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BRIEF REPORTS

SEVERE PERTUSSIS IN INFANTS

ESTIMATED IMPACT OF FIRST VACCINE DOSE AT 6
VERSUS 8 WEEKS IN AUSTRALIA

Alice Ruth Foxwell, MSc, PhD,*f Peter Mclntyre, MB BS, PhD.}
Helen Quinn, MAE, PhD.} Katrina Roper, MAE, PhD,*
and Mark S. Clements, PhD}

Abstract: We estimated the potential benefits of advancing the first dose of’
pertussis vaccine for infants from 8 to 6 weeks of age, using Australian
national disease databases. Infants had notification rates 3-fold greater than
the general population and accounted for 52% of recorded hospitalizations.
Infants 1 and 2 months of age had notification rates 3.5 times (95% CI:
2.7-4.5) higher than infants 3 to 11 months of age. Estimation of accel-
eration of the vaccine to 6 weeks of age reduccd average notifications,
hospitalizations, and hospital bed-days by 8%, 9%, and 12%, respeetively.
with larger reductions in an epidemic year.
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It is estimatcd that whooping cough caused 294,000 deaths
globally in 2003, but even in countries with long-standing
surveillance and immunization programs, offieial pertussis notifi-
cations recorded only a fraction of actual cases.' Severity of
disease and mortality is greatest in infants,? but most industrialized
countries do not recommend the first vaccine dose unti] 8 weceks of
age.” The World Health Organization (WHO) recommends the
first dose be given at 6 wecks of age, and the vaecine is licensed
for use from this age in Europe, North America, and Australia.™*
Shinall et al’ recently modeled the effects of acceleration of
the first dose of the primary series in infants from 8 weeks to 6
weeks of age in the United States, using aggregated data on
notifications and their reported hospitalization status, assuming
¢qual distribution of these over the first 2 months of life. Cortese
et al,® using US national data on hospitalizations coded as due to
pertussis, found higher rates of hospitalization and a rate in the
second and third months of lific more than double than in the first
4 wecks of life, questioning the validity of the equal distribution
assumption of Shinall et al.”> We used national line listed data for
notifications and hospital days coded as due to pertussis during a
10-year period in Australia to evaluate the potential benefits of
advancing the first vaccine dose in infants to 6 weeks of age in a
setting, comparable to the United States, of an industrialized
country with a long-standing pertussis immunization program.
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METHODS

Pertussis notifications with diagnosis date between January
1 1999 and December 31 2008 were extracted from the Australian
National Notifiable Diseases Surveillance System. Hospitaliza-
tions coded in any field as whooping cough with an admission date
between January | 1997 and December 31 2006 were extracted
from the Australian Institute of Health and Welfare Hospital
Morbidity Database. Deaths were denived from notifications so
coded in the National Notifiable Discascs Surveillanee System.

Incidence rates were calculated using Australian Bureau of
Statistics midyear population estimates’ in the denominator, with
the assumption that the population for each month of age was
one-twelfth that of the total population less than 1 year of age.
Bed-days were calculated by summing total days in hospital for
cach age group.

Negative binomial regression was used to compare inci-
dence rates across age groups using rate ratios. x> was used for
trend comparison. Ninety-five percent confidence intervals (CI)
and P values were calculated using Intercooled STATA version 9.
P values less than 0.05 were considered statistically significant.

Following methodology established by Shinall et al,® the
effect of vaccine acceleration was estimated by using the average
rate per month of pertussis notification or hospitalization multi-
plied by the number of live births in 2007 in Australia (285,213)
to obtain the expected number of pertussis notifications or hospi-
talizations by month of age. Benefits were calculated using an
incidence shift in whooping cough rates, hospital admissions, or
bed-days of 2 wecks from the second to the fourth menth. Benefits
accrue because of the decrease in notifications and hospitalizations
reported each month from 1 month to 3 months of age. Estimations
assumed an equivalent immune response to DTPa vaccine at 6 and
8 weeks of age and that the timeliness of vaccine coverage under
a 6- and 8-week first dose recommendation would be similar. The
difference in rates of notifications and hospitalizations equaled the
current rate minus the estimated rate. Similar calculations were
applied for estimating bed-days saved. The primary scries for
pertussis containing vaccine in Australia is given at 2, 4, and 6
months of age, although 1 jurisdietion (New South Wales) has
recommended commencing at 6 weeks since 2009.

RESULTS

Pertussis Notification and Hospitalization in Infants Less Than |
Year Old. For the petiod 1999 to 2008, the notification rate for
pertussis in children less than | year of age was 2.6 times that of
the general population. In the 10 years, between 1997 and 2006,
infants aged less than | year represented 52.4% (3032 cases) of all
recorded whooping cough hospital admissions. All the notifica-
tions and 41% (1228) of hospital admissions had Bordetella
pertussis atiributed as the causative agent.

When notification rates were examined by 1 month age
brackets, those aged 1 and 2 months were 3" times more likely to
be notified for pertussis than those aged 3 to less than 12 months
(Table 1). Compared with infants aged between 3 and less than 12
meonths, the incidence ratc ratio was 3.5 (95% CI: 2.7-4.6) for
those aged | month, 3.4 (95% Cl: 2.6-4.5) for those aged 2
months, and 2.0 (95% CI: 1.5-2.7) for infants in their first 4 weeks
of life. Infants aged 3 and 4 months were 35% (P = 0.063) and
49% (P = 0.004) less likely to contract pertussis than those at 2
months. A similar pattern was seen for hospital admissions (34%
and 57% reduction) and overall hospital bed-days (50% and 73%
reduction) {Table 1). If notifications and total hospital admissions
between 1999 and 2006 were compared, a larger proportion of
infants aged 1, 2, and 3 months were hospitalized than other
infants less than | year. Among hospitalized infants, there was a
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TABLE 1. Notification Rates, 19992008 and Hospitalization Rates With Length of Stay in Hospital (LOS),
1997-20086, of Children With Whooping Cough Aged Less Than 1 Year in Australia
(¢ Months 1 Month 2 Months 3 Months 4 Months 5 Months 6-11 Months
Mean notification rate per 100,000 134 (52, 238)  245(91, 489} 232 (110,447 160(22,267) 118(43,200% 68122, 155) 50 (15, 94}
{range}
Mean hospitalization rate per 100,000 128 (62,284) 368 (169, 810) 339 (164, 810) 224(84,602) 146(84,602} 73(31,185) 27 (15, 78
{range}
Mean LOS (95% CL} id) 0.4 (8, 10.8) 6.8(6.3, 7.4} 6.4(5.4,7.3) 4.8(4.3,4.68) 4.1(3.6,4.6) 3529 4) 4.7(2.8, 6.6}
Total Bed-days per year (95% CD) (d} 255 (216, 293) 530 (487, 572) 458 (390, 525) 228(202,253) 127(111,142) 5345, 61 27 (16, 38)
More than 5 d in hospital (%) 52 45 37 28 24 19 22

CI indicates confidence interval.

clear trend for decreasing length of hospital stay with increasing
age. The proportion of infants spending more than 5 days in
hospital declined from 52% for those less than 4 weeks of age to
23% at 6 months (P << 0.001, Table 1) and for more than 10 days
in hospital from 29% to 5%, respectively.

Effect of Vaccine Acceleration, It was estimated that accelerating
the first dose of the DTPa vaccine from 2 months to 6 weeks of age
would result in an annual reduction of 1 notifications (8%), 17
hospitalizations {9%), and 151 bed-days (12%). The number
needed to vaceinate to achieve this reduction would be 25,465 for
notifications and 16,679 for hospitalizations.

Whooping eough occurs in epidemice cycles, with a substan-
tially greater burden and potential for public concern in an epi-
demic year. If calculated for 2001, an cpidemic year common to
both data sets, we find a greater reduction than the mean with 12%
in notifications, 10% in hespitalizations and 12% in hospital
bed-days.

Of the 11 deaths identified in the study period, 4 (36%)
would have had the opportunity to be immunized at least 10 days
before date of diagnosis of disease with 1 dose of vaccine if the
first dose were to be advanced to 6 weeks of age.

DISCUSSION

Infants in their first 3 months of kife are at significantly
greater risk than any other age group of acquiring severe pertussis,
as measured by hospitalization, length of hospital stay, and death.
Potential measures to reduce the burden of early infant pertussis
may be both indirect, such as maximizing the timeliness and
population eoverage of infant vaccination and vaccination of
adults in contact with infants, incfuding maternal vaecination,® and
direct such as earlier infant vaccination.

Our findings are in kegping with a recent analysis using
aggregated US data® which estimated that accelerating the first
vaceine dose by 2 weeks reduced notified whooping cough cases
by 8% and hospitalizations by 9%. Additionally, the longer hos-
pital stay seen among the youngest infants could be reduced by
12% of hospital bed-days per year, We also estimated the potential
benefits of an earlier first vaceine dose in epidemic years and found
that the additional estimated benefit increased by 50% (from 8% to
12%) for netifications and by 11% (from 9% to 10%) for hospital-
izations eotnpared with an interepidemic period. As with the US
study, the reduetion in cases occurs mainty between the second and
fourth month of life and depends on the assumption that some degree
of protection against severe pertussis accrues after even | dose.?

A limitation of the databases used is that there is potential
for under-ascertainment (if the most sensitive diagnostic test was
not used) and for misclassification (if some cases coded as pertus-
sis on clinical grounds without labgratory confirmation were hos-
pitalized for other reasons). Furthermore, the estimated reduction
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in hospitalizations may be less than 12% as only 41% of hospital
admissions were coded as being specifically due to B. pertussis.

The reduetions between month 2 and 4 and then 4 and 6 in
notifications (49% and 358%, respectively) and hospitalizations
(57% and 82%, respeetively) provide some evidenee for the
efficacy of the first and the second dose of a pertussis containing
vaccine. This trend was also noted in the analysis of hospitalization
rates by Cortese et al® and in notification rate data by Shinall et al®
Uncertainty regarding immune response is greater for acceleration
of the third dose of vaecine, than for the first dose for postimmu-
nization levels of pertussis, diphtheria, and tetanus antibodies.’”
With respeet to the first dose of vaccines including aceltular
pertussis antigens, administration from 6 weeks of age is approved
by regulatory authorities in North America, Europe, New Zealand,
and Australia, although little direct comparative data between first
doses at 6 or 8 weeks are available.” With respect to subsequent
doses, some Eurepean countries have accelerated primary sched-
ules with the third dose at 4 months of age, while others do not
give the third dose, as a booster, until 12 months of age.”

There is evidence of lesser responses to both pertussis
antigens'® and other antigens, particularly the protein conjugate
polysaccharide vaecines,'' when the third dese is given at 4
months. In the light of these concerns, and the evidence of good
protection against pertussis after 2 doses (when given at 2 and 4
months ofage),”™'? should the first dose be accelerated to 6 weeks,
caution would be required regarding a third dose any earlier than
6 months of age. With respect to the implementation of an carlier
first dose, it is likely that if parents and vaecine providers were
convineed about the benefits, this would be straightforward. This is
because most industrialized countries have existing recommenda-
tions for a routine postnatal visit at approximately 6 wecks, which
could be integrated with eommencement of the infant vaceine
schedule.
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A CLUSTER OF PEDIATRIC ENDEMIC TYPHUS
CASES IN ORANGE COUNTY, CALIFORNIA
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Felice C. Adler-Shohet, MD,} and Negar Ashouri, MDY

Abstract: Murine typhus is typically a mild febrile illness caused by
Rickettsia tvphi, generally confined to Texas and Southern California.
Clinicians should consider carly treatment with doxycycline when pre-
sented with a child having protracted fever, rash, and headache. We present
5 pediatric cases and a literature review highlighting the changing epide-
miclogy and diagnostic difficulty of typhus.

Key Words: murine typhus, endemic typhus, Rickettsia typhi, pediatric
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urine, or endemie typhus, is a febrile illness caused by

Ricketisia typki, an obligate intracellular Gram-negative or-
ganism. Fever may be accompanied by severe headache and
myalgias. A diserete maculopapular rash typically appears on days
5 to 7 of illness. Since symptoms have considerable overlap with
a variety of ilinesses, particularly viral syndromes, the diagnosis is
often not considered. We present 5 pediatric cases of confirmed
murine typhus in Orange County, California, which highlight the
need to consider the diagnosis of endemic typhus in the child with
prolonged fever and rash. These children received extensive and
costly evaluations before the diagnosis of typhus was considered.
The changing epidemiology and review of the litcrature are pre-
sented to aid the clinician in considering this infection in the
diagnosis of the child with fever of unknewn origin.

© 2011 Lippincon Williams & Wilkins
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CASES

Clinical and laboratory features of the 5 cases are presented
in Tables 1 and 2. Each of these patients eventually was hospital-
ized for evaluation of fever. All of our cases presented after at least
1 week of fever following multiple evaluations and treatments for
potential alternative dtagnoses. Of the 5 patients, 4 had rashes.
Headache, abdominal pain, myalgias, and emesis were prominent
symptoms. All had elevated C-reactive protcin, mild hepatitis, and
mild hyponatremia. Cases 1 and 2 presented with the more classic
pieture of prolonged fever, rash, and headache in a teenaged child.
Both responded rapidly to empirtc doxyeycline therapy, becoming
afebrile within 24 hours. Case 3 had milder illness typically seen
in the younger ehild. Case 4 demonstrates the diagnostic difficulty
of considering the diagnosis when rash is not present. This child
was admitted to the pediatric intensive care unit because of severe
thrombocytopenia and concern for possible hemolytic-uremic syn-
drome. Case S highlights the clinical overlap between murine
typhus and Kawasaki disease as this patient met full criteria for
Kawasaki disease, including an isolated cervical lymphadenopa-
thy, and received intravenous immunoglobulin and aspirin before
the diagnosis of murine typhus was performed. All patients had
diagnosis of murine typhus confirmed by indirect fluorescent
antibody testing (IFA), with acute titers sent to commercial labo-
ratories (Speeialty Laboratories in Valeneia, CA for cases 1, 3, and
4 and Focus Diagnostics in Cypress, CA for eases 2 and 5) and
convalescent titers to the Orange County Health Department.

DISCUSSION

Endemic typhus, first deseribed in 1926, ts a zoonotic
disease with a rat reservoir and a flea vector, most commonly
Xenopsylla cheopis. Humans are incidental hosts. Historically, it
has been considered an urban disease because of over-crowding
and poor sanitation.' Currently less than 100 cases are reported
annually in the United States.” However, the exact prevalence of
murine typhus is difficult to determine because of under reporting
and under-diagnosis.® Aside from a 2002 outbreak in Hawaii,
cases are mostly limited to Texas and Southem California.! Tn
2009 in California, there were 25 reported cases of typhus, 6 of
which were in Orange County,* There is evidence that typhus
exists in other states, as demonstrated by Marshall’s data of
seropositive children in Oklahoma, Kentucky, and Kansas.?

As early as 1970, researchers noticed a trend in typhus cases
in suburban locations rather than the typical urban setting. Adams
et al® documented an increase in R. typhi scropositive animals,
specifically opossums, in the Los Angeles suburbs. Opossums
carry a different species of flea, Crenocephalides felis or “cat flea,”
which is ubiquitous and infects peridomestic animals such as
opossums, skunks, and free ranging cats and dogs.” Tt has been
shown that C. fefis can transmit R. fyphi to humans.® Since
suburban dwellers are more likely to have contaet with peridomes-
tic animals, murine typhus is now being maintained in the subur-
ban areas of Southemn California and Texas. There is also increas-
ing evidence that many of the clinically diagnosed cases of murine
typhus may, in fact, be caused by Ricketisia felis, a recently
discovered pathogen.”

Symptoms of endemic typhus may be mild, particularly in
younger children, and seldom last for more than 2 weeks, leading
to under diagnosis. However, visceral involvement, such as aseptie
meningitis, or endocarditis, can occur. During a recent outbreak in
Austin, Texas of 53 patients, only 8 of whom were children, 70%
were hospitalized, with 30% in the intensive care unit.? Untreated
severe disease can be fatal in 4% of eases.'

