Sokolovsky E, Frigo N, et al. Guidelines

for laboratory diagnosis of Neisseria gonorrhoeae in
East-European countries. Part 1: Gonorrhoea, sampling,

and microscopy for diagnosis. Acta Medica Lituanica.
2007;14:65-74.

Savicheva A, Sokolovsky E, Frigo N, Priputnevich T, Brilene T,
Deak J, et al. Guidelines for laboratory diagnosis of Neisseria
gonorrhoeae in East-European countries. Part 2. Culture, non-
culture methods, determination of antibiotic resistance, and
quality assurance. Acta Medica Lituanica. 2007;14:123-34.

Shipitsyna E, Guschin A, Maximova A, Tseslyuk M, Savicheva
A, Sokolovsky E, et al. Comparison of microscopy, culture and
in-house PCR and NASBA assays for diagnosis of Neisseria
gonorrhoeae in Russia. APMIS. 2008;116(2):133-8.

Van Dyck E, Meheus AZ, Piot P. Gonorrhoea. In: Laboratory
diagnosis of sexually transmitted diseases. World Health
Organization (WHO), Geneva; 1999:1-21.

World Health Organization. Management of sexually
transmitted diseases, WHO/GPA/TEM94.1 Rev 1. Geneva: WHO,
1997. Available from: http://whglibdoc.who.int/hq/1994/
WHO_GPA_TEM_94.1_Rev.1.pdf

Shipitsyna E, Zolotoverkhaya E, Hjelmevoll SO, Maximova

A, Savicheva A, Sokolovsky E, et al. Evaluation of six nucleic
acid amplification tests used for diagnosis of Neisseria
gonorrhoeae in Russia compared with an international strictly
validated real-time porA pseudogene polymerase chain
reaction. ) Eur Acad Dermatol Venereol. 2009;23(11):1246-53.

Unemo M, Olcén P, Fredlund H, Thulin S. Real-time PCR and
subsequent pyrosequencing for screening of penA mosaic
alleles and prediction of reduced susceptibility to expanded-
spectrum cephalosporins in Neisseria gonorrhoeae. APMIS.
2008;116(11):1004-8.

Whiley D, Bates J, Limnios A, Nissen MD, Tapsall J, Sloots TP.
Use of a novel screening PCR indicates presence of Neisseria
gonorrhoeae isolates with a mosaic penA gene sequence in
Australia. Pathology. 2007;39(4):445-6.

www.eurosurveillance.org



LETTERS

Association of D222G substitution in haemagglutinin of

2009 pandemic influenza A (HIN1) with severe disease

G C Mak*, KW Aut, L S Tait, K C Chuang?, K C Cheng?, T C Shiu, W Lim (wllim@pacific.net.hk):
1. Centre for Health Protection, Department of Health, Hong Kong SAR

Citation style for this article:

Citation style for this article: Mak GC, Au KW, Tai LS, Chuang KC, Cheng KC, Shiu TC, Lim W. Association of D222G substitution in haemagglutinin of 2009 pandemic
influenza A (H1iN1) with severe disease. Euro Surveill. 2010;15(14):pii=19534. Available online: http://www.eurosurveillance.org/ViewArticle.aspx?Articleld=19534

To the editor: The preferential binding of influenza virus
to sialic acid-a2,3-galactose (a2,3 receptor) or sialic
acid-a2,6-galactose (a2,6 receptors) may determine
its tropism as a2,3 and a2,6 receptors are dominant on
lower and upper respiratory cells respectively [1]. The
recent glycan microarray analysis suggested that the
haemagglutinin (HA) D222G substitution could cause a
shift from a2,6 receptors to the mixed a2,3/a2,6 recep-
tors specificity which might increase binding to a2,3
receptors [2] and contribute to severity of disease. This
substitution in the HA gene has been reported in sam-
ples of viruses obtained from cases with mild to severe
illness from around 20 countries, areas and territories
[3]. Arecent study from Norway has evaluated the clini-
cal relevance of this substitution with severe and mild
cases [4].

TABLE
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In an attempt to understand the relevance of HA D222G
substitution among pandemic influenza A (H1N1) caus-
ing infections in Hong Kong, HA gene sequences from
respiratory specimens and virus isolates of severe and
non-severe cases were examined. Cases were indi-
viduals who had laboratory confirmed pandemic HiN1
influenza virus by either viral culture or reverse tran-
scription PCR (RT-PCR) of respiratory specimens [5].
The severe cases were individuals classified by the
attending physician as being in a serious or critical
condition.

