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Abstract
CAUSES OF NEONATAL MORTALITY
IN THE NEW ZEALAND SEA LION (PHOCARCTOS HOOKERI)

As part of a health survey of New Zealand sea l{&m®carctos hookeri) on Enderby Island,
Auckland Islands (5030’S, 166 17°E), neonatal mortality was continuously morgtrat the
Sandy Bay Beach rookery, from 1998/1999 to 2004320the primary causes of death were
categorised as trauma (35%), bacterial (24%) amdvorm (13%) infections, starvation (13%)
and stillbirth (4%). During the 2001/2002 and 2@I®3 breeding seasons, bacterial epidemics
caused byKlebsiella pneumoniae increased mortality by three times the mean in-@gidemic

years.

Uncinaria spp. from New Zealand sea lion (NZSL) pups was rilgsd for the first time using
morphometric criteria. It differed from the two spes already described in pinnipetBicinaria
lucas andUncinaria hamiltoni, suggesting the existence of a different morph®typNZSLs. A
study on the epidemiology of hookworm infectionsiad that all pups up to at least three months
of age harboured adult hookworms in their intestimand transmammary transmission was
identified as the route of infection of NZSL pupcinariosis as a primary cause of mortality was
generally associated with anaemia, haemorrhagieridatand frank blood in the lumen. The

relationship between hookworm burden and clini¢sgase could not be clearly established.

The 2001/2002 and 2002/2003 bacterial epidemi&aatly Bay Beach rookery were caused
by a clonal strain oKlebsiella pneumoniae as verified by pulse-field gel electrophoresis and
antimicrobial testing. Suppurative arthritis wag tinost common post-mortem diagnosis during
the two epidemic seasondnternal lesions were consistent with septicaenvidiich
explained the wide range of organs from which th#g@gen was grown in pure culture.
serological test investigating the exposure of N&Z3t Klebsiella spp. showed that the large
majority of pups up to two months of age did notéhany antKlebsiella antibodies, even after
the epidemics, but that almost all the adults weeropositive. In addition, passive
immunoglobulin (Ig) transfer from lactating femaltesneonates was examined by measuring IgG
levels in pups and was very low compared to teiedstmammals although similar to other

pinniped neonates.
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Preamble

The research reported in this thesis aimed at iigerg and pondering the causes of
neonatal mortality in New Zealand sea lion (NZSBhdcarctos hookeri) pups at Sandy
Bay Beach on Enderby Island (New Zealand’s Sub-étitalslands, between 48°S and
53°S). Investigation into neonatal mortality comeethin 1998/1999 after an unusual mass
mortality of NZSLs was noted during the 1997/199%edling season. A variety of
personnel were involved in undertaking necropsres @llection of samples up until the
commencement of these PhD studies in 2003/2004vekder analysis of all these samples
and consequent data are part of this PhD rese@tah.thesis is articulated around two
major themes, hookworm infection and bacterial epits caused byKlebsiella
pneumoniae. These were investigated in the course of parsiilelies conducted both in the
field and in several laboratories on mainland Nexaland. Therefore the thesis appears as
a succession of discrete chapters that have beemillde, submitted to various journals
for publication. To facilitate some uniformity ofrgsentation, all chapters have been
presented here in the same style and format. Wdqgpecable, cross-referencing to other
chapters or sections in chapters has also beamndedt! A set of complementary documents
including the standard operating procedures deeelopnd used for this research is
provided for each chapter in the Appendices seclibiese are numbered as for the chapter
they refer to and are generally in addition to thecuments presented to the various
journals for publication and are also referrednahie relevant section of these chapters. A
list of abbreviations commonly used in the textpiesented immediately before the

literature review.

A detailed literature review of the causes anducitstances of mortality in neonates of
other pinniped species than the New Zealand seadigiven in Part One (Chapter 1). Part
Two includes Chapter 1 that presents the causeeaiatal mortality observed at Sandy
Bay Beach for seven consecutive years. Prevalehadeomain causes of death and
necropsy findings are detailed in this section.t Pidiree is dedicated to studies on

hookworm infections in New Zealand sea lion pupsomprises Chapters 3 to 6. The first
1



chapter gives a morphometric description of theigsefound in NZSLs and compares it to
the hookworm species occurring in otariids aroumsl world. This has been published in
Parasitology Research (Appendix 3.1). A morpholalgotescription of larval stages and
immature adults can be found in Appendix 3.2 a®rées of drawings and microscopic
pictures. This supplement provides some importadtianovative data on the anatomical
development of the parasite in its immature for@Bapter 4 consists of a brief study on
the weather conditions at Sandy Bay Beach and dssilple influence of temperature
fluctuations on hookworm free-living stages. Chageconsiders the life cycle and the
descriptive epidemiology of hookworms in NZSLs. @tea 6 describes the clinical
pathology associated with this parasitic infectitinalso investigates its effects on some
biological parameters of pups. Part Four includese chapters describing the 2001/2002
and 2002/200XKlebsiella pneumoniae epidemics on the Auckland Islands. The bacterial
agent is first characterized using phenotypical amadecular analyses (Chapter 7). Then
some aspects on the epidemiology and clinical pedglyo of these epidemics are
investigated (Chapter 8), followed by a chapteaaerological survey covering 7 years of
population monitoring at Sandy Bay Beach (ChapderA9general discussion concludes

this study on neonatal mortality in the New Zealaed lion (Part Five, Chapter 10).

The elements of histopathology associated Wittbsiella pneumoniae epidemics and
presented in Chapter 8 correspond to the reseatibvad within the frame of this PhD
thesis. However, further analyses are recommendgdreé submitting this work for
publication in a scientific journal. Other expermi& chapters have been or will be
submitted for publication as followsJournal of Wildlife Diseases (Chapter 2);
Parasitology Research (Chapter 3, published; Chapter SJpurnal of Comparative
Pathology (Chapter 6) an®eterinary Microbiology (Chapters 7 and 9).
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Chapter 1

General Introduction and Literature Review

Introduction

The New Zealand sea lion (NZSLBhocarctos hookeri, is a species endemic to New
Zealand which has been weakened by a declining latipi size, due to bacterial
epidemics and food competition from the squid figh&round their breeding colonies on
the Auckland Islands. A continued increase in trawt fishing, ecotourism and other
human activities represent some potential risksth@ sea lions. Their population had
already shown a dramatic decrease after sealingaigms were conducted during thé"19
century on the Auckland Islands, their main bregdsite. Despite being protected by
international and New Zealand legislation, the NZBdpulation is declining and its
ecology and health status are uncertain. This wewiatlines the information available on
NZSLs, and includes literature on neonatal biolegyl mortality of pinnipeds, with an
emphasis on infectious agents and the immune sysftepups to underpin the research
described in subsequent chapters.



|. The Hooker’s or New Zealand sea lion (NZSL)Phocarctos hookeri

I. 1. Pinnipeds, otariids and sea lions

Seals, sea lions and walruses belong to a vesrsbvgroup of marine carnivores: the
pinnipeds (order Pinnipedia). This includes thramifies: the Otariidae or eared seals (sea
lions and fur seals), the Phocidae or true (edrlesals (seals and elephant seals) and the

Odobenidae or walruses (Riedman, 1990).

The New Zealand sea lion (NZSLPHocarctos hookeri, also known as Hooker's sea
lion) is now one of the world’s rarest pinnipeds historical records have shown that this
species was abundant around mainland New Zealaddnathe adjacent sub-Antarctic

region before human activity considerably reduteirtpopulation.

Figure 1.1 New Zealand or Hooker's sea lion bull
(foreground) and females on Dundas Island (Auckland
Islands).



Figure 1.2 New Zealand sea lion pup at Sandy Bay Beach
on Enderby Island (Auckland Islands).

The other otariid species reported in this regisnthe New Zealand fur seal,
Arctocephalus forsteri. There are only small numbers of New Zealand fmals on
Enderby Island and they are not breeding colories. seals do not share the same

locations and have never been seen within a NZ8éding colony.

I. 2. The Auckland Islands

The New Zealand sub-Antarctic domain includes fy@ups of islands located
between 45-55°S and 160-185°E. These are the SAaredand, Bounty, Antipodes and
Campbell Islands (Fig.1.3). They are all includedhe New Zealand Exclusive Economic
Zone (Fig. 1.4) and are under the management ofSihthland Conservancy of the
Department of Conservation (DOC). The Aucklandansls comprise a group of small
islands clustered around the larger main island;kbfaund Island, which is 50,990 ha in
area and 40 kilometres long (Fig. 1.3) (Peat, 2008 smaller islands include Enderby,
Disappointment and Dundas Islands (Fig. 1.4). Giieneonditions on these islands are
characterised by persistent westerly winds and @dminprecipitation throughout the year
(1,200-1,500 mm per year). Maximum air temperat@eges between 10-16°C in the
summer and between 4-10°C in the winter. Enderlgndsusually has the finest and

warmest weather of all the sub-Antarctic islandsafP2003).
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Figure 1.3 Map of the Auckland Islands showing the three ci@s of New Zealand sea
lions: Sandy Bay beach (Enderby Island), Dundastsbnd Figure of Eight Islands.

The vegetation consists of a unique group of emclemecies. This requires DOC to
maintain a high level of vigilance to ensure thaitars do not disturb the biological
balance by introducing any new plant species. Thackkand Islands have the
southernmost forest of the Sub-Antarctic regionmohated by the Southern Rata,
Metrosideros umbellata. On Enderby Island, three general strata can bergdseThe
lowest zone is the sandy beach, leading into asfaoé tree ferns and Rata€yathea
smithii) between 50 and 150 metres above sea level. Attuwseis a grassland of tussock
and megaherbs (includirgjilbocarpa spp. andPleurophyllum spp.) (Peat, 2003).
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Figure 1.4 Map of the sub-Antarctic islands showing the Newaldnd
Economic Exclusive Zone ( - -) and the 200 m depth contour (...... ).