Qur cases exhibited features consistent with those previ-
ously described in the literature. The most common symptoms in
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Neurologic Manifestations of Novel HIN1

a case serics of 30 pediatric patients were fever, rash, and head-
ache, and the most common laboratory abnormalities were elc-
vated erythrocyte sedimentation rate, elevated transaminase val-
ues, hyponatremia, and leukopenia with a left shift.” Our patients
had similar findings and, additionally, abdominal pain was com-
mon. Unfortunately, patients without these common symptoms
may not be recognized such as was case 4 who lacked a rash.
Lymphadenopathy, especially isolated lymphadencpathy, is not a
commen finding,” thus adding to the complexity of case 5. The
difficulty comes in confirming the clinical suspicion of typhus, as
these symptoms and laboratory values are nonspecific and fre-
quently lead to extensive infectious workup and treatments before
to serologic confirmation. Because typhus serologies are per-
formed only in certain specialty laboratories, results are often
delayed making empiric administration of doxycycline imperative
if the diagnosis is suspected to prevent severe or life-threatening
disease.'” Doxycycline is considered a safe and superior therapy in
children less than 8 years old, repardless of risk of teeth staining."'

IFA and enzyme immunoassays have largely replaced the
Weil Felix agglutination test and peak at about 4 weeks after
infection. A 4-fold titer increase between acute and convalescent
serum specimens is diagnostic. IF A, the standard diagnostic test,
identifies antibodies to the Rickettsial heat-labile protein antigens
and lipopolysaccharide antigens.'® Enzyme immunoassay uses
antigen-coated wells to identify different types of Rickettsial
infections. The different Rickettsial species are so closely related
that there is significant cross-reactivity, especially between R.
tvphi and R. felis, which are 98.5% homologous.'* A polymerase
chain reaction test that amplifies the spotted fever group genetic
segment or the typhus group segment during the acute phase of
infection is not currently commercially available.'

CONCLUSION

Clinical manifestations of endemic typhus can mimic other
protracted febrile illnesses such as viral infections and noninfec-
tious processes such as Kawasaki disease. Clinicians should con-
sider the diagnosis even in patients without rash, who have
consistent clinical and laboratory features, particularly those resid-
ing in endemic areas like southem California, southern Texas, and
Hawaii. Empiric doxycycline while awaiting confirmatory sero-
Jogic results can lead to rapid improvement and avoid life-threat-
ening complications.
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NEUROLOGIC MANIFESTATIONS OF PEDIATRIC
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Abstract: Reported neurologic manifestations of novet HIN1 influenza
have included seizure, meningoencephalitis, and acute necrotizing enceph-
alopathy. We describe the first series of pediatric patients presenting during
the secand wave of the US novel HINT pandemic, with protracted seizures,
severe engephalopathy/encephalitis, and acute disseminated encephalomy-
elitis. In addition to prominent radiographic abnormalities, we provide
the first observation and description of associated cerebrospinal fluid
abnormalities.
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Neuro]ogic complications occurring in association with sea-
sonal influenza type A (HIN] and H3N2) and influenza type
B viruses have been well documented in children. A broad spec-
trum of manifestations have been described, including seizures,
encephalitis, acute disseminated encephalomyelitis, Guillain-Barré
syndrome, transverse myelitis, encephalopathy, and acute necro-
tizing encephalopathy (ANE).!™*

The first report of neurologic disease in association with
novel HIN1 influenza A (nHIN!) infection occurred during the
first pandemic wave (May 2009), in 4 pediatric patients with
symptoms ranging from seizures to mild encephalopathy. How-
ever, cerebrospinal fluid (CSF) pleocytosis was absent in these
patients, radiologic evidence of brain parenchyma involvement
was absent in 3 of the 4 patients (with only nonspecific white
matter changes noted in 1 of the 4), and all patients recovered
fully.® Subsequently, 5 additional cases have been reported; an
infant with seizure,® an adolescent with meningoencephalitis,” and
3 children with ANE,*'? with a fata] outcome in a 7-year-old
previously healthy infant of Asian descent with ANE.? Radiologic
abnormalities were described in several of these cases,” '® but CSF
pleocytosis was absent, as in the previously described reports.”™"?

The present teport includes a series of pediatric patients
prescnting during the second wave of the US nHINI pandemic,
with a more severe spectrum of neurologic manifestations includ-
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ing protracted seizures, severe encephalopathy/encephalitis, and
acute disseminated encephalomyelitis (ADEM), all of which oe-
curred in previously nermal children. In additien to prominent
radiographie abnormalities, these cases were unique based on
coneomitant CSF abnormalities in 2 of 3 cases.

METHODS

Case Identification. We retrospectively identified 3 pediatric pa-
tients with cenfirmed nHIN1 infection and associated neurologic
complications hospitalized during the second wave of the US
pandemic (August—November 2009). All patients had preceding or
concurrent influenza-like iliness (ILI) associated with seizures,
encephalopathy, or encephalitis in conjunction with a confirmatory
laboratory test result for influenza A, without an alternative etiol-
ogy identified. CSF polymerase chain reaction (PCR) was per-
formed for herpes simplex virns (HSV) and enterovirus (EV) on all
patients and for novel HIN1 influenza in 2 patients using the
proFlu-ST multiplex real-time PCR (RT-PCR} assay (Prodesse, Mad-
ison, WT), according to the manufacturers’ instructions. Two of the 3
patients (A and C) were enrolled in the Tennessce Unexplained
Encephalitis Study and had extensive additional testing of CSF and
serum, with no alternative infectious etiology identified.

RESULTS
Case Descriptions.

Patient A, On August 27, 2009, a previously healthy, sickle cell
trait-positive, 5-year-old black boy was admitted with a l-day
history of confusion and irritability, preceded by a 5-day history of
upper respiratory symptoms including an oral temperature of
39.4°F, cough, rhinorrhea, headache, and myalgias. He had posi-
tive rapid influenza A testing at the referring urgent care faeility,
subsequently confirmed on admissien by nasal wash respiratory
viral antigen panel and nasal-swab RT-PCR. He had not received
seasonal nor nHIN] vaccinations in 2009, CSF analysis revealed
pleocytosis, elevated protein, and nermal ghlucose values. CSF
RT-PCR for influenza A was negative (Table 1). His initial
physical examination was unremarkable, but his mental status de-
chined, progressing to unresponsiveness to verbal comrnands, grirnac-
ing, twitching, and nystagmus. Electroencephalograph (EEG) re-
vealed complex partial status epilepticus and he was treated with
antiepileptic medieations (AEM). He required transfer to the intensive
eare unit, was intubated and maintained in a pentobarbital coma from
hospitalization day (HD) 7 through 14. Initial head computed tomog-
raphy (CT) was unremarkable. However, brain magnetic resonance
imaging (MRI) on HD 8 revealed subcortical white matter T2 hyper-
intensities with minimal enhancement of the right insular cortex
parenchyma, consistent with ADEM. He received a full course of
oseltamivir (HD 1-5), was transitioned to phenobarbital on HD 13,
and extubated on HD 19, After climcal improvement, he was dis-
charged to a rehabilitation facility on HD 27. Te date, he has mild
residual speech deficits that were not present premerbidly.

Patient B. On October 19, 2009, a previously healthy 23-month-
ofd Hispanic male was admitted with 6 episodes of presumptive
seizure beginning at his home and continuing in the emergency
department, charaeterized by generalized body stiffening with
tonic~-clonic jerks of his extremities and associated eye-rolling,
lasting approximately for 2 to 3 minutes. Nine days before admis-
sion, he was treated with oral antibiotic therapy for a presumned left
otitis media with associated subjective fever, cough, and rhinor-
rhea. He had not received nHIH] vaceine. On physical examina-
tion, he was febrile to 39.3°F with an unremarkable neurologic
examination except for 4 to 5 beats of clonus at the ankle
bilaterally. Respiratory viral antigen panel testing and RT-PCR of
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Summary of Clinical, Radiographic, and Laboratory Features

TARBLE 1.

CSF Profile

Influenza Testing at

Time of Admission
Resp Rapid Resp CSF WBC and

Additional
Testing*

EEG Radiographic Imaging
RBC Pro Glu

PCR PCR Differential

1LI and
Timing

Neurologic Symptoms

Age/Gender

Antigen

All negative

subcortical white matter

CT: unremarkable; MRI:
T2 hyperintensities,

50 54 Complex partial status
epilepticus

3

10 M2

AL

323S885L

+

Yes, onset 5 d
prior to

Confusion, irritability
progressing to

Patient A 5-yr boy

consistent with ADEM
CT: unremarkable; MRI:

neuro sx

grimacing, nystagmus,

unresponsiveness
Tonic/elonic seizures

All negative

None initially; Follow-up
MRI 2 mo later normal

wave signaling with

bilateral frontal

interictal spikes
54 Diffuse synchronous & CT: unremarkable; MRI:

64 Bilateral frontal spike

ND ND 416574L 35K 37
10M

neuro sx

Yes, onset 9d
prior to

Patient B 23-mo male

All negative

hilateral increased

asynchrongus

50

0

M

1290 L 10

Yes,
concomitant
with neuro
5%

Somnolence, lethargy
progressing to

Patient C  9-yr boy

thalamus & splenium in
T2 FLAIR

signal & heterogeneity
, La ¢rosse virus RNA PCR, human herpes virus-6 DNA PCR. enterovirus RNA PCR, adenovirus

of basal ganglia,

background slowing
with intermittent
rhythmie delta

waves

nonsensical speech,

mutism,
unrespansiveness

*Testing included CSF testing by herpes simplex virus DNA PCR, varicella-zoster virus DNA PCR, Epstein-Barr virus DNA PCR,

DNA PCR, influenza A RNA PCR, myceplasma tuberculosis DNA PCR.

'Rapid antigen testing as outpatient 9 days prior to admission; respiratory viral PCR testing at time of admission.

C. white blood cetl; RBC, red blood cells; Pro, protein; GLU, glucose; EEG, electroencephalography; S, segmented

AL, atypical lymphocytes; CT, computed tomwography; MRI, magmetic resonance imaging; ADEM, acute disseminated encephalomyelitis.

[LI indieates influenza-like illness; Reap, respiratory; PCR. polymerase chain reaction; CSF, cerebrospinal fluid; WB

neutrophils; D, not dene; neurs sx, neurologic symptoms; L, lymphocytes: M, monocytes;
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nasopharyngeal specimens were both positive for influenza A. CSF
analysis was unremarkable, and CSF PCR testing for HSV and EV
was negative (Table 1). After being admitted, the patient confinued o
have seizures, in absence of fever, and was treated with AEM. EEG
revealed bilateral frontal spike wave stgnaling with bilateral frontal
interietal spikes. Initial noncontrast head CT showed no parenchymal
abnormalities, although opacification of bilateral mastotd cells with-
out bony erosion was observed. Brain MR1 was not performed, as he
improved by HD4 and remained seizure-free on AEM. He also
reccived a full course of oseltamivir (HD 1-5). He was discharged to
home on HDS. Follow-up examination and outpatient brain MRI 2
months after discharge were normal.

Patient C. On October 23, 2009, a previously healthy 9-year-old
black boy was admitted with a 3-day history of progressive altered
mental status. Approximately 9 days before admission, he had sub-
jective fevers, headache, vomiting, sore throal, mild cough, and
congestion. He was evaluated at an urgent care center, along with his
aunt and cousin, all of whom had ILT and positive rapid testing for
influenza. He was not treated with antiviral therapy, but did consume
one dose of oseltamivir which had been prescribed for his aunt. He
had not received the HINI vaccine. Beginning 3 to 4 days before
admission, he developed gradually progressive fatigue/sleepiness and
waxing/waning level of responsiveness. He developed abnormal,
nonsensieal speech, and eventally became mute. On the day of
admission, his family noted “crossed eye” gaze, and his eyes rolling
1o the back of his head. PCR testing of his nasopharyngeal specimen
was negative. CSF analysis revealed pleocytosis with a lymphocytie
predominance, elevated protein, and normal glucose values (Table 1).
The CSF PCR for HSV, EV, and influenza A was negative. An EEG
showed diffuse synchronous and asynchronous background slowing
with intermitient rhythmic delta waves consistent with moderate
diffuse encephalopathy. An initial noncontrast CT of his brain was
within normal limits. However, a brain MRI performed on HD 2
revealed bilateral increased signal and heterogeneity of the basal
ganglia {(including the head of the caudate and putamen), the thalamus
and splenium of the corpus callosum on T2 FLAIR sequences,
without gadolinium enhancement. He gradually improved and made a
complete recovery without any neurologic sequelae by the time of
hospital discharge on HD 6. He completed a 5-day course of oselta-
mivir therapy.

DISCUSSION

Our series is the first to describe the neurologic manifesta-
tions of nHINI infection during the second wave of the US
pandemie, and the first to observe and deseribe associated CSF
abnormalities, which have not been noted in prior reports. The
nHIN! pandemic, in contrast to seasonal influenza epidemics,
disproportionately affected a younger population, and presents an
important opportunity o observe the neurologic manifestations of
this newly emerged virus. In the first wave of the US pandemic, 4
children ranging from 7 to 17 years of age with mild to moderately
severe neurologic abnommalities were reported, all of whom made
a full recovery.” No CSF abnommalities were observed in these
patients, and 3 of the 4 had nommal neuroimaging studies. Five
additional single cases have subsequently been published that have
broadened observations to include a younger age group, significant
radiologic abnormalities, and in 1 case, death, although CSF
pleocytosis was absent in all of these cases.®~'®

Our series of cases illustrates several features that have
not been previously appreciated in association with nHINI
neurclogic disease:

1. A predominantly lymphocytic/monocytic CSF pleocyto-
sis was observed in 2 of the 3 patients, without detection
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of influenza virus by PCR. Two patients had an elevated
CSF protetn, and all had glucose CSF values thal were
within normal range.

2. The time frame within which our series of patients pre-
sented with neurologic symptoms related to their respira-
tory symptoms was quite variable and extends the period
after TLI within which nHINl-infected children may
present with CNS manifestations. In 1 case, onset of severe
encephalopathy was delayed until after full resotution of ILI
symptoms, peaking 9 days after onset. This is in contrast to
prior reports, in which neurologic symptoms generally
occurred concomitant with respiratory symptomatology.

3. The pattern of radiographic findings in Patient C is
consistent with recent reports,™® and include marked
bilaterally symmetric basal ganglia and deep nuclei ab-
normalities. However, Patient A illustrates for the first
time that that widespread white matter abnormalities,
typical of ADEM, may also occur in association with
nHINI infection,

4. Despite the severity of symptomatology observed tn our
cases, a favorable outcome occurred. In contrast, the
outcomes of patients presenting with seasonal influenza-
associated neurologic complications have been highly
variable, ranging from complete recovery without se-
quelac to death, particularly in Asian patients with ANE.
in which up to 30% mortaliy has been observed.*

In summary, this series broadens our understanding of the
scope of neurologic manifestations and laboratory abnormalities
associated with pediatric nHINI infection. In concert with other
reported cases, lack of detection of viral genome in the CSF at the
time of symptoms suggests a possible eytokine-mediated or postin-
fectious immune-mediated mechanism of CNS injury rather than
direct infection, Continued vigilance is warranied, especially for
late-onset neurologic manifestations, as this newly emerged virus
adapts to the human population.
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Abstract: In France, despite a high rate of pneumococcal conjugate
vaccine coverage, the number of cases of pneumococcal meningitis in
children did not decline significantly between 2001-2002 (n = 264) and
2007-2008 (n = 244), A decline was observed among children <2 years
old (185 [70.1%] to 134 [54.9%] cases; P = 0.0004), but was counterbal-
anced by an increase among children =2 years old (79 [29.9%] to 110
[45.1%)] cases). Mean age increased significantly, from 2.3 {median 0.8) to
3.8 (median 1.5) years. After pnewnococcal conjugate vaccine 7 imple-
mentation, a wide diversity of serotypes implicated in pneumococcal
meningitis was observed; serotypes 19A and 7F were the most frequent.
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n France, Streptococcus pneumoniae is the leading cause of

bacterial meningitis in children aged less than | year and the
second cause (after Neisseria meningitidis) in older children.!
Many countries have adopted a 7-valent pneumococcal conjugate
vaecine (PVC7) as part of their routine vaccination programs, and
several studies have described its impact on invasive pneumococ-
cal diseasc (IPD).>™ Since PCV7 was introduced in the United
States, the incidence of 1PD has fallen, not only in the vaceination
target population but also among persons too young or too old to
receive the vaccine.® In contrast, few studies have examined the
impact of PCV7 on pneumococcal meningitis.®® In the United
States, between 1998-1999 and 2006--2007, following PCV7
implementation for children aged <(5 years, a larger decline was
observed in bacteremia without focal infection {(85%) than in
pneumococcal meningitis (64%).> In France, PCV7 was intro-
duced for children younger than 2 years of age in March 2002
{immunization schedule 3+ 1), and started to be reimbursed by the
national health insurance system in January 2003.° The PCV7
vaccination coverage has increased slowly: at least 1 dose of PCV7
had been received by 56% of children less than 1 year old in 2004,
compared with 64% in 2006, 73% in 2007, and 86% in 2008.'°
This gradual PCV7 uptake was probably related to the complexity
of the initial gnidelines, which recommended vaccination only for
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children less than 2 years of age who were considered at risk
because of underlying health disorders or living conditions (chil-
dren in day care with at least 2 other children for more than 4 hours
per week, children in families with more than 2 children, and
children breast-fed for less than 2 months).® In 2006, vaccination
was extended to all children less than 2 years of age.!’