From 1 May 2009 to 31 January 2010, 458 respiratory
samples were examined. Of 219 severe cases, nine
(4.1%) showed D222G substitution while none of the
239 non-severe cases showed D222G substitution. Four
of the nine cases died. The association of D222G with

Comparison between severe and non-severe cases of pandemic HINI infection with D222G mutation® in the
haemagglutinin gene, Hong Kong, May 2009-January 2010 (n=458)

All cases Severe cases Non-severe cases
Number Number with % with Number  Number with % with Number
tested D222G D222G tested D222G D222G tested
2009
May 14 0 (0% 0 0 14 0 0 NA
June 17 0 0¢ 0 0 17 0 0 NA
July 57 3 5.3 14 3 21.4 43¢ 0 0 0.025
August 89 0 0 37 0 0 52 0 0 NA
September 107 2 1.9 57 2 3.5 50 0 0 0.563
October 55 0 0 39 0 0 16 0 0 NA
November 37 2 5.4 19 2 10.5 18 0 0 0.514
December 45 2 4.4 29 2 6.9 16 0 0 0.820
2010
January 37 0 0 24 0 0 13 0 0 NA
Total 458 9 2.0 219 9 44 239 0 0 0.002

NA: not applicable; p: p-value of difference of severe and non-severe cases with D222G mutation, calculated by Fisher’s exact test, doubled

one-sided.

2 Amino acid position is D239G when counted from the start codon of the strain of human swine influenza virus type A (subtype H1)

A/California/4/2009, GenBank Accession: Fj966082.

® The number of cases in each month was based on the date of specimen collection.

¢ The first severe case was found in July 2009.

4 This case was found with 222G in culture but 222D in original specimen, it was classified as 222D.
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severe disease was statistically significant (p=o0.002,
Fisher’s exact test, doubled one-sided). Other sub-
stitutions, of D222N (severe cases, n=3; non-severe
cases, n=1) and D222E (only in non-severe cases, n=4)
were also found. The first severe case appeared on 6
July 2009 and D222G substitution was detected in July,
September, November and December of the same year
(Table).

No distinct phylogenetic clusterings of the severe
cases with D222G substitution have been observed
(data not shown). To put this in perspective, from July
2009 to January 2010, the accumulated severe cases
were 244 while the number of isolates in our labora-
tory was 25,625. Priority of analysis has been given to
severe cases over non-severe cases, with 90% and 1 %
of cases analysed respectively.

Influenza is an RNA virus which evolves rapidly, fre-
quently changing surface structures. A recent study at
the United States (US) Centers for Disease Control and
Prevention reported 14 cases with D222G substitution
found only in virus isolates but not in the original clini-
cal specimens [3]. We observed similar finding with
one non-severe case showing D222G substitution in a
virus isolate but not in the original clinical specimen,
however, for the other nine severe cases, we detected
D222G substitution in both the virus isolate and origi-
nal specimen. Similar to the Norwegian study, we also
found mixed 222G and 222D in some severe cases [4].
Although experiments with ferrets did not support a
causal link of D222G substitution with virulence [3],
further study is warranted to elucidate the intriguing
relationship between D222G substitution and severe
disease.
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To the editor: We appreciate the response to our paper
made by Dr. Mak and colleagues, whose data from
Hong Kong SAR appear to be in good agreement with
what we have seen in Norway.

In our original study, we observed a significantly higher
frequency of D222G in patients with severe outcomes
(including fatal) compared to patients with mild dis-
ease. In fact, in both our data set and the Hong Kong
data, mutant viruses were not found among several
hundred mild cases. Furthermore, as can be seen from
our published data, the frequency may be higher also
in fatal outcomes (eight of 27 cases) versus severe non-
fatal outcomes (three of 34 cases). Comparing these
frequencies results in p=0.078 with Fisher’s exact test
(two-sided) and p=o0.046 with the Mid-P Exact test
(two-sided). It would be interesting to know if the new
data from Hong Kong SAR can corroborate this obser-
vation. Mak et al. report four fatal D222G cases and
five non-fatal severe D222G cases, but one would also
need to know the total number of fatal cases versus
non-fatal severe cases analysed to make the compari-
son. Hopefully, this information can be obtained.

D222G substitution in virus isolates only and not in the
original clinical specimens was found in one case in
Hong Kong and 14 cases reported by the United States
(US) Centers for Disease Control and Prevention [1]. We
have also seen this virus culture artefact in one case
with mild disease. This case was counted as wild type
in our data set. This further underscores the impor-
tance to perform the sequence analysis of the primary
specimen.

The frequency of D222G mutant viruses in the severe
cases is somewhat lower in the Hong Kong data, com-
pared to ours (4.1 per cent in Hong Kong data versus
18 per cent in our data set). Whilst this difference may
represent a real variation in frequency, it may also arise
from a different composition of cases, e.g. if the propor-
tion of fatal cases were higher in the Norwegian sam-
ple of severe plus fatal cases. Mak and colleagues also
observed, as we did, that the 222G mutant sometimes
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occurs in a mixture with non-mutated 222D genomes.
Sensitivity of detection of mutant viral genomes when
occurring as the minority variant in such mixtures may
thus also influence the observed frequency. We have
been using a pyrosequencing assay to identify the
222 genotype. Under ideal conditions this methodol-
ogy can reliably detect and quantitate a mutant when
present in the total virus population at levels as low as
10% [2]. However, in our data set the initial finding of
D222G mutants by pyrosequencing could uniformly be
verified by conventional sequencing. Therefore, since
the Hong Kong data come from a study focusing on
this particular position we assume that the methodol-
ogy difference is not likely to have caused the different
frequencies in the two data sets. In the overall glo-
bal data, however, it is possible that some cases with
mutant/wild type mixtures have been overlooked and
only the majority sequence recorded.
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