[.3. “Seal” hunting and squid fisheries

In the early nineteenth century a sealing era megathe Auckland Islands. Hunters,
mainly Australians, initially decimated the New Xaeal fur seal populatiorA¢ctocephalus
forsterii) for their skins. After the fur seal stocks wesphtted, they then killed NZSLs for
their oil (Childerhouse and Gales, 1998). Withidexrade, both populations were severely
reduced and there were few pinnipeds remaininghen drea. A second campaign of
hunting by whalers, the Maori and castaways froimpvetecks (Fig. 1.5, 1.6) aggravated
the general reduction of the NZSL and the New Zehlfur seal populations on the
Auckland Islands. In 1893, sealing for both speevas prohibited by a New Zealand law.
Consequently, during the twentieth century, the NfBpulation showed signs of recovery

(Childerhouse and Gales, 1998).



Figure 1.5"“Sea lion and young”. Gravure from “Wrecked oreafror
twenty months in the Auckland Isles” by Raynal (@88

Figure 1.6 Castaways hunting a female NZSL and its pup. Geavu
from “Wrecked on a reef or twenty months in the KWaad Isles” by
Raynal (1880).

In the late twentieth century, the NZSL populatisze has been estimated to be
between 12,000 and 15,000 animals, comprising appetely 7,000 sexually mature
animals (Gales and Fletcher, 1999; Wilkinson et2003) making it one of the smallest
population sizes reported for an otariid speciegalavailable from that time suggested that
the population has remained static for at leastldse 27 and possibly 40 years (Taylor,

1971, Wilkinson et al., 2003). However, the latestimates of pup production (Chilvers et
10



al., 2006b) and of the entire NZSL population (00,@0 12,000 animals, including 5,000
mature individuals; Chilvers, unpublished data) eveower than reported before, which

indicates that the NZSL population on the Auckldsidnds is currently declining.

Another pressure on the NZSL population occurrétl the development of a trawling
fishery for arrow squid Notodarus sloanii) on the Auckland Islands shelf in the 1970s.
Soviet, Japanese, Korean, German, Norwegian and Zé&aland trawlers contributed to
annual catches of 8,000 to 34,000 tonnes of sqiilus.opening of the squid fishery on the
1% of February each year overlaps with the secondtimoithe NZSL breeding season. At
this time, lactating females carry out numerousadarg trips to feed their newborn
(Chilvers et al., 2005b, 2006a), which puts themskt of being caught in the trawl nets..

Despite the existence of a fishing exclusion za@meund the Auckland Islands
established by the Ministry of Fisheries in 198&;idental bycatch of NZSLs by squid
trawlers continues to occur. Each season betweea 140 sea lions, mostly adult females,
are reported dead by independent observers onlibasg fishing vessels (Baird, 1996;
Wilkinson et al., 2003). In an attempt to limit tmepact of this squid fishery on the NZSL
breeding population, the New Zealand governmentdsdared an annual quota of sea
lions that can be accidentally killed before theiddishery must close. Before 2003, this
boundary had been calculated using a maximum aliavdishery-related mortality
(MALFIRM, now called fishing related mortality leer FRML) based on the population
estimates derived from the Gales and Fletcher (18@@lel. For the past four years, FRML
has been based on a Bayesian population modebsétsmta different quota every year by
computing annual pup production estimates and oth&ulated population parameters
(Chilvers et al., 2006b).

As a result of intensive sealing ashore and mecently accidental catch of sea lions at
sea, the NZSL was classified as *“vulnerable” by timernational Union for the
Conservation of Nature and Natural Resources (IlUCR@ijnders et al.1993) and
“threatened” due to range restriction under the Nmaland Marine Mammals Protection
Act 1978 and the New Zealand Threat ClassificaBtatus (Hitchmough, 2002).

11



I. 4. Breeding colonies on the sub-Antarctic islansl

NZSLs breed exclusively in the sub-Antarctic islar{Gales and Mattlin, 1997); 95%
of pupping occurs on the Auckland Islands (50° 6 4&) and a small breeding colony is
found on Campbell Island, 52° 33" S 169 °09’ E (@dmhouse et al., 2005). In addition a
few pups have been seen on Snares Island (48° 2Q6E) and occasionally on the Otago
peninsula, South Island of New Zealand (Gales dettler, 1999). There are four pupping
sites on the Auckland Islands: Sandy Bay Beacli @DS, 166 17' E) and South East
Point on Enderby Island (3@0’S, 166 19'E), Dundas Island (8035’S, 166 19'E) and
Figure of Eight Island (5046'S, 166 01’ E). These breeding sites have been monitored
annually since 1994/1995. With about four timesen¥ZSLs than at the Sandy Bay Beach
rookery (Enderby Island), Dundas Island is thedatdreeding colony (Wilkinson et al.,
2000).

[.5. Wildlife on Enderby Island

The number of scientific expeditions to descrilmel @ount the species of fauna and
flora in the sub-Antarctic region has increasedsaberably through the twentieth century.
There is a huge abundance and diversity of birdsigharea. Five seabird species including
the Southern Royal AlbatrosBipmedea epomophora) breed exclusively on the Auckland
Islands. Other bird species present on the Aucklalahds include the Gibson’s albatross
(Diomedea gibsoni), the yellow-eyed penguirViegadyptes antipodes) and the Auckland
Island shag l{eucocarbo colensoi). Waters around the Auckland Islands are homdnéo t
Southern Right whaleE(balaena australis) during the austral winter. Pinnipeds hauling
out on Enderby Island include the NZSL, small nurabef New Zealand fur seals
(Arctocephalus forsteri), and occasionally the southern elephant ddalolinga leonina).
Since the early 1990s, there has been a significamlvement of researchers collecting
information on wildlife on all groups of sub-Antaicislands and only more recently on
NZSLs on Enderby and Dundas Islands.

12



I. 6. The 1997/1998 epidemic season

In 1997/1998, a mass mortality event killed 609N&SL neonates and many adults on
all three Auckland Island rookeries (North Aucklaisthnds, Dundas and Figure of Eight
Islands). AlthoughCampylobacter sp. was isolated from a limited number of sampites,
was not possible to attribute the mortality to mgk causative agent (Baker, 1999). This
event was the first evidence that disease playedeain the demography of the NZSL. It
also highlighted the lack of base-line health datathe species and provided the impetus
for a directed survey of neonatal mortality in tBandy Bay Beach colony, the second
largest and most intensively studied breedingfeit®&lZSLs.

II. Neonatal mortality in pinnipeds

In pinnipeds, pup production, growth rate and staivof both offspring and juveniles
are commonly used to estimate individual fithesd population health. However, since
these parameters are highly variable within anevéeth species and years, only long-term

studies can indicate realistic population trends.

[I. 1. Pup production

The estimates of pup numbers have been basedwtotfive replicate counts by each
of two to four observers. A census at South EasttRmm Enderby Island and Figure of
Eight Island was undertaken using direct countsmithe small size of the colony, while at
Sandy Bay Beach on Enderby Island and at Dundassdsthe estimation was made using a
mark-recapture method (Gales and Fletcher, 199%iNgon et al., 2003). Mark-recapture
is commonly used to estimate the abundance of témed species (White and Burnam,
1999; Lettink and Armstrong, 2003), provided appiate assumptions are met (Chilvers et
al., 2006b). The technique used on these islanasisis of identifying pups by temporarily

gluing coloured plastic caps on their head, whatilitates the re-sighting of marked pups
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24 hours later (Fig. 1.7). Knowing the exact numbgrcaps used and the approximate
number of marked pups re-sighted, it is possiblealoulate a correction factor to apply to
the total count of pups present in the colony. Prgrluction is defined as the estimate of
live pups present in the colony plus the numbepugds that have died up until the date of
the count (Gales and Fletcher, 1999; Wilkinson.e2803; Chilvers et al., 2006b).

© Castinel, 2005

Figure 1.7 Mark-recapture on Dundas Island: pup with a
head-cap. The arrow points at the plastic cap tesatentify

pups.

[1.2. Survival probability of pups

Otariid pups are not weaned until four to 12 or enmronths, which is in contrast with
phocids for which the lactation period does noteext45 days (Oftedal, 2000). From birth
to weaning, pups are periodically left unattendedr® rookery while lactating females are
at sea. Consequently they are more at risk of aatauses of mortality during these
absences. Survival of pre-weaned otariid pupsvierg complex parameter to assess given
the number of life-threatening factors surroundiigh and associated with rearing. The

overall survival of a given pup cohort is estimatesing resighting data. However, from
14



two to three months of age, NZSL pups start leavireggrookery for short periods. From
this time, it becomes more difficult to asseshédyt are away foraging, or if they have died
at sea. Therefore the acceptable duration of focatyips has to be set prior to the survival

study. There are only a few studies investigatiregyeaning survival in otariid pups.