Eight years ago the Pediatric Infectious Diseases Group of
the French Pediatrics Society set up an active surveillance network
to monitor the clinical and biologic features of bacterial meningi-
tis.! Here we analyze the impact of PCV7 on pneumococcal
meningitis in France, based on data from this nationwide survey.

METHODS

From January 2001 to December 2008, 252 pediatric wards
{68% of citics with a pediatric ward in France) working with 168
microbiology departments throughout France were asked to report
all cases of bacterial meningitis. Three times a year, a clinical
investigator in each participating ward was contacted for informa-
tion on new cases, of to confirm the lack of such cases. After
patient discharge, a standardized data form was completed by a
designated clinical investigator and sent to the nvestigating center.
The following diagnostic criteria were used for S, prenmoniae
meningitis in children aged from [ day to 15 years: elinical signs
associated with positive cerebrospinal fluid (CSF) culture and/or
positive CSF antigen testing, and/or positive CSF polymerase
chain reaction (PCR), and/or culture positivity of a normally sterile
body site associated with CSF pleiocytosis.

The following data were collected: CSF analysis, blood
culture, date of birth, gender, vaccine status, underlying conditions
(eg, congenital or acquired meningeal breach, valve, recurrent
meningitis, cochlear implant, asplenia or sickle cell disease or
splenectomy, immunodeficiency, trisomy, malignancies, HIV/
AIDS, cardiopathy), previous antibiotic treatment, clinical signs,
treatment of the current episode, and mortality.

S. preumoniae was identified by standard methods in the
microbiology laboratory of each hospital. Isolates were serotyped
at the National Pneumococcal Reference Center by means of the
capsular swelling method with commercial antisera (Statens Seru-
minstitut, Copenhagen, Denmark). During the study period, no
attempt was made to distinguish betwecn serotypes 6A and 6C,
which were reported as type 6A/6C."* Penicillin G and cefotaxime
or ceftriaxone MICs were determined by the agar dilution method
as previously described,® and isolates were classified as suscepti-
ble, intermediate, or fully resistant according to the Clinical and
Laboratory Standards Institute breakpoints.'*

The exhaustiveness of the surveillance system was evalu-
ated by capture—recapture analysis of the 3 French national pneu-
mococcal meningitis surveillance systems, and was estimated to be
61% (95% CI: 60%—866%) in 2001-2002,'4

Quantitative data were analyzed with the Mann-Whitney U/ test
and categorical data with the y? test or Fisher exact test. The tests
were 2-sided, the level of significance being set at P < 0.05. Statview
I (Abacus Concepts) and Stata SE 9.1 softwarc was used.

RESULTS

During the 8-year study period, 951 cases of pneumococ-
cal meningitis were reported among 3312 children diagnosed
with bacterial meningitis. Among the 951 pneumoeoccal men-
ingitis, CSF Gram staining and culture were positive in 808/890
(90.8%) and 887/951 (93.3%) cases, respectively, and soluble
antigen testing and CSF PCR were positive in 391 and 48
patients, respectively. Blood culture was positive in 75.4% of
cases. When CSF culture was negative, microbiologic diagnosis
was based on at least one of the following methods: CSF PCR
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TABLE 1. Characteristics of Pneumocoecal Meningitis and Age Distribution From 2001 to 2008
Year
N (%) P
2001 2002 2003 2004 2005 2006 2007 2008
No. pediatric wards
Reporting bacterial meningitis 153 136 162 150 144 185 152 152
Declaring no cases 71 69 0 95 91 90 90 94
Nonresponder wards 24 43 16 3 10 8 3 3
No. pneumaococcal meningitis 126 138 111 122 115 94 122 122
Age (yr) median 0.8 0.9 09 0.9 1 14 1 15
Mean = 8D 2.3 +33 29+4 26+35 19+25 30+37 32+4 30+38 38:43 0.004%
<2 yr, n = 607 (63.8) 89 (70.6) 96 (69.6) 75 (67.6) 86 (70.5) 69 (59.5) 58 (61.7) 71 (58.2) 63 (51.6) 0.0004"
=2 yr, n = 344 (36.2) 37(29.4) 42(304) 36(32.4) 36(29.5) 47(40.5  36(38.3) 51{418) 59{48.4)
Underlying conditions
<2yr,n = 39 (6.4 0 10:(10.4) 7(8.3) 6(7.0) 4 (5.8} 2(3.4) 5{7.00 5{7.9) 0.1*
=2 yr, n = 87 {25.8) 12 (32.4) 10 (23.8) 8(22.2) 10(27.8) 10(21.3) 7(18.4) 12 (23.5) 18 (30.5) 0.9*
Case fatality rate 111 13.0 73 10 11.2 11.0 16,5 10.8 0.6*

*Year-by-year comparison, 2001 to 2008 (ANOVA for mean age comparison).
*¥* for the comparison between 2001-2002 versus 20072008,
ANOVA indicates analysis of variance,

(2.2%), CSF capsular antigen detection {3.2%), CSF pleiocyto-
sts associated with blood culture (0.9%), CSF Gram staining
positive (0.3%]}, or culture from a normally sterile site (0.1%).

Table 1 shows the number and main characteristics of the cases
according to the study period. The nurnber of cases did not decline
significantly between prevaecine period 20012002 (n = 264, 30.8%
of all cases of bacterial meningitis) and postvaceine period 2007-
2008 (n = 244, 30.2%). However, according to age, a significant
difference (P = 0.0004) was observed between these 2 periods: the
nurnber of cases declined among children <2 vears (185 [70.1%] vs.
134 [54.9%) cases) and increased among children =2 years (79
[29.9%] vs. 110 [45.1%)] cases). Thus, between 2001 and 2008, the
mean age of onset increased significantly (2.3 [median 0.8] vs. 3.8
[median 1.5] years; P = 0.004). Table, Supplemental Digital Content
1, hitp://links. lww.com/INF/AS587, summarizes the serotype distribu-
tion according to age in the pre- and post-vaccine periods, In the
overall population, cases caused by vaceine serotypes (VT) fell from
65.7% in the prevaceine period to 17.7% in the postvaceine period (P
< 0.001), while cases due to nonvaceine serotypes (NVT) rose from
34.3% to 82.3%. This increase mainly involved serotype 19A in
children less than 2 years old (8.1%~26.9%) and serotype 7F in older
children (1.9%—10%). Before PCV7 implementation, the potential
coverage of PCV7, PCV10, and PCVI3 were 65.7%, 69.7%, and
86.7%, respectively, compared with 17.7%, 34.3%, and 60.6% after
PCV7 implementation.

Among all the strains isolated, 57.3% were penicillin-
susceptible, 37.5% were penicillin-intermediate, and 5.2% were
fully penieillin-resistant; 90.3% were cefotaxime/eeftriaxone-sus-
ceptible (MIC =0.5 pg/mL), and only 1% were cefotaxime/
ceftriaxone-resistant (MIC =2 ug/mL). The proportion of penicil-
lin-resistant strains decreased between prevaccine period and
postvaccine périod (8.6% and 3.6%), while the proportion of
penicillin-susceptible inereased from 43.7% to 65.3% (P <
0.0001). Scrotype 19A showed a distinet pattern: 12% of isolates
were penicillin-suseeptible, 81% penicillin-intermediate, 7% fully
penicillin-resistant, 77.5% cefotaxime/ceftriaxone-susceptible, and
1.4% cefotaxime/ceftriaxone-resistant.

Underlying eonditions at risk for pneumococcal meningitis
were less frequent in ehildren less than 2 years of age than in older
children (6.4% vs. 25.3%; P << 0.001). In this latter population, the
proportion of children with underlying conditions did not vary
aceording to the serotype.

A total of 226 cases of pneumococcal meningitis occurred in
children who had received at least 1 dose of PCV7 (mean, 2.5 = 0.9
doses and median 3 doses) 5 cases in 2003, 20 in 2004, 27 in 2005,
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43 in 2006, 61 in 2007, and 70 in 2008. Serotypes were available in
201 cases of the 226 PCV7 vaccinated children: 94 children were
infected by nonvaceine serotypes, 45 by serotype 19A, 21 by serotype
7F, 8 by serotype 6A, 7 by serotype 1, 4 by serotype 3, and 22 by
vaceine serotypes.

DISCUSSION

Despite a high PCV7 vaecination coverage (86% in 2008 for
children less than 1-year-old),'® the incidence of pneumococcal men-
ingitis among French children =15 years of age did not decline
significantly between 2001-2002 and 2007-2008. The French na-
tional center for disease control (Institut National de Veille Sanitaire)
has reported similar data: the overall incidence of pneumocoecal
meningitis in children =15 years fell slightly, from 1.45/100,000 in
20012002 to 1.19/100,000 in 2007-2008 (P = 0.03). A marked
reduction was observed among children younger than 2 years (8.03/
100,000-5.41/100,000;, P = 0.0006), accompanied by a slight but
nonsignificant increase in older children (0.48/100,000-0.56/
100,000; P = 0.3) (Institut National de Veille Sanitaire, Unpublished
data, 2010). Prior to PCV7 implementation, in the United States, Hsu
et al reported a similar incidence of pneumococcal meningitis in
children younger than 2 years (10.16/100,000).7 Later, with a high
PCV7 vaecine coverage rate, and despite strain replacement, they
obsetved a marked decline in pneumnocoecal meningitis among chil-
dren younger than 2 years {—64%) and no significant change in older
children.” Despite national differences in pneumococcal meningitis
surveillance systems, as well as in the proportion of PCV7 serotypes
before vaeeine introduction, antibiotic use, and antibiotic pressure, our
results are similar to those reported in other European countries. In
Spain, where vaceination coverage is less than 50%, the incidence of
pneurnococcal meningitis is reported to have remained stable in
children <2 years'® or to have fallen slightly.'® More recent data from
England show no marked decrease in [PD,'” and no decline has been
observed in Germany among children aged at least 2 years."® How-
ever, a similar decrease in VT occurred in al] these countries.!™'®

Two factors could explain the absence of significant decline
of pneumococcal meningitis observed in France: replacement and
a shift towards higher age at onset.

The main characteristics of the serotype replacement that
we observed are, on the one hand, an increase in 19A and 7F, and
on other hand a wider diversity of serotypes isolated after PCV7
implementation (25 different serotypes before and 37 after). NVT
prevalence before PCV7T implementation is probably a major factor in
determining the importance in replacement: NVT was responsible for
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a higher proportion of pneumococcal meningitis in France (33%) than
in the United States (23%).>'**® The relatively low vaecination
uptake, together with the lack of a catch-up program, could have
accelerated serotype replacement.®® The increase in the proportion of
children with underlying conditions predisposing them to pneumo-
coceal meningitis does not appear to explain our results (32.4% of
children =2 years in 2001 vs. 30.5% in 2008; P = 0.9). Furthermore,
the proportion of children with underlying conditions did not vary
according to the serotype. Likewise, our results do not appear to be
explained by changes in clinical practice afier PCV7 introduction, as
the indications for lumbar puneture did not change during the 8-year
study period. However, a more thorough case reporting cannot be
ruled out. Moreover, our findings may have been influenced by
natural fluctuations (secular trends) in the incidence of pneumococeal
meningitis and in the serotype distribution.

Qur findings underline the complexity of pneumoceecal ecol-
ogy, with a noteworthy shift in the serotype distribution and in age of
onset. They suggest that PCV 13 eould theoretically prevent 60% of
cases of pneumnococeal meningitis in France. Long-term surveillance
of both TPD and earriage is crucial after PCV13 introductien,
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INCIDENCE OF INFLUENZA VIRUS INFECTION
IN EARLY INFANCY

A PROSPECTIVE STUDY IN SOUTH ASIA
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Abstract: We evaluated infant sera from an immunization trial in Bang-
ladesh to assess influenza hemagglutination inhibition antibody titer in-
creases in 131 unimmunized infants from birth to 6 months. We detected
31 serologically defined infections. Combined with 10 additional rapid
test-proven influenza cases, the minimal estimated incidence was 31 of 100
infants (95% CI: 24 -41). These data suggest a high burden of influenza in
young infants in tropical South Asia.
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influenza in Asian Infants

Young infants 0 to 6 months of age have high rates of hospitaliza-
tion from influenza and its sequelae, as reported in high income
regions.! The cumulative ineidence of influenza virus infection in 0 to
6 month old infants in the United States has been estimated as 12%.”
Historically, influenza has not been considered a frequent or serious
illness of infants in the tropics. However, there is limited information
on infection rates in infants in tropical regions, where influenza has a
petennial pattem with year-round circulation of multiple subtypes and
seasonal peaks in incidence.” Recent clinie surveillance in Bangladesh
reported that 10% of pneumonias in children <5 years of age are
associated with influenza infection, but provided no information
specific to young infants.* Trivalent mfluenza vaccine is recom-
mended in some high income regions for infants =6 months of age,
but is not licensed for those <6 months.?

The Mother's Gift study was a randomized matemal vae-
cine trial conducted in Dhaka, Bangladesh in 2004 and 2005,
Matemal immunization with influenza vaceine reduced rapid test
confirmed influenza infection by 63% and all febrile respiratory
illness by 29% in infants 0 to 6 months of age.® We analyzed
prospectively colleeted infant sera in the Mother's Gift trial to
estimate the incidence of serologically defined influenza virus
infection in early infancy in Bangladesh.

MATERIALS AND METHODS

A full description of the Mother’s Gift trial has been
published,® with a summary provided here. Threc hundred forty
pregnant women in Dhaka were randomized to receive polysae-
charide pneumoceeeal vaccine (Preumovax) or trivalent inacti-
vated influenza vaccine (Fluarix). The influenza vaccine containcd
the World Health Organization {WHQ) southern hemisphere ree-
ommendation for 2004; A/Fujian/411/2002-like (H3N2), A/New
Caledonia/20/99-like (HINI), and B/Hong Kong/330/2001-like

antibody ratio = 1
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strains.® Of the 316 infants followed to 6 months of age in the
trial,® we report serologic values from the 157 infants of mothers
who reeeived pneumococcal vaccine. None of the mothers and
infants included in this analysis reecived influenza vaccine.