In some otariid species, heavier birth weight hasnbassociated with better early
survival (from birth to two months of age). Heavmups at birth showed a better early
survival in sub-Antarctic fur seal#yrctocephalus tropicalis (Georges and Guinet, 2000;
Chambellant et al., 2003) and in northern fur se@#lorhinus ursinus (Boltnev et al.,
1998). In New Zealand fur seals, males were boavike than females and were shown to
survive better (Bradshaw et al., 2003). AlthoughSiZmales were also usually born
heavier, they were not observed to survive betian tfemales (Chilvers et al., 2006b).
Likewise, in some other otariid species, pup gerdidrnot seem to affect the survival
probability (Boltnev et al., 1998; Georges and @uir2000). Indeed, for some otariids and
phocids, the reverse trend has been observed ales$ mare reported to be more at risk
than females (DeVilliers and Roux, 1992; Hall et, &001; Bradshaw et al., 2003).
Although their study on growth and survival of NZ®ups was conducted during two
seasons of high neonatal mortality due to bactepaemics, Chilvers et al. (2006b) found
high survival probabilities in a group of pups frdmrth to two months of age (0.75 in
2001/2002 and 0.92 in 2002/2003). However a morenebed study including non-
epidemic seasons should provide a more acurataastin normal conditions. Regardless
of gender and weight, survival of otariid pups dgrthe first two months was generally
higher than for older pups until one year of agelifiev et al., 1998; Chambellant et al.,
2003). In this, later counts (from two months ofeafp weaning) may give a better
indication of the annual pup survival. Unfortungitelrvival success for NZSLs over this
period is not known. One factor that has been oeseto contribute to differences in
survival was the variable density on the rookergr@dourt, 1992). For example, survil
Antarctic fur seal Arctocephalus gazella) pups varied between 69% (high population
density) and 97% (low density) (Doidge et al., 1984

15



lll.  Maternal attendance and pup survival

Lactation patterns vary between pinniped speciekiléAphocid pups suckle their
mother for a short time (4 to 45 days: Oftedalletl®87), otariid females generally spend
from four to 12 months nursing their offspring (&gnand Kooyman, 1986; Oftedal,
2000). Duration of lactation in the NZSL is interete between that for otariid species
which breed at high latitudes such as the Antafatiseal and those breeding at temperate
latitudes such as the Australian sea libieophoca cinerea) (Riet-Sapriza, unpublished
data). Until they are weaned, pups are largely dégeat on a milk diet provided by their
dam. Milk composition varies during the lactaticgripd but otariid species, including the
NZSL, generally produce low energetic milk compatedohocids (Oftedal, 2000; Riet-
Sapriza, unpublished data).

All otariids display similar lactation patterns (@fial, 2000). Females arrive on the
rookery to give birth and stay ashore for five tnendays post-partum. Lactating females
then start a cycle of foraging trips to sea altengawith nursing onshore (Oftedal, 2000;
Soto et al., 2004; Chilvers et al., 2005b, 2008d)e duration of these trips is highly
variable between and within otariid species andyeanfrom 3 to 28 days (Gentry and
Kooyman, 1986; Georges and Guinet, 2000). For mestatime spent at sea by lactating
females from a declining population of Steller's siens Eumetopias jubatus) was shorter
than in a stable population, being 9 and 25 haaspectively (Davis et al., 2006). NZSL

lactating females spend about 53 hours at sealhhdws ashore (Chilvers et al., 2006a).

During seasons of low productivity of the marineoggstem, fur seal and sea lion
females tend to extend their foraging trips, themefincreasing periods of intermittent
fasting of pups staying ashore (Ono et al.,, 198Hn_and Boyd, 1993; Georges et al.,
2000). For the past few decades, stochastic ewents as El Nifio Southern Oscillations
(ENSOs) have been suggested to have had devastéfteas on neonatal otariids. These
effects have been noted to include decreased powtlygrand a dramatic increase in

neonatal mortality in South American sea liotafia flavescens), Galapagos fur seals
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(Arctocephalus galapagoensis) and California sea lionZélophus californianus) (Francis
and Heath, 1991; Trillmich and Dellinger, 1991;&et al., 2004).

I\VV. Causes of mortality in pinniped pups

An understanding of the natural history of a specof interest is needed when
investigating causes of disease or death in mariammals.Due to their mode of life,
pinnipeds face pathogens from both terrestrial amarine environments. Biotoxins,
bacteria, viruses, helminths, acanthocephalangpestdzoa represent a constant challenge

to pinniped health and especially in pups withramature immune system.

IV. 1. Nature of mortality factors and individual suscetibility

IV.1.1. Natural causes of mortality and epidemics

Causes of death are commonly categorized as “Watana “non-natural”. Natural
causes include all infectious diseases, neoplasih parasitic infections whereas non-
natural or artificial causes are in general refér@ as the consequences of phenomena
exterior to the normal biology of an individualtorthe normal ecology of a species.

Studies investigating causes of death in pinniprgsscarce and there are very few
reports for otariid neonates in particular. The tivequently reported causes of pup
mortality in pinnipeds include stillbirth, starvam, trauma, hookworm and bacterial
infections(Lucas, 1899; Keyes, 1965; Mattlin, 1978; Andersbral., 1979; Baker et al.,
1980; Shaughnessy and Goldsworthy, 1990; Georgs&aimet, 2000; Soto et al., 2004).
Causes of mortality in pups differ from those reedrin older animals of the same species.
These older animals may suffer from chronic infacsi diseases, which include parasitic

pneumonia and pulmonary tuberculosis.
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Beside the usual levels of mortality, epidemic e¢gdrave led to mass mortality in some
pinniped populations (Laws and Taylor, 1957; Vedetsal., 1982; Geraci et al., 1982,
Jensen et al., 2002). Pups were generally the sussteptible age group to succumb to
these pathogens. Viruses such as phocine distermpsrand influenza virus are the agents
most frequently reported as causing mass morliiepinnipeds (Geraci et al., 1982;
Duignan et al., 1995; Jensen et al., 2002). Epidemaused by bacteria seem less frequent,
as judged by the fewer number of reports. Recumettireaks of leptospirosis have been
noted in California sea lions (Vedros et al., 193Mith et al., 1977; Gulland et al., 1996,
1999) and epidemics presumed to be du€apylobacter sp. resulted in mass mortality
events in crabeater sealsobodon carcinophagus) (Laws and Taylor, 1957) and in NZSLs
(Baker, 1999).

IV.1.2. Toxic algal bloom and environmental contiaamts

Global warming of the marine environment and EN$@ge occasionally led to toxic
algal blooms. For example, brevetoxicosis causeyynodynium breve and production
of domoic acid byPseudonizschtia australis have been associated with mass strandings and
neurological signs in all age groups of variousnped species off the coasts of Florida
and California (O’Shea et al., 1991; Gulland et2002).

Pinnipeds are also very sensitive to environmeptdlutants such as organochlorine
pesticides. These have been associated with immxiedy, carcinogenicity, growth and
developmental abnormalities of foetuses and remtimu impairment (Bleavins and
Aulerich, 1983; DeSwart et al., 1994, 1995; Beckraeal.,1999, 2003).

IV.1.3. Genetic diversity of pinniped species aigkase susceptibility

Wild populations tend to have a wide diversity ehgs related to their immune system.
This is believed to enable them to cope with enmgrgnfectious diseases (Yuhki and
O’Brien, 1990). Inbreeding has been commonly obesin isolated groups of individuals

or declining populations. This has been observe@rtoourage homozygosity of genes
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belonging to the Major Histocompatibility CompleMKC) (Bowen et al., 2004) and
probably genes for other traits. As a consequeanbegeding has been implicated to reduce
the ability of individuals in populations to devploesistance tinfectious diseases as a
result of the reduction of the genetic diversitysmall populations of otariids (Hoelzel et
al., 1999; Acevedo-Whitehouse et al., 2003a; Lesttal., 2003; Bowen et al., 2004).
However, correlation between clinical susceptipilitf individuals, as assessed by their
health condition or natural immune responses, &ed jenetic profile has never been
clearly demonstrated. The only research investigaguch a relationship was conducted in
California sea lions: it appeared that pups homomggfor a particular gene were
predisposed to die from anaemia when infected tatbkworms (Acevedo-Whitehouse et
al., 2006).

IV. 2. Viral infections

For the past two decades, advanced studies oresilinsmarine mammals, including
pinnipeds, have characterized viral agents causnmags mortalities. Morbilliviruses,
herpesvirus and influenza virus have caused majdeeics and high mortality in phocids
(Geraci et al., 1982; Duignan, 1994; Harder et1896; Van Bressem et al., 1999; Jensen
et al., 2002). In contrast, there have been nortepd diseases caused by these viruses in
otariids, despite serological evidence of exposonghocine herpesvirus (Type 1 and 2) in
the northern fur seal and Steller’'s sea li&@un(etopias jubatus) (Osterhaus et al., 1987;
Zarnke et al., 1997), suggesting that herpesviresesilate in the marine environment
worldwide. Only a few studies have focused on agjated susceptibility to viral infections
and it appeared that in harbour and grey seals wape more severely affected by phocid-
herpesvirus Type-1 than juveniles and older aninidErder et al., 1997; Martina et al.,
2002). This does not contradict the finding thatrbbar seal pups were fully
immunocompetent at birth (Ross et al., 1994), sitnee later study referred to humoral
immunity associated with viral infections in gerlerwhereas protection against

herpesviruses infection is largely mediated by utatl immunity (Schmid and Rouse,
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1992). As there are no such studies for otariidecked with viruses, it can only be
speculated that fur seal and sea lion pups arly likédbe the most susceptible to viruses.

Only the following two viruses, seal pox and Sargiil sea lion viruses, have been

reported to cause clinical disease but not deatitainid hosts (Kennedy-Stoskopf, 2001).

IV. 2. 1. Seal pox

Seal pox has been commonly observed in a wide rahg&niped species including
otariids. There are several reports in pups anénies in rehabilitation centres and in
captivity (Wilson and Poglayen-Neuwall, 1971; Witset al., 1972; Osterhaus et al., 1990).
Poxviruses cause nodular hyperplastic proliferatikim lesions on the head and flippers
(Wilson and Poglayen-Neuwall, 1971; Wilson et 80872; Kennedy-Stoskopf, 2001). Most
animals make a full recovery, usually in four tg sieeks, but clinical signs may last for

several months (Gage, 2003).

IV. 2. 2. San Miguel sea lion virus

This calicivirus cannot be distinguished from theus that causes vesicular exanthema
in swine. Several serotypes of calicivirus havenbdecumented in pinnipeds and the
opaleye fish is believed to be a reservoir for ¢tin in California sea lions (Smith and
Boyt, 1990; Barlough et al., 1998). Clinical sigae generally benign and infection is
characterized by mild self-limiting vesicular skilisease on the flippers (Smith et al.,
1998). A serological study showed that Califorrea fon pups had neutralizing antibodies
to one or more serotypes by four months of age (€dy-Stoskopf et al., 1986). Ongoing
exchange of serotypes between terrestrial and mam@servoirs could facilitate the
development of humoral immunity to the various sgres in pups. Given the limited
pathogenicity of caliciviruses in pinnipeds, inteesstudies do not seem warranted for this

virus at this stage.
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IV. 3. Bacterial infections

Bacterial infections are common in pinnipeds, immg a wide range of opportunistic
and potentially zoonotic micro-organisms such Basicella spp., Leptospira spp. and
Mycobacterium spp. (Smith et al., 1974b; Sweeney and Gilmar@®74] Stroud and Roffe,
1979; Baker and McCann, 1989; Johnson et al., 1D88nton et al., 1998; Higgins, 2000;
Hernandez-Castro et al., 2005). Despite the coatindevelopment of diagnostic
techniques, it remains difficult to quantify thde@f bacterial diseases causing mortalities
in wild marine mammals. Susceptibility to bacteii#ections could be influenced by the
host species (Thornton et al., 1998). Age class iamdune status are also likely to
contribute; however, there are no studies investigahese two latter factors in particular.
As for viral epidemicsgee Section IV.2), neonates and older debilitated afsnare more

likely to die from bacterial infections.

IV. 3. 1. Leptospirosis

Leptospirosis is a widespread bacterial diseagdéanmarine ecosystem and has been
associated with several epidemics in wild Califarrsea lions along the Oregon and
California coasts (Vedros et al.,, 1971; Gullandaket 1996; Acevedo-Whitehouse et al.,
2003b). The aetiological agent was identifiedLaptospira interrogans, with the main
serovars being Pomona and Har{fgulland et al., 1996; Godinez et al., 1999). Exwke
indicates that.. interrogans serovar Pomona is endemic in the California saa kausing
recurrent outbreaks every three to four years @adllet al., 1996). Commonly observed
clinical signs of leptospirosis include depressiabgdominal pain and fever. Reproductive
failure induced byLeptospira sp. was demonstrated in California sea lions, afibrtions
and multiple haemorrhages observed in foetusesatsmdneonates (Smith et al., 1974a).
Lesions are generally found in kidneys and lived apirochetes have been seen on silver-

stained histological preparations of kidneys (Dehal., 2001; Gage, 2003).
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IV. 3.2. Tuberculosis

Mycobacterial infections have been diagnosed iml \&id captive pinniped species of
the Southern Hemisphere, including the NZSL, thev[dealand fur seal, the Australian fur
seal @Arctocephalus pusillus pusillus) and the Australian sea liorNg¢ophoca cinerea)
(Forshaw and Phelps, 1991; Cousins et al., 19933;20/oods et al., 1995; Roe et al.,
2006). Characterization of isolates Mf/cobacterium spp. from pinnipeds of the Southern
Hemisphere by spoligotyping (a technique of DNAg&mprinting, Kamerbeek et al., 1993)
showed them to be a novel member of Kygcobacterium Tuberculosis Complex. The
nameMycobacterium pinnipedii sp. nov. was proposed for this species found irtralian
pinnipeds (Cousins et al., 2003). Whether the iediamm the NZSL (Roe et al., 2003) is

the same species remains to be determined.

It seems that older animals are most likely to sode to tuberculosis. However,
mortality subsequent to mycobacterial infection waported in captive juvenile New
Zealand fur seals and in an Australian sea liort kephe same facility, suggesting that
younger animals are also susceptible (Forshaw dmep® 1991). The occurrence of
tuberculosis in this case was more likely to be thu¢he introduction of infected wild
animals rather than an indication of age differenge disease susceptibility per se.
Although anorexia is the main presenting cliniaghs lung infection is almost invariably
observed at necropsy, which suggests that pathtigasmission occurs via inhalation
(Dunn et al., 2001). Mycobacterial infections ofpttee and wild animals represent a
zoonotic risk (Forshaw and Phelps, 1991; Thomps$ah ,€1993).

IV. 3.3. Salmonellosis

Salmonellosis is primarily a gastrointestinal dssgacharacterized by lethargy, diarrhea
and hemorrhagic enteritis in pinnipeds (Dunn et2001; Gage, 2003). However, systemic
salmonellosis has also been occasionally diagnfldediard et al., 1983). Infection with
Salmonella spp. has been reported on at least one occaslos aosignificant cause of pup
mortality in the northern fur seal in Alaska (Jatin and Milner, 1958). Most reports of
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salmonellosis in pinnipeds only refer to sporadases (Stroud and Roelke, 1980).
Salmonella has been isolated from the faeces of clinicallymedrpups, e.g. northern fur
seal and California sea lion pups on San Migueanidlin California (Gilmartin et al.,

1979).

Various serotypes oBalmonella enteriditis, including Heidelberg, Cerro, Enteritidis,
Newport and Typhimurium have been isolated fromriiole worldwide (Cordes and
O’Hara, 1979; Gilmartin et al., 1979; Vedros et, a@l982; Palmgren et al., 2000).
Pathogenicity ofSalmonella sp. serovars are known to vary and this may infleethe
occurrence of disease in otariids. In additiorsgems that serotypes isolated within the
same population differ between years. This coultexglained by the fact that pinniped
migratory patterns lead them to inhabited coastseres they can become infected with
different Salmonella serotypes. Indeed, similarities between serotypekated in humans
and wild animal species suggest that contaminaifoine marine environment by human
waste is a possible source of infection for marnr@nmmals (Smith et al., 2002; Fenwick et
al., 2004).

IV. 3.4. Brucellosis

There is limited data available on the prevalentelimical brucellosis and on the
pathobiology of Brucella spp. infection in pinnnipeds. It has been assodiatgth
reproductive disorders in marine mammals (Dunnl.e2801). There is strong serological
evidence that brucellosis was geographically wickses in pinnipeds, with most reports in
phocids (Foster et al., 1996; Nielsen et al., 2@4rner et al., 1997; Jepson et al., 1997).
Clinical disease due tBrucella spp. has not been diagnosed in marine mammals from
Australia or New Zealand (Duignan, personal commation). However, there has been
evidence of exposure of the New Zealand Hectorlptdos (Cephal orhynchus hectori) to
this agent (Duignan, personal communication). Dasgg of brucellosis in wild animals is
not simple as culture conditions and media usedidolation of the bacteria strongly
influence the outcome of the investigation (Milegral., 1999). Serology is easier to apply

as a diagnostic test but is not very specific ansge. More recently, immunoassay

23



technigues have been suggested to be a more esti@gnostic method (Gall et al., 2000)
but these have not yet been generally used inestuadi pinnipeds.

IV. 3.5. Campylobacteriosis

Campylobacteriosis is a potential zoonotic diseas®Campylobacter spp. have been
isolated from stranded pinnipeds (Broman et alQ02@-oster et al., 2004; Stoddard et al.,
2005). However, in these animals, there was limitéormation to correlate the pathogen
with clinical diseaseCampylobacter spp. were incriminated as the cause of mass ntgrtali
in NZSLs in 1997/1998 on the Auckland Islands. Ehdsaths were characterized by acute
septicaemia causing necrotizing vasculitis and lmadrmagic pneumonia. Similar lesions
were observed in a stranded New Zealand fur sealfahowing year (Duignan et al.,
1999). Although preliminary genetic analyses sutggkeshat the strain isolated in NZSLs
could be related t@€ampylobacter mucosalis (Stratton and Duignan, unpublished), there
was insufficient evidence to definitely show thhistbacterial organism was causing this

disease.

IV. 3.6. Miscellaneous bacterial diseases

A variety of other bacterial agents have been acnatly isolated from pinnipeds and
implicated as possibly causing disease. Respiratmgases predominate in post-mortem
diagnoses of stranded pinnipeds. In general, batgeneumonia was caused by Gram
negative bacteria such &seudomonas aeruginosa, Escherichia coli and Klebsiella spp.
but Staphylococcus aureus was also frequently isolated (Sweeney and Gilmadi4;
Dunn et al., 2001; Gage, 2003). As expected, @insigns included coughing, dyspnea,
tachypnea and depression. There are limited repbtiacterial gastrointestinal diseases in
pinnipeds apart from salmonellosis (see 1V.3.3) Axtemolytic E. coli (Diamond et al.,
1980). Bacterial skin diseases are in most casamdary to viral infections (for example
seal pox virus); to trauma; or to external parasfizunn et al., 2001). Cutaneous abscesses

are very common in pinnnipeds, and are usuallyctdyre@ssociated with biting and fighting
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during the breeding season (Baker and McCann, 18&@}eria isolated from these lesions

include Streptococcus spp.,Saphylococcus spp.,E. coli andProteus spp.

IV.4. Klebsiella spp. infections

IV. 4.1. Distribution and hosts

Klebsiella species are ubiquitous in both terrestrial and meanvironments. In
humans K. pneumoniae has often been associated with high morbidity arwitatity in
hospitalized patients (Pefia et al, 1998; Lebesal, &002; Ben Hamouda et al, 2003). It is
the second most frequent Gram-negative pathogesintanosocomial septicaemia in

humans (Hansen et al, 1999).