From August 2004 through October 2003, cohorts of study
mothers and their infants were followed from birth to 6 months by
weekly home visit or telephone interview to record symptoms of
febrile respiratory illness. Influenza A/B virologic testing in symp-
tomatic infants was performed using a rapid detection test (RDT;
Zstat, ZymeTx, Oklahoma City, OK)}. Influenza antibodies against
the 3 vaecine strains were assayed using a standard hemaggluti-
nation inhibition (HAI} assay’ on infant sera collected at birth
(cord), 10 weeks, and approximately 22 weeks of age.

We ealculated the half-life of passively transferred HAI
antibody, assuming exponential decay, among the infants from the
full cohort with deereasing antibody values, We used the average
caleulated half-life of HAI antibody to estimate the expected
antibody concentration at 10-week intervals. We defined serologic
infection as a 4-fold increase in the observed titer compared with
the expected declining titer, expressed as a later/earlier antibody
ratio of =1 for sera obtained at least 10 weeks apart (Fig. 1). To
account for the knmown varjation in the HAI assay, we also
specified that if the earlier titer was =1:10, the later titer should be
=1:20. Ineidence was calculated using Poisson regression with
robust eonfidenee intervals. The estimates are expressed as cumu-
lative incidence per 100 infants and infections per 100 infant-
months of observation.

The project protocol was approved by the Institutional
Review Boards of International Centre for Diarrheal Disease
Research, Bangladesh and the Bloomberg School of Public Health,
Johns Hopkins University, and all mothers provided written in-
formed consent.
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FIGURE 1. Schematic of infant antibody dynamics, with and without influenza virus infection, showing that a 4-fold rise of
antibody titer in infants over a 10-week period is equivalent to an observed antibody ratio of approximately 1.
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RESULTS

The HAT data were available from 92% of 157 study infants.
There was no difference in baseline demographic or birth charac-
teristics comparing infants with and without samptes available for
analysis.

The estimated half-life of HAI antibody ranged from 33 to
45 days for the 3 virus subtypes in the 2 infant age groups. The
overall weighted average half-life was 38 days, weighted by the
number of sera tested for each influenza antigen. Thus, it would
take about 76 days or 10.5 weeks for antibody titers to decline 2
half lives (a decline to 25% of the initiat value). An antibody ratio
of =1 during a 10 week interval is approximately equivalent to a
=z4-fold increase over the expected declining titer.

For the semlogically defined incidence analysis, we ex-
cluded 14 (9.7%) infants because the planned study 22-week
samples were cotlected at =28 weeks of age. Among the evaluated
131 infants, 29 experienced 31 serologically defined influenza
virus infections with vaceine subtypes (23.7/100 infants, 95% CI:
17.0-30.0), of which 6 (4.6/100 infants) had an absolute 4-fold
increase (Table 1). Significantly more infections occurred after 10
weeks than before; 25 versus 6, respectively (P < 0.001). Two
infants had 2 infections each with different subtypes, all between
10 and 22 weeks. The serologically defined incidence of influenza
was 4.2 infections per 100 infant-months (95% CI: 3.0--5.9).
Serologically defined infections were primarily A/Fujian (29 in-
fections, 93%), with one cach of A/New Caledonia and B/Hong
Kong subtypes.

Our original report described 16 RDT cases (10.2%) in
the 157 infants.® Among the 131 included in this report, 15
(11.5%) had a positive RDT. Of these, 5 (33%) had concurrent

TABLE 1. Number and Ineidence of Serologically
Defined and Antigen Test-proven Influenza Virus
Infections in Infants 0 to 6 Months of Age, Dhaka,
Bangladesh, 2004 -2005

n = 131 Infants

735.3 Infant- 95% CI
Months
Number of infections

Serologically defined infections 6
(birth-10 wk)

Seralogically defined infoctions 257F
(10-28 wl)

Total serologically defined 3
infections

Additienal rapid detection 10 (+5%
test-proven

Overall infections 41

Incidence of infections

Serologicalty defined 23.7 17.0-33.0
cumulative incidence/
100 infants

Serologically defined incidence 4.2 3.0-5.9
rate/100 infant-months

Overall cumulative incidence/ 31.2 236414
100 infants

Overall incidence rate/100 5.6 4.2-74

infant-months

Data are numbera except cumulative incidence is per 100 infants and incidence rate
is per 100 infont-months.

*Excludes 1 infant with continued evidence of inlection with the same influenza
virus subtype, counted during birth-10 weeks.

P < 5.001 using x? test to compare propertions of infections in each time period.

*Includes 2 infants sach with 2 infections with different strains,

HWith serologically defined infection detected concurrently or after RDT-proven
infection.
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serologically defined A/Fujian subtype infcetions that were
considered the same infection. One infant had 2 infections: a
serologically defined infection before 10 weeks of age plus an
RDT-proven infection at 22 weeks of age. Adding the 10
distinct RDT-proven infections resulted in a total of 41 influ-
enza infections and a cumulative ineidence of 31.3 of 100 0 to
6 month old infants (95% CI: 23.6-41.4). The overall incidence
rate of infection in 0 to 6 month old infants was 5.6 of 100
infant-months (95% CI. 4.2-7.4) (Table 1),

We explored the relationships between serologically defined
influenza virus infection, RDT-proven influenza, and reported
respiratory illness with fever.® Of 12 infants with RDT-proven
influenza by 22 weeks, 4 (25%) had serologic evidence of infec-
tion. Including data up to 22 weeks, 75.9% of 29 infants with
serologically defined influenza virus infection reported any respi-
ratory illness with fever compared with 52.0% of 102 with no
serologically defined infection (P = 0.02).

DISCUSSION

We are not aware of a published, prospective serologic
study of influenza incidence rates in young infants in Asia. Our
unique prospeetive serologic and RDT data show a substantial
burden of influenza in this region in young infants. We found that
31 of 100 (95% CI: 23.6-41.4) infants at 0 to 6 months were
infected over a I5-month calendar period. Three infants (2.3%)
each had 2 separate influenza virus infections detected before 6
months of age.

By comparison, in the United States, Glezen et al found an
average annual influenza incidence of 12.4 of 100 infants aged O to
6 months, using culture and serology in Houston from 1975 to
1985.% Since they only assessed antibodies to the 2 predominant
influenza virus strains each year, this is likely an underestimate.
Infection in the Texas study was often asymptomatic, simitar to
our study. Both observations suggest that studies relying on symp-
toms or clinic visits of young infants as indicators for influenza
testing will miss a significant proportion of infections in these
infants. Qur data in young infants suggests that prospective serol-
ogy more than doubles the number of influenza virus infections
comparcd with elinie surveillance of febrile illness (Table 1).6

A similar serologically defined infection methodology was
used to assess HINI influenza virus infection by Reuman et al in
a natural history study of 18 US infants foltowed until age 3 to 6
months during the 19781979 season.® A 4-fold rise over expected
titer was seen in 28% of 18 infants of nonimmune mothers, similar
to our serologically defined incidence of 24%. The 33 to 45 day
half-life of matemally acquired infant antibodies we observed was
similar to a US maternal immunization study reporting infant
influenza antibody half-lives of 40 to 50 days, using a non-HAI
ELISA assay.”

One of the strengths of this serologie analysis was the
careful follow-up and sampling of nearly all infants in the study
cohort, whieh allowed detection of a substantial number of asymp-
tomatic influenza virus infections. However, the 10+ week inter-
val between sera tested for HAI antibody results made it challeng-
ing to associate serologically defined infection with the weekly
repotted symptoms and illness. These serologie data are a minimal
estimate for several reasons. We only tested for antibodies to the
3 influenza vaccine subtypes and did not assess infection with
other influenza subtypes.* Further, some infants with higher ma-
ternal antibody concentration may have had an attenuated antibody
response to infection. Finally, the RDT test that we used has low
sensitivity,® suggesting that at least 30% of true cases were missed.
Both these factors indicate these data are a minimal estimate of the
true rate of infection. The discrepancy between RDT and serolog-
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ically detected influenza cascs likely represents infections with
influenza subtypes not included in the HAI serologic testing panel.

Young infants are a high-risk group for influenza infection,
illnesses, and sequelac which can lead to substantial parent/earetaker
absentesism."® We observed a minimal influenza virus infection rate
of 31 of 100 (95% CI: 23.6—41.4), which suggests a sizeable burden
of influenza illness in this tropical setting. These data arc part of a
growing body of literature that suggests influenza illness in infants
and children may also be a neglected tropical disease.*

Infants in tropical and subtropical regions comprise more
than 60% of the 136 million annual global births,'® and many are
exposed to influenza virus infection year-round.>* Additional
studies of the incidenee of influenza in young infants in Asian and
other tropical regions should be carried out to better define the
burden of preventable influenza illness in this vulnerable group.
Matemal antenatal immunization with influenza vaccine is a
proven and implementable strategy to protect both pregnant
women and their young infants in tropical regions.®
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PANDEMIC INFLUENZA A (2009 HIN1) IN
HUMAN IMMUNODEFICIENCY VIRUS-INFECTED
CATALAN CHILDREN
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Abstract: No data are available on 2009 HINI influenza in human
immunodeficiency virus (HIV)-infeeted children. a highly suseeptible and
vulnerable population. We report 13 eases of pandemic influenza among a
cohort of HIV-infected pediatrie patients. Clinical features of HINI influ-
enza were similar to those deseribed in the general population. Most
patients received antivirals en an outpatient basis, An uneventful evolution
was observed in all patients, only 2 of whom required hospitalization.
Influenza had no effeet on the evolution of HIV infection.
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Seasonal influenza-related complications and mortality are in-
creased among human immunodeficiency virus (HIV)-infected
people.! At the beginning of the 2009 influenza A virus (HINI)
pandemic, no data on clinical interactions between HIV and HIN1
virus were available, but complications were likely to be similar to
those associated with seasonal influenza. Therefore, HIV-infected
persons were considered as a high-risk group and a priority
population for preventive and therapeutic strategies against emerg-
ing HINI influenza infection.2 A recently presented large series
suggests that pandemic influenza is not more severe among HIV-
infected adult patients when compared with HIV-negative con-
trols.” Data on 2009 HINI influenza in HIV-infeeted pediatric
patients are lacking. We present our experience with HIN1 virus
infection within a large cohort of HIV-infected children and
adolescents.

MATERIALS AND METHODS

CORISPE-2 is an ongoing multicenter cohort that includes
all HIV-infected pediatric patients (<18 years) who are followed
up in the outpatient elinics of 12 hospitals in Catalonia and the
Balearic Islands {Spain). The study protoeol was approved by the
ethical committees of all partieipating institutions; informed con-
sent was required from the parents or legal guardians of the
patients at enrollment. Data were eollected every 6 months, and as
of January 2010, 176 patients had been entolled.
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In this case series, data on all patients within the cohott
consecutively diagnosed with 2009 HIN/ influcnza between Au-
gust 16 (week 33) and December 13, 2009, (week 50) were
presented. The first pandemic wave in Spain occurred between
weeks 38 and 49, In our geographic area, the incidence of 2009
HINI influenza among children aged 5 to 14 ycars reached its
peak between weeks 43 and 46 (1200 infections per 100,000
inhabitants).* HINI infection was confirmed by means of real-
time reverse-transcription-polymerase chain reaction on nasopha-
ryngeal swab samples. As per national guidelines,” hospital ad-
mission was mandatory in patients with CD4 cell counts <350
cells/mm’; for the remaining, clinical management was individu-
alized at the discretion of the treating physician. Epidemiclogic.
clinical, and outcome characteristics of HIN| influenza paticnts
were summatized, and the main clinical and immunologic HIV-
related variables were compared with those of the rest of the
cohort, Fisher exact test and Mann-Whitney U tests were used to
compare proportions and continuous variables, respectively. Other
nonparametric tests were used as indicated. A P < 0.05 was
considered statistically significant.

RESULTS

Thirteen HIV-infected patients (5 females, median age: 11.7
years, 12 of them vertieally infected; Table, Supplemental Digital
Content 1, http://links.lww.com/TNF/A589) were diagnosed with
HINI influenza during the 2009 season within the cohort (attack
rate: 7.4%, 95% confidence interval: 0.6%—14.2%). The main
HIV-related characteristics were not different from those of the
rest of the cohort (gender, age, acquired immunodeficiency syn-
drome (A1DS) diagnosis, nadir CD4 cell count, and 2009 second
semester CD4 cell count and HIV plasma viral load; data not
shown). No patient had received the pandemic influenza vaccina-
tion, which was not available in Spain till November 16 (week 46).
Regarding HIV infection, 3 patients had previously developed
AIDS (including 2 cases of HIV.related progressive encephalop-
athy, patients 2 and 8), and the median nadir CD4 cell count was
434 cells/mm’ (range: 442340 cellsfmm’). Patient 13 was af-
fected wilh insulin-dependent diabetes mellitus; no other comor-
biditics were observed. At the time of influenza, 12 of 13 patients
were Teceiving combined antiretroviral freatment, with optimal
virologic response in most of them (9/12; less than 50 to 100
RNA-HIV copies/mL, depending on the center) and absolute CD4
cell counts within normal ranges in 10 patients.

Median time between the onset of symptoms and first
medical attention was 2 days. All patients developed high-grade
fever for a median time of 3 days. Cough (n = [2), thincrrhea
(n = 11), headache (n = 6), and myalgia (n = 4) were the most
common complaints, together with diarrhea and vomiting (2 pa-
tients each), and odynophagia, anorexia, and conjunctival inflam-
mation (1 each).

Most patients (11/13) received a S-day course of either
oseltamivir or zanamivir, which were initiated empirically and
continucd on microbiologic confirmation. Antivirals were not
prescribed to patients 9 and 11 because fcver had eased by the time
they were first seen. Eleven patients wcre managed on an oufpa-
tient basis. Patient 13 was admitted as a precaution becawse of her
risk factors (moderate immunosuppression and diabetes) and was
discharged 3 days later without incidents. Patient 5 was admitted
because of severe immunosuppression and diagnosis of pulmonary
bacterial coinfection without hypoxemia; he received both antivi-
rals and a 7-day course of sequential treatment with intravenous
cefotaxime and oral levofloxacin, and was discharged without
incident on day 4. Patient 4 also received a 10-day course of oral
amoxicillin-clavulanate because of a diagnosis of retrocardiac
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pneumonia. The 2 cases with presumed bacterial pneumonia were
not microbiologically confirmed. All patients recovered unevent-
fully within a median time of 7 days after onset of symptoms.

Previous AIDS diagnosis (P = 0.58), comorbidities (£ =
0.58), and nadir (P = 0.39) and current (P = 0.31) CD4 cell count
were not associated with a more severe evolution of 2009 HINI
influenza (patients requiring hospitalization or antibiotics}. Similarly,
HINI infection had no effect on CD4 cell count (median values; 730
cells/mm? before influenza A vs. 838 cellsmm’ in the following
control after 6.4 weeks, median time; 2 = 0.31) or HIV viral load (1.7
vs. 1.9 log RNA-HIV copies/mL; P = 0.12) evohution,

DISCUSSION

Pandemic influenza A (HIN1}) virus emerged in Mexico in
Mareh 2009 and caused extensive disease worldwide, espeeially in
children and young adults.®” HIV-infected pediatric patients rep-
resent a highly susceptible and vulnerable population for whom the
investigation of pandemic influenza is mandatory. Although most
pediatric illnesses are acute and self-limited, the pandemic led to
an increased burden of care and associated higher hospitalization,
morbidity and mortality rates than seasonal influenza in previous
years.® ! Among pediatric patients, those aged <2 years and
children with one or more pre-existing conditions were at higher
risk for severe illness, hospitalization, and death.®~'®'% In the
largest case series reported to date, the majority of hospitalizations
occurred in infants affected with hypoxemia, 20% of whom re-
quired admission to an intensive care unit and mechanical venti-
lation; rates of confirmed secondary bacterial coinfection were
low.® Previous underlying conditions affected 30% to 60% of
hospitalized children in different series, with asthma and other
chronic pulmonary diseases, neurologic disorders, and heart dis-
ease being the most common.”'*' Despite previous immunosup-
pressing conditions affecting approximately 10% of patients re-
quiring admission in different adult and pediatric series,”'?
specific figures for HIV infection were not reported; in the study by
Libster et al,® HTV-infected children were less Iikely to be admitted to
an intensive care unit than patients with other comorbidities.