Klebsiella species have been commonly cultured from assoriggtnial tissues in
marine mammals (Stroud and Roffe, 1979; Vedros.el@82; Baker and McCann, 1989;
Herndndez-Castro et al., 2005) and in a large rafigeild birds, reptiles and terrestrial
mammals (Enurah et al., 1988; Bartoszcze et a@Q;1@sawa et al., 1992; Aguirre et al.,
1994; Dubay et al., 2000; Montgomery et al., 208&sele et al., 2005). Y,eKlebsiella
species do not seem to have been reported to laased mass mortality in a wild animal

population.
IV. 4.2. Cross-reactivity betwedfiebsiella serotypes

Serotypes ofKlebsiella species result from the variable combination of scigr
polysaccharides (or K-antigens) and type-O lipopatgharides (or O-antigens) (Cortés et
al., 2002). At present, 77 different K-antigens atdleast nine O-antigens have been
recognised (Hansen et al., 1999; Cortés et al.2R@uch antigenic assortment has been
applied in serology to identify serotypes foKkebsiella species. However cross-reactivity
between serotypes has been reported for a few ded@tyz et al., 1986; Sechter et al.,
2000). Classical serotyping techniques, includindirect immunofluorescent antibody

(IFA) and Western Blot (WB) have described and thest commonly used will be
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discussed in section V.1. The existence of croastngty between K-antigens and of non-
typeableKlebsiella strains (Fung et al., 2000) makes serotyping diffitco perform and
interpret. However, a recent molecular serotypirgghod involving PCR-amplification of
genes encoding for capsular antigens appears tocalbe to avoid cross-reactions

encountered with non-specific serotyping techniqiesse et al., 2004).
IV. 4.3. Variations in pathogenicity

The pathogenicity ofKlebsiella pneumoniae seems to depend on the degree of
encapsulation of the bacteria. Indeed, both expariat studies and clinical observations
have shown that only “heavily” encapsulated strah4. pneumoniae were pathogenic
(Jackson et al., 1980; Kikuchi et al., 1987; Postall., 1988; Lawlor et al., 2005).

IV.4.4. GenotypindKlebsiella species

Various genotyping methods have been used Mihsiella spp. including pulsed-field
gel electrophoresis (PFGE) (Hansen et al.,, 2008)pliied fragment polymorphism
analyses (Jonas et al., 2004) and randomly anglffedymorphic DNA analysis (Wong et
al., 1994). PFGE is the most widely used of thesartiques (Gouby et al., 1994; Pefa et
al, 1998). These genotyping methods are now largelgferred to serotyping to
discriminateKlebsiella pneumoniae strains during outbreaks. However, these methoels ar
not considered appropriate for investigating thiateelness between geographically and
temporally separate isolates. In this case, made@drotyping techniques appear to be the

most reliable option (Brisse et al., 2004).
IV.4.5. Lesions associated wikiebsiella pneumoniae

Post-mortem lesions induced Ky pneumoniae are very variable and can be found in a
wide range of organs in numerous host species {@ileal., 1974; Bonney et al., 1978;
Jackson et al., 1980; Ling and Ruby, 1983; Timoetwl., 1983; Solleveld et al., 1984;
Enurah et al.,, 1988; Coletti et al., 200K. pneumoniae was reported to cause
haemorrhagic enteritis in rabbits (Coletti et @001) and gastroenteritis and suppurative
pneumonia in chinchillas (Bartoszcze et al., 1990)is pathogen was also isolated from
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lesions of the respiratory system (Bonney et &781 Enurah et al., 1988), urogenital tract
(Ling and Ruby, 1983; Timoney et al., 1983) angrgeal air sacs of animals (Giles et al.,
1974). It is also known to be involved in septithatis in human neonates (Abuekteish et
al 1996; Ryckewaert and Bardin 1996; Kao et al 2008 cellulitis in an
immunocompromised man (Park et al., 2004) andver labscesses of diabetic patients
(Lau et al., 2000). However, becalwdebsiella species are ubiquitous pathogens, these can

be cultured from multiple organs, without necedgaausing disease.

IV.5. Parasitic diseases

IV. 5.1. Review of parasites found in pinnipeds

A vast range of parasites has been described mpa&ds. In general, the life cycle of
parasites infecting marine mammals are not very dedumented. Most reports are from
necropsy findings. Although parasitic diseases @ten secondary to bacterial or viral
diseases, some parasites may cause major heatbmsoin their pinniped hosts, especially

when taking advantage of debilitated animals orrdlog&ery.

Mites (includingDemodex spp.,Sarcoptes spp.,Orthohalarachne andHalarachne spp.)
and lice (e.g.Anoplura spp.) are ectoparasites of pinnipeds (see Tabl¢ The
pathological role of these parasites is a functodntheir numbers but can consist of
anaemia, pruritis and alopecia (Lauckner, 1985;e:2§03). Transmission of mites and

lice generally occurs by close contact between alsrfGage, 2003).

Apicomplexans Eimeria spp., Sarcocystis spp., Toxoplasma gondii) and flagellates
(Giardia spp.) have been reported from phocids and otafBdswn et al., 1974; Bishop,
1979; Migaki and Albert, 1980; Olson et al., 19®9&ng et al., 2000). Apicomplexans do
not seem to play a considerable pathological mlearasitic infections of pinnipeds (Table
1.2) except fofT. gondii (Van Pelt and Dietrich, 1973; Migaki et al., 19&f)d Eimeria

phocae in phocids (Hsu et al., 1974).
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Host/ Effect(s) on

localisation health References
Mites Demodex spp. phocids and 23:55;;?; Lauckner
Sarcoptes spp. otariids/ skin offect (1985)
Nasal Orthohalarachne otariids / nares,
. nasopharynx, )
mites spp. airways, lungs  snheezing,
_ nasal Gage (2003)
phocids / nares,  gischarge
Halarachne spp. nasopharynx,
airways, lungs
. pruritis,
Lice Anoplura spp. 0%22%2/3 :kr:g alopecia, Gage (2003)
anemia

Table 1.XEctoparasites most frequently reported in pinnipeds

Helminths include nematodes (“round worms”), tremdas (“flukes”) and cestodes
(“tape worms”). In addition, pinnipeds are alsoected with acanthocephalans (“thorny-
headed worms”). There is a vast diversity of hetmispecies infecting pinnipeds and the
combination of both morphological description andlesular analyses continue to refine
the taxonomy in this area, especially with anisaKidelyamure, 1955; Paggi et al., 1991,
Mattiucci et al., 1997). Table 1.3 summarizes trestrirequently reported helminths and

acanthocephalans in pinnipeds. The only endopasasitcurring in pinniped pups are the

nematode&)ncinaria spp., found in their small intestines.
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62

Host/ localisation  Effect(s) on health References
Apicomplexans Eimeria phocae ?du“ _phomds/ large severe colitis Hsu et al. (1974)
Intestine
Eimeria spp. fidult _otarnds /large  no report of pathogenic Drozda (1987)
intestine effect
adult phocids and 10 report of pathogenic Brown et al. (1974),
Sarcocystis spp. otariids/ skeletal effectp painog Bishop et al. (1979),
muscles Migaki and Albert (1980)
?:;Jgsa?gdrgtimﬁ myocarditis, necrotic ~ Van Pelt and Dietrich
Toxoplasma gondii PO eions in liver, stomach, (1973), Migaki et al.
a 10 day-old captive
) lymph nodes (1977)
pup)/ myocardium
adult phocids Olson et al. (1997),
Flagellates Giardia sp. i P unknown Measures and Olson
intestines

(1999), Deng et al. (2000)

Table 1.2Protozoan parasites most frequently reported inipéads.



Host /
localisation

Effect(s) on health

References

Gastrointestinal tract

otariid pups (rare

high pup mortality

Olsen and Lyon

Nematodes Ancylostomatidae Unci naria Il_Jcas, in phocid pups)/ (haemorrhagic (1965)
U. hamiltoni . - .
small intestine enteritis) Keyes
(1965)
Anisakis, .
L Contracaecum, adul_'g phocids and gastric ulcers and  Spraker et
Anisakidae otariids/ stomach
Pseudoterranova, . . nodules al. (2003)
. . and intestines
Phocascaris species
. Delyamure
Galactosomum sp., adul_t_ phocids and no report of (1955).
Trematodes Pricetrema s| otariids/ athogenic effect i
P- intestines p 9 Dailey and
Brownell
occasionally (1972)
adult phocids and obstruction of Lauckner
Cestodes Diphyllobothriumspp.  otariids/ intestinal lumen in (1985)
intestines captive pinnipeds
only
; b
adult phocids
Acanthocephalans Corynosoma spp. and o?ariids / poorly documented
large intestine
Cardiorespiratory system _ _ juvenile phocids pneumonia Lauckner
Filaroides and otariids/ (common in (1985)
Nematodes Filaroididae (Parafilaroides) spp. lunas stranded
9 animals)
. . . anorexia,
juvenile phocids .
only/ major c_|epres_S|0n, Gulland et al.
Crenosomatidae O_tostro_ngylus airways, t_:ilssemlnated (1997)
circumlitus intravascular
pulmonary artery .
coagulation,
and heart
death
Acanthocheilonema
(= Dipetalonema)
odendhali, A. : .
) ’ adult phocids anorexia,
Filariidae spiraucoda, and otariids / dyspnea, Gage (2003)
Dirofilaria immitis heart, lungs coughin
(canine heartworm, ' ghing
captive pinnipeds
only)
Liver and biliary ducts ] moderate,
Trematodes adult phocids thickened biliary
Zalophotrema and otariids / ducts and Gage (2003)
hepaticum liver, biliary possible
ducts obstruction in
old animals

Connective tissue

Nematodes

Cestodes

Dipetalonema
odendhali

plerocercoids of
Phyllobothrium spp.

adult phocids and
otariids/
intermuscular
fascia

adult phocids and
otariids/ blubber

no report of

pathogenic effect

no report of

pathogenic effect

Gage (2003)

Dailey (1975)

Table 1.3Helminths and acanthocephalans most frequentlyrteghan pinnipeds.
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V. 5.2. Lungworm pneumonia

It is common to find lungworms in adult pinnipedsacropsy (Sweeney, 1974; Gerber
et al., 1993) but juveniles are particularly semsito parasitic pneumonia (Sweeney, 1974;
Dailey, 2001; Gage, 2003). It has been suggestadhis could be linked to the nutritional
stress experienced by weanlings. At this age, siwgich from a milk diet to live prey that
are intermediate hosts to a diverse range of pasasincludingFilaroides spp. and
Otostrongylus spp. These parasites have an indirect life cyctk feash harbour infective
larvae in their abdominal muscles or cavity (Anders2000). The success of these first
foraging trips is very variable and some lungwormmay become pathogenic in
malnourished animals (Gerber et al., 1993). Clingigns of lungworm disease resemble
those described in bacterial pneumonia (see IV.®&strongylus circumlitus has been
reported to be highly pathogenic in stranded yegréind juvenile northern elephant seals
(Gulland et al., 1997).

IV. 5.3. Gastric nematodes causing ulceration

Similarly to lungworms, large roundworm infestaoare a very common finding in
pinniped stomachs at necropsy (Sweeney, 1974; Ya&@1; Gage, 2003). Both larval and
adult stages can be found at the same time, suiggebat there is an ongoing infestation
from the ingestion of intermediate hosts. Gastamatodes, includinGontracaecum spp.,
have been associated with the presence of hedltegstand parasitic nodules in stomachs
of subadult northern fur seals (Spraker et al.,320Blowever, more severe lesions of
ulceration have been frequently noted in debildaa®d malnourished individuals. Other
signs in these animals included dehydration, anaeamd more rarely gastric perforation
by nematodes, leading to peritonitis (Ridgway et E75; Lauckner, 1985; Spraker et al.,
2003).
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IV. 5.4. Hemorrhagic parasitic enteritis

Pinniped pups (mainly otariids and occasionally qitie) are infected with the
hookwormUncinaria spp. Lesions associated with hookworm diseaseeasewariable but
usually include hemorrhagic enteritis and anaeriayés, 1965; Brown et al., 1974;
Lyons, 1963).

IV. 6. Hookworm infection in pinniped pups

IV. 6.1. Uncinaria species and their pinniped hosts

The hookwormgAncylostoma spp.,Necator spp.,Bunostomum spp. andJncinaria spp.
infect a vast range of mammalian hosts, includingnans (Anderson, 2000). They belong
to the family Ancylostomatidae. The only mode @nsmission documented so far is the
transmammary route (Olsen and Lyons, 1962). Thegsome up to two cm and have a
direct life cycle. Adults anchor themselves deeo ithe small intestinal mucosa. As for
Bunostomum spp., hookworms of the genUsicinaria have a buccal capsule equipped with
two cutting plates (Anderson, 2000). There is auaéxlimorphism and males are usually

smaller than females.

The control of hookworms in otariid pups by anthialiic drugs has been investigated
on several occasions in northern fur seals (Lyaras.£1978, 1980; Bigg and Lyons, 1981;
Beekman, 1984). These studies aimed at findingaatisel management tool to reduce
hookworm-induced mortality in young pups, in thesetuality of the decline of otariid
populations in Alaska (Lyons et al., 1978). Dichios, disophenol and ivermectin were
tested at variable concentrations and formulatinshlorvos seemed to be more effective
than disophenol in removing adult hookworms fronpgiuntestines (Lyons et al., 1978,
1980; Bigg and Lyons, 1981). Transitory sign ofitosis consisting of diarrhoea was
observed in a few pups treated with dichlorvos flsg/et al., 1980). The use of ivermectin

in northern fur seals was reported in one studyclkwling it was highly efficacious to

32



remove adult hookworms. However, there was no métion on its effect on tissue larvae.
Based on studies conducted in dogs and other dmn@ashivores, ivermectin seems likely
to be similarly effective against adult and larnsihges of hookworms in otariid pups
(Campbell, 1989).

Only two hookworm specie$/ncinaria lucasi Stiles andUncinaria hamiltoni Baylis,
have been described from otariids (Stiles, 1903/i8a1933, 1947). However, hookworms
with intermediate morphotypes have been reportedh fpinniped hosts (Baylis, 1947;
Olsen, 1952; Dailey and Hill, 1970; Nadler et &000), suggesting that additional
biodiversity may be present but as yet uncharasdriln contrast, some authors have
tended to confine the number Bihcinaria species infecting pinniped hosts to only the
existing two, by naming subspecieslbfhamiltoni (Botto-Marie and Garzon, 1975) or to a
single onel. lucasi (George-Nascimento et al., 1992). Taxonomyno€inaria species in
pinnipeds requires further clarification and molacuanalyses of the parasitic genome
combined with morphometric descriptions of specisngimould contribute to this enterprise
(Nadler et al., 2000Prior to the present research, there were no repdihookworms in
NZSLs and these parasites were reported only omcdew Zealand fur seal pups in

Australian waters (Beveridge, 2002).

Despite a single report of adult hookworms in thestines of one Steller's sea lion
(Eumetopias jubatus) sub-adult male (Olsen, 1958), all other repodsehdescribed the
infection with adult parasites almost exclusivelyotariid pups (Lucas, 1899; Lyons, 1963;
Dailey, 1975).

IV. 6.2. Hookworm life cycle

The life cycle ofUncinaria lucasi has been fully described in northern fur seals by
Lyons (1963) and Olsen and Lyons (1962, 1965) a@n Rhbilof Islands (Alaska). The
transmammary route was then described as the miadeation in fur seal pups, with
infective larvae being ingested through the colostito nursing newborns. Maturation of

larval stages to adult parasites then takes pladba small intestine of the pup. This is
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similar to the development dfncylostoma caninum in dogs following colostral intake
(Burke and Roberson, 1985; Anderson, 2000). TheeafdJ. lucasi was divided into three
parts: (1) the free-living phase, with eggs devilgpnto third-stage larvae §).in the soil;

(2) the tissue phase, with parasiti¢ flound in the hosts’ tissues; and (3) the intestina
phase, with the ingestion of parasitig In the first milk and development into adult
hookworms in the intestines of pups. It has notbgsin established whether percutaneous
infection can result in mature adult parasiteshmintestines of any animal infected by this
route. Indeed, although infective larvae have bfemd in the ventral and abdominal
blubber of older pinnipeds on the rookery, inclgdiactating females (Lyons, 1963), no
adult hookworms were seen in their intestines. ifnebly this is mostly likely to be
because of some immunity acquired following nednafaction with Uncinaria spp. The
characteristic transmammary transmission discovieyeldyons (1963) in northern fur seals
was also reported fddncinaria spp in Juan Fernandez fur seals (Sepulveda andnalca
1993) and in California sea lions (Lyons et al.0@%). Several additional studies have
compared measurements of larvae found in diffetisaties from animals of various ages
(Olsen and Lyons, 1965; Lyons and Keyes, 1978; Bega and Alcaino, 1993; Lyons et
al., 2003). Larval sizes varied considerably dependn both the host’'s age and the tissue
sampled, with larvae from the mammary glands ofalany females being longer than
those found in the blubber of other adult fur seBkscovery olUncinaria spp larval stages
from the soil revealed that free-living hookworrg Wwere ensheathed, were shorter than
those found in the host's tissue (Olsen and Lydi865; Lyons et al., 2000b) and
sometimes could survive the winter temperaturenerrookery in Alaska (Olsen, 1958).

IV. 6.3. Uncinariosis in pups

Hookworms have been associated with clinical des@&asiorthern fur seal pups (Keyes,
1965; Kato, 1997; Lyons et al., 2001) and in Califa sea lion pups (Lyons et al., 2001).
In contrast, infestation of Juan Fernandez fur amdlSouth American sea lion pups did not
show any pathological changes at necropsy desmteresence of hookworms (Sepulveda
and Alcaino, 1993; Berdn-Vera et al., 2004) althodge burden reported in these two

studies were relatively low.
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In terrestrial mammalian hosts, hookworm diseaseharacterized by iron-deficiency
anaemia, malabsorption and lethargy as reportedogs and humans (Pitchumoni and
Floch, 1969; Prociv, 1997; Hotez et al., 2004).Spathological changes are the results of
the feeding mechanisms of hookworms and the lcaialadye and bleeding they cause in the
intestines (Garside et al., 2000). In pinnipedsiples associated with hookworm disease are
very variable but usually include hemorrhagic ati,eand anaemia (Keyes, 1965; Brown
et al., 1974; Lyons, 1963).

In domestic carnivores, the young are more atofgktestinal helminth infections such
as hookworm disease, than older animals (Milleg51% oukas and Prociv, 2001; Fujiwara
et al., 2006). It seems that older animals haveuieed a solid level of immunity to
hookworms after repeated infections. Clinical egpren of natural immunity to
Ancylostoma caninum in dogs consists of reduced egg counts and lowerbers of adult
hookworms in the intestines (McCoy, 1931; Kerr, @93 here are no studies investigating
immune response to hookworms in pinnipeds but likedy that animals older than pups
acquire such immunity after reinfection withncinaria spp. larvae on the rookery. It is not
known how many times pinniped hosts need to be@mntact with larval antigens to develop
resistance to hookworm infection but in generalsagems that immunity to parasites in
general (either larval stages of helminths or adatbparasites) takes longer to establish
compared to immune responses to viral and baciaefedtions (Banks, 1982; Morein et al.,
2002). Chapters 3 to 6 are dedicated to studiegvimg hookworms in New Zealand sea
lion pups.

IV.7. Mycotic diseases

There have been few reports on mycotic infectiamd their clinical manifestations in
pinnipeds. In captivity, mycoses were diagnoseapparently healthy adult animals and
fungi were cultured from only a small percentagenebnates (Reidarson et al., 1999).
Various species of pathogenic and non-pathogemigifbhave been recorded affecting a
wide range of tissues, mainly the lungs and skiwe@hey, 1974; Vedros et al., 1982,
Migaki and Jones, 1983; Fauquier et al., 1996; IGudt al., 1998). Clinical signs are non-
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specific and pathogenicity of fungi is extremelyighle. Biopsy and culture remain the
most reliable methods to diagnose mycotic infe&ionpinnipeds (Reidarson et al., 1999).