In our seties, the presenting features of 2009 HINI influ-
enza were similar to those described in the gencral pediatric
population®'® An influenza-like illness was present in all cases
(fever, cough, and/or rhinorrhea), and gastrointestinal symptoms
affected one-third of the patients. Likewise, bacterial coinfection
was suspected in only 2 patients but was not confirmed. Notably,
3 children presented other comorbidities, and CD4 cell counts
were within the ranges of moderate or severe immunosuppression
in 3 patients at presentation. These findings were not associated
with a worse outcome. in contrast with a reeent series of HINI
influenza in 10 children with acute lymphoblastic leukemia, in whom
intensity of immunosuppression correlated with disease severity.'® As
recommended,? antivirals were prescribed in most cases, and in 7 of
11 children within 48 hours of onset. No relevant adverse effects were
noted. Whethet early antiviral therapy decreased the severity of the
disease or led to a prompt clearance of the 2009 HINI virus from the
upper respiratory tract remains unknown. Two patients overcame
influenza A without the need for antivirals. As in the adult HIV-
infected population,® HIN! infection did not seem to have a major
impact on HIV infection control in our series, considering the evolu-
tion, of CD4 cell counts and HIV viremia.

In our series, the attack rate of influenza A among HIV-
infected children was 7.4%, lower than the 22% reported by
Antonietta et al (11/49 HIV-infected pediatric patients in Campa-
nia, Italy).'* This is surprising considering the high attack rate of
H1N1 infection in adults (approximately 15%) and in the pediatric
age (up to 20%)"° and the better asecrtainment of influenza A in
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the HEV-infccted population, and may be partially explained by a
potential under diagnosis bias in patients with mild disease. Small
sample size, lack of standardization in clinical evaluation, and
absence of a control group are other obvious limitations of our
obscrvational study. However, our results are consistent with those
of studies involving adult HIV-infected populations and suggest
that HIV infection may not represent a major risk factor for severe
influenza A (HIN1) infection in the pediatric age. Nevertheless,
until larger studics arc available, HYV-infected children should stil?
be considered to be at high risk and promotion of HIN1 vaccina-
tion, early case recognition and empiric therapy are recommended.

APPENDIX

CORISPE-2 Cohort consists of HI V-infected pediatric patients
recruited by Hospital Sant Joan de Déu; Cludia Fortuny, Antoni
Noguera-Julian, Rosa Pino, Carmen Mufioz-Almagro; Hospital Ma-
terno-Infanti} Vaff d’Hebron: Maria Concepeié Figueras, Andrea
Martin, Pere Soler-Palacin, Marfa Espiau; Hospital del Mar: Antonio
Mur, Niria Lopez; Hospital Germans Trias 1 Pujol: Maria Méndez,
Carlos Rodrige; Hospital Amau de Vilanova: Teresa Vallmanya;
Hospital General de Granellers: Maria Teresa Coll; Hospital de
Matard: Lourdes Garcia; Corporacié Sanitiria Parc Tauli:
Valenti Pineda; Hospital Joan XXIII: Antoni Seriano; Hospital
Sant Joan de Reus: Jeaquim Escribano; Hospital Sant Joan de
Déu de Manresa: Niria Rovira; Hospital Son Dureta: Joaquin
Duefias; Hospital Clinic-IDIBAPS, University of Barcelona,
Tfiaki Pérez,
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SEVERE OCULAR REACTIONS AFTER NEONATAL
OCULAR PROPHYLAXIS WITH GENTAMICIN
OPHTHALMIC OINTMENT
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Abstract: In this study, we report 4 infants who developed severe ocular
reactions after neonatal ocular prophylaxis witth gentamicin ophthalmic
ointment during a period of erythromycin ophthalmic ointment shortage, in
light of this experience, gentamicin ophthalmic ointment should not be
used as an alternative for neonatal ocular prophylaxis.
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phthalmia neonatorum ts defined as conjunctivitis that occurs

within the first 28 days of life. Gonococcal conjunctivitis in
the newborn can be prevented by instilling a prophylactic agent
into the eyes just after delivery; neonatal ocular prophylaxis is
mandated by state law in most of the United States. Three agents
have established efficacy and safety for this purpose; 0.5% eryth-
romycin ointment, 1% tetracycline, and 1% stlver nitrate solutton,
The only preparation for ocular prophylaxis that is currently
available for use in the United States is 0.5% erythromycin
ointment,

In August 2009, the Centers for Disease Control and Pre-
vention (CDC) informed physicians of a shortage of 0.5% eryth-
romycin ointment because of a change in manufacturers. A set of
interim guidelines was provided but the alternative agents listed,
including azithromycin and gentamicin ophthalmic preparations,
are not FDA-approved for this indication, and there are no clinical
data on efficacy for neonatal ocular prophylaxis.! Azithromycin is
only available as an ophthalmic solution and must be given as
drops; it is also more expensive than other ophthalmic antibiotics.
In October 2009, the CDC released a report of lid swelling and
dermatitis associated with the use of 0.3% gentamicin ointment.'

In this article, we report 4 infants at our institution whe
developed ocular reactions after neonatal ocular prophylaxis with
gentamicin ophthalmic ointment,

CASE REPORT
A baby bey was born to a 22-year-old mother at 40 weeks

gestation via normal spontaneous vaginal delivery. The mother had
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received routine prenatal care and her pregnancy was uneventful.
Maternal screening for Chlamydia frachomatis and Neisseria gon-
orrhoeae performed 4 weeks before delivery were negative. On the
second day of life, the baby was noted to have bilateral eopious
green eye discharge with severe eyelid erythema and swelling. A
small blister was also found under the right eye. The patient was
feeding well, had a strong cry, and remained afebrile. A presump-
tive diagnosis of preseptal cellulitis was made; a full sepsis
work-up was done and antibiotics were started. Gram stain of
ocular discharge and cultures for N. gonorrhoese and herpes
simplex virus were negative. Blood and CSF cultures were also
negative. A review of labor and delivery management revealed that
the baby had received gentamicin (0.3%) ophthalmic ointment in
place of erythromycin (0.5%) ophthalmic ointment for ocular
prophylaxis. Antibiotics were stopped on the fourth day of life and
symptoms completely resolved by the seventh day of life.

During the next 3 weeks, 3 more infants who had received
gentamicin (0.3%}) ophthalmic ointment developed less severe but
similar findings of eye discharge, blistering, eyelid erythema, and
swelling within 48 hours of delivery. These infants were managed
without an infectious work-up and no systemic antibiotics were
given. All infants went home without complication.

Further investigation revealed that gentamicin ophthalmic
ointment was being provided to the delivery room for neonatal
ocular prophylaxis between October 1, 2009 and December 21,
2009. A total of 662 infants received ocular prophylaxis with
gentamicin during this period. The incidence of ocular reaction at
our institution was 0.6 per 100 newboms.

DISCUSSION

Prophylaxis for ophthalmia neonatorum is a commeon prac-
tice that dates back to the late 1800s.” Neonatal ocular prophylaxis
will prevent gonococcal ophthalmia; however, it is not effective
for the prevention of chlamydial ophthaimia.® The frequency of
gonococcal ophthalmia is largely related to the prevalence of
maternal genital infection with N. gonorrhoeae. Routine screening
and treatment of pregnant women for gonorrhea probably has more
of an effect on prevention of gonococcal ophthalmia in the United
States today. We identified 2 other reports in the literature of
similar reactions to gentamicin ophthalmic ointment in neo-
nates.®* In 1991, 71 infants born at an Israeli hospital received
ocular prophylaxis with gentamicin sulfate ophthalmie ointment
because of a temporary shortage of tetracyeline ophthalmic oint-
ment.* Five (7%) of these infants developed ocular reactions
similar to those observed in our infants, which resolved within 2 to
3 weeks of onset. Two hospitals in Philadelphia recently reported
a series of 26 newborns (rate 5.6/100 newborns) with periocular
ulcerative dermatitis after changing to gentamicin cintment in
October 2009 during the erythromycin shortage.” In light of these
reports and our experience, gentamicin ophthalmic ointment
should not be used as altemative for neonatal ocular prophylaxis.

The mechanism of the reaction to gentamicin is unclear. Tt
may be due to the vaso-occlusive effects of gentamicin on the thin
skin of the newborn eyelid.® Seme also postulate that the reaction
may be due to an irritant contact dermatitis, either from the
gentamicin, or a preservative, such as paraben, used to make the
preparation, or a combination of both.* The other reports also
noted a relationship between the amount of cintment left on the
skin and the severity of the reaction; the rash was milder if excess
ointment was wiped away after application, '

Erythromycin (0.5%) ophthalmic ointment is currently the
only available preparation for neonatal ocular prophylaxis in the
United States. Using other available antibiotic ophihalmic prepa-
rations has the risk of adverse evenis as these agents have not been
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well studied for this use in this age group. These cases serve as a
reminder to clinicians to consider drug reaction in the differential
when using an agent that is not part of standard practice. Because
this reaction is not a common finding, one infant was subjected to
unnecessary invasive procedures such as a lumbar puncture. The
upeoming 2010 CDC Sexually Transmitted Diseases Treatment
Guidelines recommend that if erythromycin ophthalmic ointment
is not available, infants deemed to be at risk for exposure to M.
gonorrhoeae, that is, the mother has untreated gonorrhea or a
history of inadequately gonorrhea during pregnancy, the infant
should be treated for presumptive infection as currently recom-
mended, with either ceftriaxone (25-50 mg/kg, intravenously or
intramuscularly, not to exceed 125 mg, in a single dose) or
cefotaxime (100 mg/kg, intravenously or inframuscularly in a
single dose).®

The shortage of erythromycin ophthalmic cintment and lack
of good alternative agents are an indication for further studies in
the area of neonatal ocular prophylaxis. Both gentamicin and
azithromycin are active in vitro against N, gonorrhoeae, but there
are few studies to support their effectiveness for treatment of
gonococcal infections in the clinical setting.”® This may be the
time to re-examine the issue to be better preparad, should another
shortage occur in the future.
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SEVERE GENITAL ULCERATION IN AN ACUTE
EPSTEIN-BARR VIRUS INFECTION
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Simon R Dobson, MD, FRCPC, ¥ David W, Scheifele, MD, FRCPC,f
S. Rod Rassekh, MD, FRCPC,}

and James J. Murphy, MD, FRCSC§

Abstract: Genital uiceration is a rare manifestation of infectious monenu-
¢leosis caused by Epstein-Barr virus (EBV). We report a gir] with severe
genital ulceration and tissue nectosis during primary EBV infection that
required surgical debridement. The excised genital tissue was EBV poly-
merase chain reaction-positive whereas in situ hybridization was negative.
This suggests that the ulceration was likcly because of the inflammatory
response to the virus and not because of the intense viral infection of the
genitalia.
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pstein-Barr virus (EBV) is a widely distributed herpes virus. Tt

is transmitted by intimate contaet with body seeretions, mainly
saliva. EBV infectious mononucleosis (EBV-IM)} is primarily a
disease of children, adolescents, and young adults. The establish-
ment of IM as a elinical entity is credited to Sprunt and Evans, who
in 1920 described 6 cases of fever, lymphadenopathy, and pros-
tration occurring in previously healthy young adults.’ Patients with
IM usually present with fever, pharyngitis, and lymphadenopathy.
However, EBV can affeet virtually any organ system and has been
associated with a wide range of clinical presentations, Genital
ulceration is a rare manifestation of acute EBV infection, described
by Brown and Stenchever in 1977.> We report a case of severe
genital ulceration in a primary EBV infection that caused a
necrotizing soft tissue infection. The surgically debrided tissue
provided an opportunity to determine if EBV was present in the
genital lesion.

CASE REPORT

A previously healthy 14-year-old girl presented to the emer-
gency department with a |-day history of fever, sore throat, and
generalized weakness, followed by perineal pain, itching, and
dysuria. She had her menarche 1 year earlier. There was no history
of intercourse or otogenital contact, but she admitted to having a
hand-genital contact 1 month before.

On examination, she looked uncomfortable with a temper-
ature of 40.5°C, pulse rate of 130/min, and blood pressure of
153/75 mm Hg. An exudative membrane covered the tonsils, with
no associated cervical lymphadenopathy. Examination of the gen-
italia showed bilateral ulcerated lesions with necrotic bases involv-
ing the labia minora mainly on the right side. The lesions were
surrounded by indurated erythematous area over the vulva (Fig.,
Supplemental Digital Content 1, http:/links.lww.com/INF/A582),
There was no inguinal lymphadenopathy and the rest of the
examination was unremarkable.

The white blood cell count was 2.86 % 10°/L, and lympho-
eyte count was 1,745 X 10°/1., Atypical lymphocytes were present
at 0.200 X 10°/L. A computed tomography sean of the abdomen
and pelvis showed no evidence of decp pelvic extension of the
necrotizing soft tissue infection. Being allergic to penieillin, she
was treated immediately with intravenous vancomycin (1 g intra-
venous [IV] every 8 hours), clindamycin (800 mg IV every 8
hours), and gentamiein (100 mg IV every 8 hours). She was
quickly taken to the operating room for debridement of the ne-
crotic tissue in the perineum. Gram smear of the excised tissuc
showed +1 polymorphs, 3+ Gram-positive bacilli, and oceasional
Gram-negative bacilli. On culture, growth of Lacrobucilli and
Escherichia coli were noted. Other mierobiologic cultures were
negative including a throat swab and multiple sets of blood culture.
Herpes simplex virus IgM and IgG serologies were negative. A
heterophil antibody test and EBV VCA IgM were positive whereas
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EBV VCA 1gG was nonreactive. Histopathologic examination of
the excised lesion showed acute and chronic inflammation with
Gram-positive bacilli and fibrin thrombi occluding many of the
blood vessels.

In an attempt to define the link between EBYV and the genital
lesion, an EBV polymerase ehain reaction (PCR) test was per-
formed on the serum and the genital tissue and both were positive.
EBV in serum was detected at less than 100 copies per mL by
semi-quantitative PCR, However, in situ hybridization for detect-
ing EBV in the tissue was negative.

DISCUSSION

Acute genital ulceration in adolescents, withno documented
infectious etiofogy, was first described in 1913 by Lipschutz.®
Since then, several reports were published describing the possible
infectious causes of such lesions including EBV. The majority of
reported cases associated with EBV-IM have been in young
females.*~® However, a solitary pemEe ulcer associated with IM
was reported by Lawee and Shafir in 1983.°

Genital ulceration in acute EBV-IM is a rare clinical entity
of an undefined pathogenesis. Reported attempts to 1dent1fy EBV
from these lesions were variably positive®®® or negative.®”

It was previously suggested that the genital lesion results
from direct inoeulation of the virus.® However, othet reports
suggested that nonsexual modes of transmission, such as viremia
or direct self inoculation, can produce genital uleers,” although no
testing was performed to prove that.

In the case presented here, we attempted to define the
mechanism by which the genital lesion developed. EBV PCR
testing of the serum and the excised genital tissue was done
simultaneously, and both were positive. However, the tissue could
have been falsely positive from blood present in it, and to mini-
mize that, EBV in situ hybridization was performed. It is based on
maintaining the structural integrity of the tissue while allowing the
nucleic acid of the pathogen to be released and denatured to a
single strand with the base sequence intact as described previously.'®
Nevertheless, the EBV in situ hybridization was negative, This
result is consistent with previous reports,”® suggesting that the
development of genital fesions in EBV-IM is not the result of large
amounts of virus at the site of the ulcer but is more likely to be an
immunologically driven inflammatory consequence. The bacterial
infeetion was thought to be secondary to the ulcerative process tut
may have contributed to the tissue necrosis.
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Invasive aspergillosis occurs most commonly in patients with
immunodeficiencies, primarily neutropenia or corticosteroid-in-
dueed immunosuppression.! Although up to 60% of patients with
cystic fibrosis (CF) have Aspergillus species in their airways,’
disseminated invasive aspergillosis is exceedingly rare in cases of
CF. In this article, we describe a case of an adolescent with CF,
which was well-controlled previously, colonized with Aspergilfus
Sfumigatus. The paticnt developed fatal disseminated aspergillosis
in the absence of any preexisting risk factors after a short course of
intravenous (IV) corticosteroid treatment.