V. Immunology in pinniped pups

V.1. Serological surveys in pinnipeds

Bacterial isolates in free-ranging pinnipeds inelidwide variety of opportunistic and
potentially zoonotic micro-organismseé Section 1V.3). Given the increasing risk of
transmission of such pathogens to humans (Harvedll.e 1999) and reciprocally from
terrestrial sources to marine animals (Grimes, 19®drvell et al., 1999; Stoddard et al.,
2005), surveys have been conducted in wild andbibtaded pinnipeds to monitor the
prevalence of different bacteria and viruses preserthe marine ecosystem and this is

commonly undertaken using serological techniques.

Some care has to be taken in interpreting resuftsnwusing serological techniques
adapted from domestic animals to pinnipeds as anfgw studies have characterized
pinniped Igs (Cavagnolo and Vedros, 1978; Cartealgt1990). They have shown that
these were generally of a similar size and strectarother mammalian immunoglobulins.
Hence it is reasonable to predict that most tealgsqused in other mammals could be

adapted to use in pinnipeds.

When studying bacterial strains in wild pinnipedoplations, the Western Blot (WB)
method presents several advantages compared tosetfogliagnostic techniques. Antigens
of infectious organisms are immobilized on a sqlichse and the test serum probes these
directly. The presence of pinniped antibodies aggped on antigenic particles is revealed
after incubation with a combination of enzyme/cgajie (staphylococcal protein A and/or
streptococcal protein G) reagent and the correspgrsilibstrate/chromogen reagent. Other
techniques such as ELISAs require more effort terd@ne and validate cut-off values and

may also depend on the degree of antigen puritgridde et al., 2001; King et al., 2001).
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Probably the main advantage in using WB is thatldes not require a cut-off to be
determined and results of the test are easiertéopiret (Priest et al., 2001). However, WB
remains more difficult to apply to a large numbesamples and less sensitive than ELISA.
There are also likely to be issues with cross-re#gtbetween serotypessde Section
IV.4.2). An alternative to serology is to searchedtly for the presence of organisms, its
DNA, or its antigens.

V. 2. Passive transfer of immunity in pinnipeds

V.2.1. PlacentaVersus colostral transfer

Passive immunity in mammals is transferred befartd through the placenta and post-
partum through colostrum for a short period of tinealy. Pinnipeds have an
endotheliochorial placenta like many carnivoresuding dogs (Dierauf et al., 1986; Carter
and Enders, 2004). In such animals, transfer of Vigsthe colostrum is expected to
predominate over prenatal transfer, as endothaiwahplacentas are impermeable to Igs
(Tizard, 1987). In a first study in southern elgphaeals, Marquez et al. (1995)
hypothesized that transfer of all IgGs occurredntyabefore birth as none were detected in
the milk throughout the whole lactation period. Hmer, in a later study, after they had
refined their technique, the authors then foundtbat all classes of Ig (G, M and A) were
present in the milk but IgG was the predominanetinpem birth to the end of the lactation
(Marquez et al., 2003). This suggests that transfdgs through colostrum is possible.
Numerous studies support the evidence that colosiglthe major source of IgG in
pinniped pups for the species so far studied (harBeals: Ross et al., 1993, 1994; grey
seals: Carter et al., 1990; northern fur seals:agaolo and Vedros, 1979; northern
elephant seals: King et al.,, 1998; southern eleplsmals: Marquez et al., 2003).
Nevertheless, the levels of Igs in serum of sugkbmniped pups (Carter et al., 1990; Ross
et al., 1994; Beckmen et al., 2003) were genefallyer compared to terrestrial species

such as canids (10-20 mg/ml, Foale et al., 2003).
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V.2.2. Absorption of maternal IgGs by the newborn

Absorption of Igs from the colostrum in pinnipedsgumably only occurs for a limited
time as for other mammalian neonates (Casal et296). Intestinal closure is complete by
25 hours post-partum in bovine calves and felinteis (Bush and Staley, 1979; Stott et
al., 1979; Casal et al., 1996). After the phasalmdorption, levels of maternal Igs may

decline more or less rapidly, depending on theispec

V.2.3. Factors influencing the passive transfeigs

There are various factors that can potentiallyuerfice passive transfer of Igs to
pinniped neonates. Inexperience of the dam has fieggested to negatively affect transfer
of immunity in pinnipeds. Indeed, northern fur s@aips born to young females were
reported to have lower Ig levels compared to pdpsder females (Beckmen et al., 2003).
On the other hand, in a study with bovine spediasas reported that the levels of IgGs in
calves’ serum was lower in lactating females or distriction, even though there was no
difference in 1gG levels in the colostrum (Houghakt 1990). This suggests that restricting
the diet of pinniped lactating damse¢ Section Ill.1) may influence the absorption of
maternal Igs in the young. However, there are ndiss investigating the influence of such
a factor on passive immune transfer and on absorpdf colostral Igs by pinniped

neonates.

V.3. Immunocompetence of pinniped pups

Pups, like other mammalian neonates, benefit froatemal immunoglobulins for a
limited period of time (Banks, 1982). Meanwhile yheave to develop their own specific
immune response to environmental pathogens. loigstiliseases endemic to a population
tend to affect neonates when they are no longdegied by maternal Igs and while their
immune system is still functionally immature (Moreet al., 2002). In addition, innate

deficiencies in the immune system of mammalian agEmand other causes of impairment
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of cellular immunity have been reported to diminiskir immune response (Winter et al.,
1983; Holan et al., 1991; DeSwart et al., 1994) aAnsequence, maternally acquired Igs
are crucial for pinniped pups to cope with theivimnment soon after birth; yet this

protection is only temporary.

There are no techniques available to discriminas@emally-derived from innate Igs
but it is possible to monitor the fluctuations aérem antibodies in neonates after
experimental challenge of their immune system bgciaation against bacterial and viral
pathogens (Spencer and Burroughs, 1992; Ross, d1984; Beckmen et al., 2003). Using
this method, it was demonstrated that pinniped atsnare capable of developing a rapid,
strong and highly specific humoral immune respofi®dess et al., 1994; Beckmen et al.,
2003). Harbour seal newborns even showed a strargijetar immune response to rabies
antigens than dog and cat neonates (Ross et a&4).2@\part from studies using
vaccination, there is no information on the abibfyyoung pinnipeds to mount an immune

response towards infectious antigens.
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Conclusion of the literature review

The NZSL is an endangered species, endemic to Neala@d and breeding almost
exclusively on the Auckland Islands. The populatisrdeclining and the occurrence of
three seasons of mass mortality (in 1997/1998, 2002 and 2002/2003) may have
seriously compromised their chances of recovery.

All pinniped neonates depend on their dams to saruntil weaning, which occurs
later in otariids than in phocids. In fur seals as®&h lions, lactating females alternate
between short foraging trips and nursing perioti®ees Pups left unattended become more
at risk of starvation and trauma. In the meantimgccess of feeding at sea may be

influenced by climatic fluctuations known as El NiSouthern Oscillations.

Stillbirth, starvation, trauma and bacterial infens are the most frequent natural
causes of death reported in pinniped neonates. \Mooks are also noted to play a role in
neonatal mortality of otariids. In addition, viggbidemics have caused high mortality in all
age classes of some phocid populations. Anthropoggstivities, especially the fishing

industry, have become factors of growing importaingeinniped mortality.

In their first weeks of life, pups are exposed tar@ad range of infectious, climatic and
environmental risks. Although passive transfer ofmunity from the dam through
colostrum seems less important in pinnipeds thaeriestrial mammals, pups appear to be
relatively protected, presumably because they apalde of developing their own immune
response to pathogens.
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Research Objectives

Neonatal mortality has never been investigatechen Nlew Zealand sea lion (NZSL)
Phocarctos hookeri. Some causes of death such as stillbirth and @auwnommonly
reported in other otariid species, have been obdgeat Sandy Bay Beach on Enderby
Island (Auckland Islands). Yet neither prevalenuay, the importance of these factors has
been established in NZSL pups.

The main directions of the present research weredémtify causes of neonatal
mortality in NZSLs in the Sandy Bay Beach sub-papah, to assess their importance and
to describe the lesions associated with them. fHssarch used data collected during seven
consecutive breeding seasons, 1998/1999 to 2008/20@ast panel of techniques were
used to conduct this project, from histology togs#ology and from scanning electron

microscopy to gross examination of pup carcasses.
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Chapter 2

A survey of neonatal mortality
in New Zealand sea lions (Phocarctos hookeri)
at Sandy Bay on Enderby Island, Auckland Islands
from 1998 to 2005.

Submitted for publication
to theJournal of Wildlife Diseases
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ABSTRACT-Chapter 2

As part of a health survey of New Zealand sea liffPtzocarctos hookeri) on
Enderby Island, Auckland Islands (580’S, 166 17°E), neonatal mortality was closely
monitored at the Sandy Bay colony for seven corsecwears. Throughout the
breeding seasons 1998/99 to 2004/2005, more than KHondred post mortem
examinations were performed on pups found deadhigtsite. The primary cause of
death was categorized as trauma (35%), bactefedtion (24%), hookworm infection
(13%), starvation (13%) and stillbirth (4%). Howeveiagnoses were not mutually
exclusive and for most pups, more than one diagness recorded. Every year, two
distinct peaks of trauma were observed: the fissbaiated with mature bulls fighting
within the harem and the second with sub-adult smabrassing pups. In the 2001/2002
and 2002/2003 epidemics caused Kigbsiella pneumoniae, mortality increased by
three times the mean in non-epidemic years (10.2Pg increased mortality was
attributed directly to acute suppurative infectattributed to the bacterium and also to
an increase in traumatic deaths of debilitated puparasitic infection with the
hookwormUncinaria spp. was a common finding in all pups older thaeehveeks of
age and debilitation by the parasite may have tnrigd to increased susceptibility to
other pathogens such Ks$ebsiella sp. orSalmonella sp. This study provides valuable
quantitative data on the natural causes of neomabalality in New Zealand sea lions

that could be used in demographic models for manageof threatened species.
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INTRODUCTION —Chapter 2

The New Zealand sea lion (NZSLRhocarctos hookeri (formerly known as
Hooker’s sea lion) is one of the rarest and masallg endemic members of the Otariid
family. Because of its restricted breeding disttidnu and limited population growth, the
species was declared threatened in 1997 underspoasiin the New Zealand Marine
Mammals Protection Act 1978 (Molloy and Davies, 4pand was listed as vulnerable
by the IUCN (Reijnders et al., 1993). NZSLs breedMew Zealand’s sub-Antarctic
islands between latitudes 48°S and 53°S (GalesMattlin, 1997). Their population
size is estimated at between 10,000 and 12,000 adsjimomprising approximately
5,000 animals of mature age (Chilvers, unpublisthei@). This is one of the smallest
population sizes reported for an Otariid specied available data suggests that this
population is declining despite being protectedceithe late 1890s (Taylor, 1971;
Wilkinson et al., 2003). Ninety percent of all bde®y is concentrated on Dundas and
Enderby Islands within the Auckland Islands group.