CASE REPORT

The patient was a 15-year-old boy diagnosed with CF at the
age of 3 weeks after presenting with failure to thrive. He had
pancreatic msufficiency and a baseline forced expiratory volume in 1
second of 60% predicted. In the 4 years before this admission, he had
2 acute pulmonary exacerbations requiring hospitalization for IV
antibiotics. He played soccer and had no limitations on his activities.
He lived in a tural arca and at the time of hus illness, there were
extensive rengvations occurring at his high school. He had no history
of allergic bronchopulmonary aspergillosis (ABPA) or of CF-related
diabetes. Previous sputum culture tests had shown growth of Pseudo-
manas aeruginosa, Stenotrophomanas maltaphifia, and A. fumigatus
(first cuftural examination was positive in August 2000). His regular
medications included inhaled tobramycin 300 myg twice a day every other
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month, DNAse, a proton pump inhibitor, digestive enzymes, and vitamin
supplements. He had not been on any immunomodulatory agents such as
ithaled corticosteroids, high-dose ibuprofen, or azithromycin,

In January 2008, he was admilted to the local hospital with
chest pain, increasing cough, dyspnes, fever, and rust-colored sputum,
On examination, his oxygen saturation was 86% in room air, respi-
ratory raie 24 to 35 breaths per minute, and heart rate 124 beats per
minute, His weight was 55 kg. On chest auscultation, there was
decreased air entry bilaterally, but no wheezing. Complete blood
count demonstrated a white blood cell count of 13.7 X 10%L with
neutrophils of 9.4 X 10%L, hemoglobin of 158 g/L, and platelet count of
246 X 10%L. Erythrocyte sedimentation rate was 63 mmvh and total
serum [gE was 81 TU/mL. Chest radiograph revealed patchy bilateral
infiltrates and subcutaneous emphysema. The patient was admitted to the
local hospital and treated with 4 L per minute of supplemental oxygen
through nasal prongs to maintain his oxygen saturation above 93%. TV
tobramyein, ceftazidime, and levofloxaein were administered on the basis
of the results of his most recent sputum cultures.

On the second day of hospitalization, his respiratory status dete-
riorated with worsening of dyspnea, increased work of breathing, and
increased oxygen requirement to 50%. TV methylprednisolone (60 mg
every 6 hours) was started at this time and continued for 5 days after
which the dose was reduced to half (30 mg IV every 6 hours) for the
following 5 days. The patient remained in stable condition until day 8 of
hospitalization when he developed a pneumothorax for which a chest
tube was placed. TV timethoprim—sulfamethoxazole and cloxaciliin were
empirically added to his antibiotic regimen. The patient then had a further
episode of hypotension which was treated with TV fluid boluses, Am-
photericin B (60 mg IV daily) was empirically started. The following day
the patient was referred to our institution and transferred to the critical
care unit for further management.

On arrival to the critical care unit, the patient’s oxygen saturation
was 92% to 95% on 15 L/min high flow oxygen by face mask. Air entry
to the right upper lobe was markedly reduced and there were crackles
throughout the right lung on auscultation. His chest wall and shoulders
were tender on palpation. His chest radiograph revealed diffuse, bilateral
infiltrates. IV tobramycin, ceftazidime, levoffoxacin, timethoprim--sulfa-
methoxazole, and cloxacillin were continued, but the amphotericin B was
stopped, as there was no clinical evidence of invasive fungal infection. On
day 9 of hospitalization, the patient’s respiratory condition worsened with
increased work of breathing and tachypnea with a rise in his venous pCO,
to 65 mm Hg and an increased oxygen requirement of 100% by face
mask. He was producing copious amounts of reddish-brown sputum. He
was supported with noninvasive positive pressure ventilation. Blood
cultures were negative for bacterial growth. Expectorated sputum culture
from day 9 of hospitalization was positive for S maltaphilic and heavy
growth of A. fienigatus. On day 10 of hospitalization, he was intubated
because of hypoxemia and hypercarbia despite maximal noninvasive
positive pressure ventilation support. Because of his deteriorating condi-
tion, antimicrobial therapy was empirically changed to TV meropenem,
ciprofloxacin, trimethoptim-sulfarmmethoxazole, vancomycin, liposomal
amphotericin B (300 mg TV daily), and oseltamivir. Respiratory speci-
mens were negative for parainfluenza, adenovirus, respiratory syncytial
virus, human metapneumovirus, and influenza A and B viuses by
immunofiuorescence. On day 11 of hospitalization, the patient becarme
hypotensive with mean blood pressures of 55 to 65 mm Hg and had poor
peripheral perfusion. He required multiple IV fluid boluses as well as TV
albumin, dopamine, epinephrine, norepinephrine, and hydrocortisone. He
died on day 11 of hospitalization with refractory shock, hypoxemia, and
profound hypercarbia. Consent for autopsy was obtained from the pa-
tient’s parents.

Postmortem examination revealed extensive, necrotizing
pneumonia with hemorrhagic eonsolidation. Microscopic exami-
nation of the lung demonstrated fungal hyphae with intravaseular
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Aspergiflosis in Cystic Fibrosis

TABLE 1.

Cases of Invasive Aspergillosis in Cystic Fibrosis Patients

Cases ?ge Gender Sputum Culture Results Presence Risk Factors Immunologic Antifungal Time of
yr) Before Miness During Tllness of ABPA Investigations Treatment Death
1 22 F 1 culture positive Scant A. fumigatus No Smoking Normal immunoglobulins None Hospital
for Aspergillus Lymphocytopenia day 12
fumigatus t1022/uL)
25 15 M NA A, fumigatus Yes  Oral corticosteroids Norma! immunoglobulins IV amphotericin B Hospital
1V methylprednisolone Normal neutrophil count day 40
(2 mg/kg/d) HIV negative
3% 13 F Persistently N/A No Oral prednisolone N/A Oral itraconazole Hospital
positive for (50 mg/d) IV liposomal day 35
A. furnigatus Inhaled corticosteroids amphotericin B
(1.6 mg/d)
Oral azathioprine
1125 mg/d)
4* 15 M Persistently Heavy growth No IV methylprednisolone N/A IV liposomal Hospital
positive for A fumigatus (5 mg/kg/d) amphotericin B day 11
A. fumigatus

*Current case.

N/A indicates not available; 1V, intravenous; ARBPA, allergic bronchopulinonary aspergillesis,

invasion and culture tests of lung tissue were positive for A.
fumigams. There were fungal microabscesses with few neutrophils
and no fibrosis in the myoecardium, adrenal gland, kidney, spleen,
central nervous system, and pulmonary hilar nodes.

DISCUSSION

Aspergilfus species are saprophytic fungi that are present
throughout the environment, particularly in soil and decaying
organic matter.! Aspergilii commonly colonize the lungs of pa-
tients with underlying bronchiectasis, including up to 60% of those
with CF.2 ABPA is the most common Aspergilfus-associated form
of lung disease in CF. Aspergillomas may develop, and in most
cases, represent colonization, although localized invasion with
pulmonary hemorrhage can occur.” However, disseminated inva-
sive aspergillosis, in the absence of immunosuppression secondary
to lung transplantation, for example, occurs rarely in CF.

To our knowledge, therc are 3 previously reported cases of
disseminated invasive aspergillosis in CF patients (Table 1)~ In all
3 cases, the diagnosis was made late in the clinical course or post-
mortem, and consequently, they had received limited or no IV
antifimgal treatment. All 3 patients were adolescents or young adults
and had a fatal outcome. Two were previously colonized with 4.
Jfumigatus, but only one had a history of ABPA. Oral and/or inhaled
corticosteroids may have predisposed 2 of them to developing inva-
sive aspergillosis.>® In the case reported by Brown et al, the use of
azathioprine likely contributed to suppression of cellular immune
funetion.® In the third case, viral induced lymphocytopenia in a
previous smoker was identified as the only potential predisposing
factor.* Our patient was well-nourished, had no history of CF-related
diabetes, and a relatively good pulmonary funetion. The use of IV
methylprednisolonre therapy during his hospitalization was the only
identifiable factor predisposing him to invasive aspergillosis,

High doses and prolonged courses of corticosteroids have been
linked with an increased risk of and adverse outcome in invasive
aspergillosis.” However, there is no clearly defined threshold dose or
duration that can be used to jdentify patients who are at risk. On rare
occasions, even short-term (1-2 weeks) [V corticosteroid treatment, at
doses as low as the equivalent of | mg/kg/d of methylprednisolone,
has been associated with the development of invasive aspergillosis,
even in immunocompetent patients.® Similarly, our patient received a
relatively short course of IV methylprednisolone (5 mg/kg/d for 3
days followed by 2.5 mg/kg/d for another 5 days).

© 2011 Lippincott Williams & Wilkins
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Although the risk of invasive aspergillosis increases with
longer durations of corticosteroid therapy, the onsct of the immu-
nomodulatory effects of steroids can be relatively rapid. For
example, corticosteroids have been shown to cause a redistribution
of CD4™ and CD8™ T lymphoeytes from the circulation within 4
hours of IV injection of hydrocortisone.” Corticosteroids have also
been noted to inhibit lipopolysaccharide-induced cytokine produc-
tion by alveolar macrophages, the primary innate cellular defense
against inhaled Aspergillus conidia, within 2 hours of exposure.'®
Other in vitro experiments have demonstrated a >20% reduetion
in neutrophil-mediated damage to A. fumigatus hyphae within 10
minutes of exposure to low doses of dexamethasone.” By 120
minutes of dexamethasone exposure, the polymorphonuclear-me-
diated damage to Aspergilius hyphae ean be almost completely
abolished.

Our patient was previously colonized with A. firmigatus and
likely had chronic pulmonary inflammation secondary to CF.
Microscopie examination demonstrated diffuse necrotizing pneu-
monia secondary to Aspergiflus, which may have been occurring
for some time and could have contributed to the patient’s initial
pulmonary deterioration. However, the small extrapulmonary mi-
croabscesses, with minimal inflammation and no significant fibro-
sis were more suggestive of an acute process. Short-term IV
steroid therapy may have been sufficient to suppress immune
finction and allow hematogenous disseminatien to oceur.
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Abstract: Kala-azar or visceral leishmaniasis is a disseminated protozoal
infection caused by parasites of the genus Leishmania (Leishmania donovani
in India). Conventional therapy for visceral leishmaniasis continues ta be
pentavalent antimony (sodivm antimony gluconate [SAG]). Amphotericin
B is widely used for SAG-unresponsive cases and somelimes even as a
first-line drug, especially in endemic areas, With the conventional regimen
of SAG, cardiac toxicity has been reported in 8% to 17% of cases with 5%
to 7% of them having fatal toxicity. Cardiac toxicity is uncommon with
amphotericin B with only few isolated reports. We report some patients
with kala-azar in whom coadministration of SAG and amphotericin B led
to amhythmia and sudden death.
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ala-azar or visceral leishmaniasis (VL) is a disseminated pro-

tozoal infection caused by Leishmania (Leishmania donovani
in India). It is endemic in more than 60 countries globally, but
nearly all of the 500,000 new cases annually worldwide occur in 5
countries, that is, India, Nepal, Bangladesh, Brazil, and Sudan.
India shares 50% of this burden, with Bihar accounting for 90% of
these cases.! The other affected states are Jharkhand, Uttar
Pradesh, and West Bengal, with an estimated 164.5 million people
at 1isk in these endemic areas.

In recent years, use of improper dese and duration of
sodium antimony gluconate (SAG) has contributed to emergence
of drug resistance.” Resistance to conventional drugs such as SAG
for the treatment of VL. has been reported in more than 60% of
eases.”™> It is not uncommon to encounter a patient, especially
from endemic areas, with active VL, who has been previously
exposed to SAG. Amphotericin B is widely used in Bihar for all
SAG-unresponsive cases and sometimes even as a first-line drug.®’

With the conventional regimen of SAG (20 mg/kg per day
for 28 days), cardiac toxicity has been reported in 8% to 17% of
cases with 5% to 7% of them reporting fatal toxicity.* Cardiac
toxicity is uncommon with amphotericin B with only a few
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isolated reports in the literature,* ™" but significant cardiac toxicity
can occur when amphotericin B is used in patients with pre-
existing cardiopulmonary disease or eleetrolyte abnormalities.’®
We report 3 patients with kala-azar in whom coadministration of
SAG and amphotericin B lead to sudden deaths and arrhythmia.

CASE 1

A 7-year-old boy, from Bihar, presented with fever for 4
months and progressive abdominal distension. There was no his-
tory of jaundice, joint pains, rashes, breathlessness, bleeding, or
recurrent infections. On examination, he had pallor with massive
hepatosplenomegaly. The remaining examination was unremark-
able. Investigations revealed pancytopenia with hemoglobin of 8.3
g/dL, total leukocyte count of 2500/uL with neutrophils 35%,
lymphocytes 60%, and platelet count of 88,000/uL. Bone marrow
aspirate examination revealed amastigote forms of [. donovani,
confirming the diagnosis of VL. Renal and liver function tests
{RFT, LFT}, serum eleetrolytes, electrocardiogram (ECG), and
chest radiograph were normal. Treatment was initiated with injec-
tion of sodium stiboghuconate 20 mg/kg/d intramuscularly once a
day. Despite treatment, his general condition deteriorated and
investigations revealed worsening paneytopenia. In view of these
developments and the fact that he resided in North Bihar, an area
with known high prevalence of resistance to SAG, he received
amphotericin B after 6 days, and SAG was discontinued. RFTs and
serum electrolytes (sodium, potassium, and jomzed caleium} were
normal at that time. Amphotericin B was administered as a slow
intravenous infusion during 4 hours in a dose of 0.25 mg/kg on the
first day and increased to 0.5 mg/kg on the next day. After
receiving 2 doses of amphotericin B, the boy developed sudden
tachycardia and shock. An ECG recording at this time revealed
ventricular tachycardia, Defibrillation was attempted and support-
ive measures were instituted, but the child could not be revived.

CASE 2

A S-year-old male child from Bihar was diagnosed as
having VL and was treated with intramuscular SAG (20 mg/kg/d
for 28 days). He did not return to the hospital for repeat bone
marrow examination to document cure. Two weeks after complet-
ing treatment with SAG, he was readmitted with recurrence of
fever for | week. On examination, he had severe pallor with
splenohepatomegaly (spleen, 17 ecm and liver, 4 em below the
costal margins). Investigations showed pancytepenia with hemo-
globin of 4.9 g/dL, total leukocyte count of 2300/uL with 24%
neutrophils, 70% lymphocytes, and platelet count of 97,000/uL.
Bone marrow aspirate examination showed persistence of amasti-
gote form of L. donovani. His LFTs and RFTs, serum electrolytes
(sodium, potassium, and ionized calcium), and ECG during the
previous admission before starting SAG were normal.

He received packed red blood cell transfusion, and ampho-
tericin B was started as slow intravenous infusion with a dose of
.25 mg/kg/d and built up to | mgkg/d in 4 days. The child was
stable, aceepting food, and was gradually improving, when com-
pleting 4 days after starting amphotericin B, he had a sudden
cardiac arrest and died despite all aggressive measures to resusci-
tate him. The elinical deterioration was so sudden that an ECG
could not be taken at that time. The sudden nature of the events
indicates that the cause of death was a likely fatal cardiac arrhythmia.

CASE 3

A 7-year-old boy with kala-azar, presented for follow-up,
was admitted for repeat bone marrow examination to document
cure after completion of 28 days of intramuscular SAG. He was
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Kala-azar

asymptomatie at admission but had persistence of splenomegaly.
Repeat bone marrow examination showed persistence of amasti-
gote form of L. donovani. Treatment with amphotericin B was
started on day 3 of admission after RFT, LFT, and electrolytes
were confirmed to be normal. An ECG done previously before
starting SAG was normal. Amphotericin B was started with a dose
of 0.25 mg/kg/d and increased to | mg/kg/d and was administered
as slow intravenous infusion lasting 4 hours. The child was stable,
accepting food orally, and improving clinically until day 6 of
admission. On day 6, he developed sudden deterioration and was
found to be in shock. The child expired despite all supportive
measures.

DISCUSSION

We have reported 3 cases of kala-azar in which administra-
tion of amphotericin B at an interval varying from 0 to 15 days
after SAG therapy had stopped, resulted in sudden clinical deteri-
oration and death of previously stable children. The first case had
a documented ventricular tachycardia on day 2 of starting ampho-
tericin B. In the other 2 cases, the clinical deterioration was
unexpected and sudden, suggesting a fatal arrhythmia.

Conventional therapy for VL continues to be pentavalent
antimony (SAG), despite its requirement of a long course, need for
parenteral administration and increasing levels of resistance espe-
cially in some areas of Bihar. Serious life-threatening cardiotox-
icity with the use of SAG is a potential threat, Electrocardiographic
changes suggestive of cardiac toxicity include diminution i the
hetght of the T wave, inversion of the T wave, elevation of the ST
segment, prolonged QT interval, and diminution in the height of
the P, R, and T waves. Cardiac arrhythmias (supraventricular
arrhythmia [coarse atrial fibrillation], ventricular tachycardia, ven-
tricular fibrillation, torsade de pointes, and multifocal ventricular
ectopics) may also occur.® Pharmacokinetics of SAG has 2
phases—an initial rapid elimination phase (t,,, of 2 hours) and a
subsequent slow elimination phase (1,,, of 76 hours). The latter is
thought to be responsible for cardiac toxicity and can persist for 2
months after cessation of therapy.

Amphotericin B-related cardiotoxicity is reported infte-
quently in the literature "' In z single case it was due to
inadvertent overdose of amphotericin B deoxycholate.® In the
other report, patient developed transient but reproducible hypox-
emia, clevated pulmonary artery pressures, and depression of
cardiac output during infusion of liposomal amphotericin B.?

In view of the increasing resistance to conventional drugs
such as SAG in >60% cases for treatment of VL,2* it is important
that cumulative toxicity of the 2 drugs, that is, amphotericin B and
SAG be kept in mind before starting therapy for VL.

Cumulative cardiotoxicity of SAG and amphotericin B has
been reported.'' In a study by Thakur et al, 3 of 7 cases of VL with
myocardial damage secondary to SAG developed cardiac arrhyth-
mias and cardiac arrest when amphotericin B was started without
a test period. If there was a rest period of 10 days after discon-
tinuing SAG and if it was ensured that ECG changes had reverted
before amphotericin B was started, then such events were not
observed.

In another study by Jha et al,’* 34 patients with multidrug-
resistant VL were treated with amphotericin B. In that series 1
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patient died suddenly of myocarditis before the full dosage of drug
was achieved. The ECG showed tachycardia with nonspecific ST
and T-wave changes. The prior treatment details of the patient and
time interval between drugs were not mentioned. Serum potassium
and magnesium values were normal. Subsequent studies on am-
photericin B for treatment of VL, when undertaken after taking due
precautions, did not reveal any cardiac events.'*™'?

The mechanism of this cardiotoxicity with coadministration
of SAG and amphoteriein B is not clear. The use of SAG possibly
increases the susceptibility of the myocardium to damage by
amphotericin B.> ™" It is prudent to take certain precautions before
starting amphotericin B treatment in cases of VL. who have previously
received SAG. A rest period of approximately 14 days (or longer if
ECG changes persist) and correction of any existing electrolyte
abnormalities should precede treatment with amphotericin B.
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Abstract

A diagnostic test using the polymerase chain reaction is described for the detection of phytoplasma
DNA in grapevines collected from South Australia and Victoria. Grapevines with Australian
grapevine yellows disease tested positively for a phytoplasma but those with ‘restricted spring
growth syndrome’ {formerly called ‘grapevine decline’) tested negatively. Restriction fragment
length polymorphlsm analyses were done to determine the relationships between phytoplasmas of
the Australian grapevine yellows and of representatives from both the aster yellows group (which
includes phytoplasmas of grapevine yellows from Italy) and the elm yellows group (which includes
phytoplasmas of flavescence dorée). Results showed that Australian grapevine yellows is associated
with a unique phytoplasma that is more closely related to the phytoplasmas of the aster yellows
group than to those of the elm yellows group,

Abbreviations
The following abbreviations of dlsease types and molecular biclogy terms are used in this paper:
AGY Australian grapevine yellows; AY aster yellows; BN bois noir; EY elm yellows; FD flavescence dorée;
FDB southern European grapevine yellows; FDOU flavescence dorée strain, northern ltaly; GY grapevine
yellows; IPVR Italian periwinkle virescence; MLO mycoplasma-like organism; RSGS restricted spring growth
syndrome; SPLL sweet potato little leaf, bp nuclefc acid base pair; PCR polymerase chain reaction; RFPL
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restriction fragment length pelymerphism.

Introduction

Australian grapevine yellows (AGY) is a disease first
reported in 1975 and first described by Magarey and
Wachtel (1983, 1985, 1986b). Diseased grapevines
exhibit yellowing, downward curling of leaves on
stunted shoots that do not harden off but remaln rub-
bery (Magarey and Wachtel 1985). Shoot tips cease
growth and die, and bunches shrivel and fall (Magarey
and Wachtel 1986a). In the main, cultivars producing
grapes for premlum white wines are affected: most
damage was found in Chardonnay and Rlesling, but
symptoms were also seen on other cultivars, e.g.
Traminer, Montils and Semillon. The disease is now
present in neatly every viticultural district of Australia
(Magarey and Wachtel 1986a). A survey in 1980
showed the highest incidence of disease occurring in
the irrigation areas of the Riverland (from Waikerie
to Renmark, South Australia), Sunraysla (centred on

Mildura, Victoria) and of the Murrumbldgee (centred
on Griffith, NSW), and in the Hunter Valley (NSW).
Average crop losses of 10% were observed in vine-
yards of Riesling and Chardonnay. In some vineyards,
5% of all vines were diseased, and severely diseased
vines showed yield reductions of 40-50% (Magarey
and Wachtel 1986a).

Australian grapevine yellows is similar to other
grapevine yellows diseases and to flavescence dorée.
The latter is an important dlsease of grapevine in
southwest France (Caudwell et al, 1971) and Italy
(Belli et al. 1985) and is associated with a mycoplasma-
like organism (MLQ) (Caudwell 1980). The new trivial
name for MLOs Is phytoplasmas and this term is used
here to refer to MLOs. Studies of injecting antibodies
into vines diseased with Australian grapevine yellows
indicated sensitivity to oxy-tetracycline hydrochloride
but not to peniclllin G, inferring a phytoplasma aetiology



26 Molecular studies of Australian grapevine yellows

for the disease (Magarey and Wachtel 1986a). Also,
the phloem sieve tubes showed considerably more
fluorescence In diseased than in symptomless grape-
vines (Magarey and Wachtel 1985, 1986a, 1986b), and
thls is in accordance with observations of Namba et al.
(1981). Subsequently, phytoplasma particles were
observed in the phloem sieve tubes of diseased
Australian grapevines (Magarey et al. 1988). These
observations provlded evidence that Australian
grapevine yellows is associated with a phytoplasma.
However, evidence is still required on the nature of
the phytoplasma infection. As this disease is a persis-
tent problem in Australia, a diagnostic test is needed
for the screening of grapevines which would enable
the production and distribution of planting material
free of Australian grapevine yellows.

In the spring of 1993 and again in 1994, certain
decline symptoms were first reported on Chardonnay
and then on other cultivars in most of the major
grapegrowing regions of south-eastern Australia.
Observed symptoms of the condition, now named
‘restricted spring growth syndrome’ (RSGS, formerly
called ‘grapevine decline’) included poor budburst and
uneven, reduced shoot growth, Some vines even died
{Mattschoss 1994). It is thought at present that a com-
bination of physiological and environmental factors
may stress vines which then exhibit growth problems,
but contributions of secondary factors have not been
ruled out. Phytoplasma infection may be one such factor
and a diagnostic test for it would help to determine
whether such an organism plays a role in RSGS.

Yellows disease of grapevines has been reported
from many countries including France, Italy, Germany
(Caudwell et al. 1971, Davis et al. 1992, Herschler
1937), USA (Pearson et al. 1985), Portugal (Parente et
al. 1994) and Greece (Rumbos and Avgelis 1985). The
genetic relatedness of phytoplasmas associated with
this diseases has recently received much attention and
research has shown that a number of different phyto-
plasmas may be involved. The information gleaned is
summarised here because it is important in relation to
the present study. The type of grapevine yellows found
in southern France and in northern ltaly, called flaves-
cence dorée {FD) was shown in recent molecular stud-
ies to be associated with a phytoplasma coded FDF in
France (Daire et al. 1993) and FDU in northern Italy
(Prince et al. 1993). FD is confined to these two regions
as shown by serology tests using FD-specific antibodies
on samples of diseased vines from Sicily and Emilia-
Romagna (Italy), Switzerland, Israel, USA, South
Australia and South Africa (Kuszala et al. 1993), In
particular the phytoplasma of the GY found in south-
ern France (i.e. FD) was different from that found in
vineyards of northern France (Daire et al. 1993).

Similarly, Davis et al. (1993) provided evidence for
two genomic clusters of grapevine phytoplasma in
Italy, namely the FDU strain of flavescence dorée in
the north and FDB, associated with the southern FDB
phytoplasma, in the south, FDB phytoplasma was
shown to be closely related to [talian periwinkle vires-
cence phytoplasma (IPVR) by Davis et al. (1992) and
both were distinct from FDU.
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The phytoplasma FDB, together with the phyto-
plasmas of four GYs from Emilia Romagna vines (CAI,
CHI1, SAN1, SANZ2), were shown to have the charac-
teristics of phytoplasmas of the aster yellows (AY)
group and were thought to represent a new subgroup
within the AY group (Prince et al. 1993). In contrast,
FDF proved in molecular studies to be related to the
elm yellows (EY) phytoplasma group V (Daire et al.
1992, Prince et al. 1993, Smart et al. 1994, Daire et al.
1993, 1994, Kirkpatrick et al. 1994b, Seemiiller et al.
1994) but not to be identical with the strain type of EY
(Daire et al, 1994, Bertaccini et al. 1995). The Italian
FDU and the grapevine yellows phytoplasma from
Virginia (USA) are members of the X-disease III phyto-
plasma group, according to evidence obtained by Prince
et al. (1993), and similarly the grapevine yellows phyto-
plasma from New York was shown to be related to the
western X-disease phytoplasma, which is in the x-
disease group (Daire et al. 1994).

Bois noir is another important grapevine yellows
disease which has the same symptoms as flavescence
dorée but cannot be transmitted by the leafhopper
vector of flavescence dorée (Caudwell et al. 1971).
BN-diseased grapevines from southern and northern
France, northern Italy, Sicily and Israel were shown to
contain a stolbur-related phytoplasma (Daire et al.
1994). Results from sequence data analysis have
placed the grapevine yellows from Germany called
Vergilbungskrankheit and of BN from southern France
within the stolburs (Smart et al. 1994, Kirkpatrick et
al. 1994b, Seemiiller et al. 1994). Parsimony analysis
of 165 rRNA and 165/23S spacer sequences has shown
that the group 1 aster yellows can be divided into two
subgroups, the aster yellows group and the stolbur
group with Vergilbungskrankheit and bois noir from
southern France (Seemiiller et al. 1994, Smart et al.
1994). This suggests a close relationship between these
'stolbur-type’ phytoplasmas and those currently asso-
ciated with the aster yellows group.

In summary, RFLP and sequence data analysis on
material from grapevines infected with grapevine yel-
lows indicate an association of the disease with phyto-
plasmas belonging to four of the above goups: (1) FDF
from France is characteristic of phytoplasmas from the
elm yellows (EY) group V; (2) FDU from Italy and the
grapevine yellows phytoplasmas from SA, Virginia and
New York are characteristic of the X-disease group III;
{3) FDB from the South and the four phytoplasmas of
the grapevine yellows from Emilia Romagna of Italy
{CA1, CH1, SAN and SAN 2) are characteristic of the
aster yellows (AY) group I; and (4) bois noir (France,
ltaly, southern Italy and Israel) and Vergilbungskrank-
heit (Germany) are characteristic of the stolbur group.

Thus, much effort has gone into studying the
genetic relatedness worldwide of the grapevine yel-
lows diseases. Up to now, the only information about
the relationship of the phytoplasma of the Australian
grapevine yellows to the other grape phytoplasmas
comes from Kuszala et al. (1993) whose serology test
showed that this Australian phytoplasma is not closely
related to FDF, While determination of the relationship
between the phytoplasma of the Australian grapevine
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yellows and of all other known phytoplasmas of
grapevine yellows may require lengthy studies, it
appeared important to initiate such work. It should
lead to a better knowledge of Australian grapevine yel-
lows, the origin of its phytoplasma and its distribution
in the Australian grapegrowing regions. The ability to
recognise phytoplasmas of grapevine yellows will also
be important for the safe movement of planting
material both nationally and internationally.

Materials and Methods

Source of phytoplasmas and extraction of nucleic acid from
plants

In Australia, samples from Chardonnay grapevines
with Australian grapevine yellows were collected in
South Australia (Loxton) and Victoria (Karadoc and
Robinvale). Samples from Chardonnay grapevines
with restricted spring growth syndrome were collected
at Waikerie (South Australia) and Karadoc, and from
asymptomatic Chardonnay and Riesling vines at
Loxton, Plants of sweet potato with sweet potato little
leaf phytoplasma (SPLL) came from Darwin (Northern
Territory), of petunla with petunia little leaf from
Canberra (Australian Capital Territory), of potato with
potato purple top wilt from Knoxfield (Victoria) and of
tomato with tomato big bud from Waikerie.

In Italy, samples of vines with symptoms of
grapevine yellows were collected from the cvs
Chardonnay, Trebbiano and Caveccia of the Emilia-
Romagna region, from cv. Prosecco in the Veneto
region and from cv. Alborola in Liguria, while samples
of asymptomatic vines came from cv. Chardonnay
vines of the Emilia-Romagna region. Additionally, host
plants of the respective species carrying disease were
obtained for Italian periwlnkle virescence, Italian glad-
iolus virescence and Italian ranunculus phyllody. Total
nucleic acids were extracted in Australia from the
Australian samples using the methods of Gibb and
Padovan (1994) and Steenkamp et al. (1994), and in
Italy from the Italian samples using the method of Lee
et al, (1991).

Polymerase chain reaction (PCR)
The primer pair used in the initial screening of
Australian grapevines was 16R723f and m235SR. These
primers amplified a fragment of 1076 base pairs
extending from position 723 in the 168 rRNA gene
through the 165/23S spacer region and into the start
of the 235 rRNA gene. The sequences of the forward
primer (16R723f) and the reverse primer (m23SR) are:
16R7231 5'-GAAGGCGGCTTGCTGGGTCT-37,
m23SR: 5’ -TAGTGCCAAGGCATCCACTGTG-3'.
A second set of primers (P3/P7) amplified approxi-
mately 300 base pairs of the 165/23S spacer region
{(sequence provided by C. Smart) and was useful for
screening Italian grape phytoplasmas from a range of
grapevine cultivars, A third set of primers (R16F2/R2)
which amplified a product of 1245 base pairs extend-
ing from position 152 to 1397 of the 165 rRNA gene
(Lee et al. 1993) was used to study genetic related-
ness by restriction fragment length polymorphism
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(RFLP) analysis. A fourth set of primers (P1/P7) ampli-
fying a larger region of approximately 1800 base pairs
of the 16S rRNA gene extending through the spacer
region and into the beginning of the 235 rRNA gene
(forward primer P1, Deng and Hiruki 1991) and
reverse primer sequence P7 (provided by C. Smart)
were also used in RFPL analysis as an adjunct to the
RFLP study of the smaller, 1245 base pair sequence.

For the PCR, nucleic acid extracted by the method
of Gibb and Padovan (1994) and Steenkamp et al.
(1994) was used without further dilution. The reac-
tions contained 0.2 mM of each dNTP, 0.4 pM of each
primer, DNA polymerase buffer supplied with the
enzyme 1 U Taq DNA polymerase (Boehringer Mann-
heim GmbH, Germany) and 1 pl. of the nucleic acid
sample. The total reaction volume was 20 pL for gen-
eral screening in a Corbett FTS-1 thermocycler
(Corbett Research, Mortlake, NSW, Australia) or 50 pL
for PCR products to be used for RFLP analysis in a
Corbett FTS-320 thermocycler. Parameters for 40
cycles were denaturation at $4°C for 1 min, annealing
at 60°C for 30 s, and extension at 72°C for 30 s except
for the final cycle when extension was for 90 s. After
amplification, a one-tenth volume aliquot from each
sample was subjected to electrophoresis in a 1.2%
agarose gel and visualised by staining with ethidium
bromide and UV illumination. Nucleic acid extracted
after the method of Lee et al. (1991) was used in the
PCR at a concentration of 60 ng/pL for grapevine and
20 ng/pL for other plant host species. PCR conditions
for these samples were as described in Lee et al.
(1993). Total nucleic acid extracted from asymptomatic
plants were subjected to the PCR as control, and in
some experiments controls were included in which
the PCR mix contained water without plant nucleic
acid.

Restriction fragment length polymorphism analysis (RFLPA)
Ten pL of the PCR products amplified by using the
RI6F2/R2 primers were digested separately using
three restriction enzymes, Kpn 1 (10U), Alu I (6U)
{Fermentas, MBI, Vilnius, Lithuania) and Mse I (1U)
(Sigma-Aldrich, Milano, Italy) in buffers supplied by
the manufacturer. Digestions were incubated over-
night at 37°C and the fragments were visualised by
electrophoresis in a 5% polyacrylamide gel In 1xTBE
buffer followed by staining with ethidium bromide.
The gel was photographed using a UV transillurinator.
PCR products amplified by using the P1/P7 primers
were digested with Mse I (4U) (New England Biolabs,
Beverly, MA, USA) in buffers supplied by the manu-
facturer. For the PCR products of SPLL and AGY, 5 pL
of DNA were digested, whereas for the grapevine yel-
lows phytoplasma from Trebbiano, 15 pL were used
because the PCR product was in low concentrations
when visualised on an agarose gel. Digestions were
incubated overnight at 37°C and the fragments were
visualised by electrophoresis in 4% UltraHigh Resolution
Agarose pel (Progen Industries, Darra, Queensland,
Australia) in LxTBE buffer followed by staining with
ethidium bromide and photographed using a UV
transilluminator.
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Figure 1. Detection of Australian grapevine yellows and other
phytoplasmas by PCR amplification of phytoplasma DNA. A 1076
bp region of the 165 rRNA gene and spacer region was amplified
using the primer pair 165723f/m23SR. M = DNA molecular weight
markers; bp = base pairs; lane 1 = sweet potato with SPLL: fane 2 =
petunia with petunia fittle leaf, lane 3 = asymptomatic potato; lane 4
= asymptomatic grapevine; lane 5 = potato with potato purple top
wilt; lane 6 = Chardonnay with AGY (Loxton, SA)

Figure 2. Screening grapevines with Australian grapevine yellows
and Restricted Spring Growth Syndrome by PCR amplification of
phytoplasma DNA using the primer pair 165723f/m23SR. Lane 1 =
tomato with tomato big bud (Waikerie, SA); lane 2 = Chardonnay
with AGY (Loxtan, SA); lane 3 = Chardonnay with AGY (Karadoc,
Vic.); lane 4 = Chardonnay with AGY (Robinvale, Vic.); lane 5 = RSGS
(Waikerie, SA): lanes 6 and 7 = RSGS (Karadoc, Vic.); lane 8 =
asymptomatic Chardonnay; lane 9 = asymptomatic Riesling: M =
DNA molecular weight markers.

Results

Polymerase chain reaction

This work has shown that a PCR-based assay can be
successfully used to detect phytoplasma DNA in
grapevines with symptoms of Australian grapevine
yellows. This test was first applied to amplify a PCR
product of the 1076-bp region, using the primer pair
16R723f/m23SR (Figure 1). This assay was used with
a range of host plant species. Nucleic acid extracted
from asymptomatic plants did not exhiblt any PCR
product. Samples from grapevines infected with AGY
and growing in Loxton, Karadoc and Robinvale gave
PCR products of the same size as the positive controls
from sweet potato and tomato (Figures 1 and 2). The
extracts of grapevines with RSGS showed no PCR
product (Figure 2).
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Figure 3. PCR amplification of grapevine yellows (GY) phyto-
plasmas from Italy (lanes 1-11) and AGY (lane 12) using the
primer pair P3/P7. This amplifies the spacer region between the
165 rRNA and 235 rRNA genes. M = DNA molecular weight markers;
bp = base pairs; lane 1 = Caveccia with GY {Emilia-Romagna); lane 2
= asymptomatic Chardonnay; lanes 3-7 = Chardonnay with GY
(Emilia-Romagna); lanes 8-9 = Prosecco with GY (Veneto); lanes
10-11 = Trebbiano with GY {Emilia-Romagra); {ane 12 = Chardonnay

with AGY (Loxton, SA)
M 1 2 3 4 5 6 7 8 9 101N
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Figure 4. PCR amplification of different phytoplasmas from
grapevines and from other plants, as positive controls, using the
primer pair R16F2/R2. M = DNA molecular weight markers; bp =
base pairs; lane 1 = water control; lane 2 = Chardonnay with AGY
{Loxton, SA); lane 3 = virescence of ltalian gladiolus; lane 4 = ranun-
culus with phyllody (italy); lane 5 = Chardonnay with GY (Emilia-
Romagna); lane 6 = {talian periwinkle virescence (IPVR); lane 7 =
grapevine with GY (Liguria); lane 8 = asymptomatic grapeving; lane 9
= asymptomatic gladiolus; lane 10 = asymptomatic ranunculus; lane
11 = asymptomatic periwinkle.

Extracts from Italian grapevines of cvs Caveccia,
Chardonnay, Prosecco and Trebbiano exhibiting symp-
toms of grapevine yellows disease, and samples from
grapevines with Australian grapevine yellows, were
screened using the primer pair P3/P7 which amplified
the 16S/23S spacer region (approximately 300 base
pairs). PCR products were observed for all Italian
grapevine cultivars with GY disease and for AGY
(Figure 3). Some DNA samples from ltaly gave faint
bands despite repeated PCR tests; this DNA, when sub-
jected to gel electrophoresis, was found to be partially
degraded (data not shown) which may account for the
faint PCR products. No PCR products were amplified
in the asymptomatic control samples (Figure 3). There
was some variation in the size of PCR products (Figure
3). While the P3/P7 primer pair proved to be useful for



Padovan et al,

M123456 123456123 456M

Mse1

- ————————
Alu Kpn1

Figure 5. Restriction digests of the PCR products described in fig-
ure 4. Restriction enzymes used are (left to right): Al |, Kpn | and
Mse |. M = DNA molecular weight markers; bp = base pairs; lane 1 =
grapevine with GY (Liguria); lane 2 = ranunculus with phyllody
(Italy); lane 3 = virescence of Italian gladiolus; fane 4 = [PVR; lane 5
= Chardonnay with GY (Emilia-Romagna); lane 6 = Chardonnay with
AGY (Loxton, SA)

amplifying phytoplasma-specific DNA in samples that
did not give a positive result with other primer pairs,
the small size of the PCR product precluded its use in
RFLP analysis. No bands were observed on samples
from grapevines with 'restricted spring growth syn-
drome’ (results not shown).

Restriction fragment length polymorphism analysis

To study genetic relatedness, a range of phytoplasmas
was amplified in the PCR, using the R16F2/R2 primer
pair, and compared by RFLP analysis. The phyto-
plasmas used in this study were from Chardormnay
with AGY from Loxton, GY-diseased grapevines from
Emilia-Romagna, Italian periwinkle virescence (IPVR),
virescence of Italian gladiolus, phyllody of Italian
ranunculus and a GY-diseased grapevine from Liguria.
These samples pave the expected 1245-base pair product
(Figure 4) while PCR products were not observed in
samples from asymptomatic grapevlne, gladiolus,
ranunculus, periwinkle or water controls. The 1245-
base pair PCR products were subjected to RFLP analysis,
using three restriction enzymes Aful, Kpn 1, and Msel
(Figure 5). The Australian grapevine yeilows restric-
tion pattern generated by digestion with Kpn I was the
same as that for grapevine yellows from Emilia
Romagna, IPVR, virescence of Italian gladiolus and for
phyllody of Italiar ranunculus, but differed from that
for grapevine yellows from Liguria (Figure 5). For the
phytoplasma of Australian grapevine yellows, the
restriction pattern generated by digestion with Aful or
Mse [ was not the same as any of the Italian phyto-
plasmas tested (Figure 5).

The 16S rRNA gene and spacer region of Australian
grapevine yellows and of an Italian grapevine yellows
contained in Trebbiano was amplified by PCR using
the P1/P7 primers (Figure 6). An Australian phyto-
plasma from sweet potato (SPLL) was also amplified in
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Figure 6. PCR amplification of phytoplasmas from grapevines and
from sweet potate. The primer pair P1/P7 was used; it amplifies
almost the entire 16SrRNA gene and the spacer region between the
165 rRNA and 23S rRNA genes. M = DNA moiecular weight markers;
bp = base pairs; lane 1 = asymptomatic sweet potato; lane 2 = sweet
potato with SPLL; lane 3 = asymptomatic Chardonnay {Loxton, SA);
lane 4 = Chardonnay with AGY (Loxton, SA); lane 5 = asymptomatic
Chardonnay (Emilia-Romagna); lane 6 = Trebbiano with GY (Emilia-
Romagna)
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Figure 7. Restriction digests of the PCR products described in fig-
ure 6, The restriction enzyme was Mse |. M = DNA molecular weight
markers; bp = base pairs; lane 1 = sweet potato with SPLL; lane 2 =
Chardonnay with AGY (Loxton, SA); lane 3 = Trebbiano with GY
(Emilia-Romagna)

this experiment as a positive control. Among the samples
of infected grapevines from the Emilia- Romagna, only
the DNA extracted from Trebbiano amplified with the
P1/P7 primers and this was therefore the only one
used in this part of the study. Its PCR product was
slightly larger (approximately 50 bp) than the PCR
products from AGY and SPLL (Figure 6}. The 1800 bp
PCR products digested with Mse I and and the restric-
tion pattern showed that AGY was different from both
the SPLL phytoplasma found in many Austraiian
plants (Gibb et al. 1995} and from the Italian grape-
vine yellows phytoplasma in Trebbiano (Figure 7).

Discussion

A molecular diagnostic test for phytoplasmas in
grapevine based on amplification of a region of phyto-
plasma genome by means of the polymerase chain
reaction was used to detect phytoplasma-specific DNA.
Using this technique on samples from Chardonnay
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vines showing symptoms of Australian grapevine yel-
lows, we could demonstrate that phytoplasmas are
associated with this disease. Phytoplasma-specific DNA
was not present in detectable amounts in samples
extracted from Chardonnay vines showing symptoms
of the restricted spring growth syndrome.

Very little is known about Australian phytoplasmas
and work so far has shown a wide distribution of a
phytoplasma that is related to but not identical with
the peanut witches’ broom and Crotalaria witches’
broom phytoplasmas. The type strain of this 'success-
ful’ Australian phytoplasma is SPLL, the sweet potato
little leaf phytoplasma (Gibb et al. 1995). Results
reported in this paper show that the phytoplasma
associated with Australian grapevine yellows is not the
same as the SPLL phytoplasma and this provides the
first evidence that there is more than one phytoplasma
in Australia.

The finding that the size of the 165 rRNA gene and
of the adjacent spacer region differ is not entirely sur-
prising when one accepts that the various examined
phytoplasmas are not the same. It is known that the
nucleotide sequences flanking a conserved tRNA!'® in
this spacer region vary considerably (Kirkpatrick et al.
1994a) and spacer sequences from different phyto-
plasmas vary considerably in length (Smart et al.
1994), In our case, the respective regions of the phyto-
plasma DNA were larger in the samples obtained from
the Italian Trebbiano grapevine yellows than in those
from the Chardonnay Australian grapevine yellows.
This observation could be viewed as added evidence that
the phytoplasma of the Australian grapevine yellows is
not identical with that of the Italian grapevine yellows
in Trebbiano. Other Italian grapevine samples were
not used in this analysis because they could not be
amplified using the P1/P7 primer pair.

The present study led us to examine the genetic
relatedness of the AGY phytoplasma to phytoplasmas
from AY group I and EY group V. As mentioned
previously, these two groups contain grapevine phyto-
plasmas and the AY group includes a large number of
phytoplasmas from a wide range of host plant species.
RFLP analysis of the 16STRNA gene has shown that
some phytoplasmas placed in the AY group show poiy-
morphisms with some restriction enzymes and this has
lead to subgroupings of phytoplasmas within the
group (Lee et al. 1993). The AY-related phytoplasmas
used in this study belong to different subgroups with-
in the AY group (Lee et al. 1993; Vibio et al. 1994), GY
from Emilia-Romagna {(group [-G) {(Bertaccini et al.
1993a), IPVR (group I-G) (Davis et al. 1992), vires-
cence of [talian gladiolus (group I-B) (Bertaccini et al,
1993b) and phyllody of Italian ranunculus (group I-C)
(Bertaccini et al. 1994). The EY-related phytoplasma
used in this study was GY from Liguria (group V)
(Bertaccini et ai. in press).

AGY was shown by RFPL-analysis to differ from
the GY sample for Liguria whose phytoplasma is clas-
sified, together with flavescence dorée, as belonging to
the EY group. Therefore, AGY ought to be different
from flavescence dorée also, a result which supports
previous findings that FD-specific antibodies did not
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detect AGY (Kuszala et al. 1993). In contrast, the
phytoplasma of AGY gave restriction fragment pat-
terns after digestion with Kpn I that were identical
with those of phytoplasmas of the AY group. However
the restriction fragment patterns of AGY phytoplasma
were different from all other known phytoplasmas,
including phytoplasmas related to the AY group when
digestion was done with either Afu I or Mse I. Thus,
based on the restriction fragment pattern, the AGY
phytoplasma was closest to, but not identical with, the
GY phytoplasma from the Emilia-Romagna and to the
IPVR phytoplasma (AY group I-G).

Conclusions

This work has reconfirmed that molecular diagnostic
tools using the polymerase chain reaction to amplify
specific sequences can be used to detect grapevine
phytoplasmas. Grapevines with Australian grapevine
vellows tested positive for phytoplasmas while those
with restricted spring growth syndrome did not. From
this first study it appears that the phytoplasma associ-
ated with Australian grapevine yellows is not identical
with any known phytoplasma, but that it is most
closely related to phytoplasmas from the aster yellows
group which includes the phytoplasmas of southern
European grapevine yellows and of four phytoplasmas
from Emilia-Romagna vines. Further study is required
to determine the relationship hetween grape phyto-
plasmas currently in the aster yellows group and thaose
in the stolbur group because some workers have used
sequence data to show a close relationship between
these two groups. Evidence presented here shows the
phytoplasma of Australian grapevine yellows not to
he related to a grape phytoplasma from the elm yellows
group V. Flavescence dorée is a member of this group;
our results therefore indicate that Australian grapevine
yellows is not related to flavescence dorée. The phyto-
plasma of Australian grapevine yeilows appears to
have arisen either de movo in Australia or originated
from the aster yellows group of phytoplasmas of
European grapevine yellows, but evolved in Australia
as shown by its unique restriction enzyme pattern.
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