NZSL's highly localized distribution is a factor inheir vulnerability to
anthropogenic threats such as fishing on the Amcds&helf where between 17 and 140
sea lions are accidentally caught each seasond(B#1©6; Wilkinson et al., 2003). The
full impact of fisheries on the sea lion populatiznunknown but several models
suggest that this level of take may limit the speaapacity to increase in number and
under some scenarios result in population declibeofan and Cawthorn, 1984,
Woodley and Lavigne, 1993). This uncertainty abaaothropogenic impacts on the
population is amplified when considering other naltwegulators, such as disease, on
population growth. Between 1997/1998 and 2004/2008e epidemics (1997/1998,
2001/2002 and 2002/2003) occurred among NZSLs enAlickland Islands (Baker,
1999; Wilkinson et al., 2006). The January 1998névesulted in the death of 53% of
that season’s pups as well as an unknown numbaawdf animals (Baker, 1999). That
event was the first evidence that disease plapéeam the demography of the NZSL. It
also highlighted the lack of base-line health datathe species and provided the
impetus for a directed survey of neonatal mortaityhe Sandy Bay colony, the second
largest and most intensively studied breeding &iteNZSL. This paper reports the
gross causes of mortality from 1998/1999 to 200a%28nd discusses their importance

and temporal variations within and between the dirgpseasons.
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MATERIALS AND METHODS —Chapter 2

Over the survey period from 1998/1999 to 2004/20a#y counts of live and dead
pups were undertaken at the Sandy Bay rookery atedby Island, Auckland Islands
(50° 30’S, 166 17'E) and accurate pup production estimates werelucted using
direct counts and mark-recapture techniques (Galdd-letcher, 1999; Wilkinson et al.,
2003; Chilvers et al., 2006a). Pups were born betwaid-December and mid-January
with a mean parturition date at about thé" 26 December (Cawthorn et al., 1985;
Chilvers et al., 2006a).

For every breeding season from 1998/99, pups oe¢heh were observed at least
twice daily from early December through to the nhédof February. Thus, all carcasses
were retrieved within at most, 12 hours of deathrc@sses from which all or most of
the internal organs had been scavenged were riadett in the study unless the cause
of death was apparent. The animals were sexed heei¢to nearest 100g), measured
(length and girth) and examined externally for waginscars and ectoparasites before
being necropsied using a standard post-mortem guoegDuignan et al., 2003). The
body condition was determined based on ventral migeld blubber depth and liver
weight. In fresh specimens whole blood was cadlédtom the heart and centrifuged to
harvest serum. A sample of blubber was storedjundi nitrogen for fatty acid analysis
as part of associated diet and foraging studiesthis species. Both normal and
abnormal tissues were fixed in 10% buffered form#&di be processed later at Massey
University (Palmerston North, New Zealand) usingtiee procedures and stains for

veterinary histopathology (Luna, 1993).

Tissues and organs routinely sampled for histopagfyoincluded skin, skeletal
muscle, brain, spinal cord, tongue, tonsil, thyrdrdchea, lungs, heart, lymph nodes,
diaphragm, liver, spleen, pancreas, adrenal glakidagy, stomach, intestine, urinary
bladder, and gonads. Samples for bacteriology wystematically collected from liver,
lung, tonsil, thymus, lymph nodes, spleen, feceas amy lesions or exudates and were
stored in liquid nitrogen. Sheep Blood Agar, Mackmyn and XLD (Xylose-Lysine
Desoxycholate) agar plates were used for bactewittire of selected samples: priority

was given to internal lymphoid organs and lesiansnfpups diagnosed with bacterial
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infection. Beside routine enzymatic tests (oxidasg¢alase and coagulase), Microb¥ct
(MedVet Science Pty. Ltd, Adelaide, Australia), ®2DNE (BioMérieux, France) and
Rapid ID32 STREP® (BioMérieux, France) test kitsrevesed to identify the micro-
organisms. Salmonella isolates were sent to Environmental Science & Rebe

(Porirua, Wellington, New Zealand) for phage-typing

A sample of internal organs from 30 pups was setkftr virology. Spleen was the
organ of choice if available. However, in two anisnabdominal lymph node was
selected by default. The samples were homogeneizédo-cultured on Vero cells and
incubated (37°C, 5% CQOncubator) for 2 passages (seven days for eactagay and

observed for cytopathic effects characteristicnfarbilliviruses and herpesviruses.

The entire intestine was fixed in 10% formalin fater recovery of endoparasites.
All recovered parasites (ecto- and endoparasitesg wtored in vials containing 90%
ethanol.

Cause of death was categorized as follows: stifibtrauma, malnutrition, infection
with the hookwormUncinaria spp. (Castinel et al., 2006), bacterial infectioasd
congenital defects inconsistent with life. Stitths were identified by pulmonary
atelectasis, an attached fresh umbilicus, and ofimme autolysis of the carcass.
Trauma included death from bite wounds, drowningmishing causing regurgitation
and aspiration. Malnourished pups were often bedwerage birth weight (10.6 kg for
males and 9.7 kg for females, Chilvers et al., 2)06ad no blubber layer and hepatic
atrophy. Hookworm enteritis was characterized bpi@mes bloody content in the
intestine, serosal ecchymoses, high worm burdems$, amaemic carcasses. Bacterial
infection included any or all of the following: dem@memia, suppurative pleuritis,
peritonitis or meningitis, abscesses, suppurative necrotizing pneumonia, and
suppurative arthritis. Diagnoses were not mutuakgiusive and any pup may have had
more than one diagnosis ranked in order of sigmioe as the cause of death.
Diagnosis was regarded as open where no clear cdussath could be determined at
post mortem examination.
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Statistical analysis of data was undertaken udagstatistical computer package
SAS (Statistical Analyses System, Version 9.1; SASitute Inc., Cary, NC, USA).
Neonatal mortality was analyzed using the GENMOG®Bcpdure with a logit model that
considered the fixed effects of year, sex and tim@raction. Likewise, each cause of
mortality was analyzed using the GENMOD proceduité & logit model including the
fixed effects of year, sex, and their interactioResults were significant fd?<0.05.

Prevalences are given as mean percentages.
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RESULTS —Chapter 2

In total, 455 pups were included in the survey Whiomprised 13.3% of the pups
born at Sandy Bay colony and 92.3% of the totabre dead for this site over the
study period (Table 2.1). For the entire periodstidy, the annual pup mortality
(number of dead pups from early December to middkaaly) on Sandy Bay beach
ranged between 6.4% and 31.3%, with a mean of W4(#able 2.1). However, for the
2001/2002 and 2002/2003 breeding seasons, the mematality to mid-February
(respectively 31.3% and 22.1%) was significantlght@r compared to the other years
(10.2%;P<0.0001). For the 2004/2005 season, the mortaity returned to almost the
same level as in the pkdebsiella epidemic seasons (Table 2.1). Where gender was
reported, the number of necropsied males was mptifisiantly different from the

females over the seasons.

Total 3 to Dost-

Season b;)r;l Total dead m1 d-FebruaIy; (,;)) mOI:tem*
1998/99 513 33 6.4 26
1999/00 506 44 8.7 34
2000/01 562 o6l 10.9 48
2001402 403 126 313 126
2002403 489 108 22.1 108
2003/04 507 67 13.2 62
2004405 441 54 12.2 51
overalf 3,421 493 14.4% 455

* does not include scavenged pups.

Table 2.1 NZSL pups born, found dead, and necropsied on SBaglybeach, Enderby Island,
1998/1999 -2004/2005.“Total born” corresponds to the mark-recapture nestes at 16
January. “Total dead” include data from early Debbemto the 18 of February for each
breeding season.

In non-epidemic years, 32.2 % of pups died fronurtra, 17.0 % from starvation
and 16.4 % from hookworm infection. Bacterial irtfens were responsible for 13.5 %

of pup mortality outside the&k. pneumoniae epidemics (Fig. 2.1). During these
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epidemics, the proportion of death directly atttdzlito bacterial infections increased to
36.3%, which was significantly greater than in ttan-epidemic yearsP€0.0001). In
general, bacterial infections were more prevalefibwing the epidemics (Fig. 2.1);
however, the proportion as a primary cause of desthned to the same level as before
the mass mortality events. The proportion of pupaddby trauma was not affected by
the epidemics but the absolute number that diem frauma was increased in both of
the epidemic years (Fig. 2.1). There were signifiyefewer pups dying from starvation
during and after the epidemics than befd?€(.005). Likewise, fewer pups died from
hookworm infection during the 2001/2002 and 200@R8easons, however, this trend
was not significantly differentt (Table 2.2). Filyalthe percentage of stillbirths was

consistently low each year regardless of epide(di&%, Table 2.2).

120 Hookworm
infection
100 4 Bacteral
infections
2 80- Starvation
=
a.
E Trauma .
Stillbirth
2 60
#]
s,
E
3 404
204
0 . T

T 1 I T I
1998-1999 1999-2000 2000-2001 2001-2002 2002-2003 2003-2004 2004-2005

Figure 2.1 Prevalence of primary causes of mortality diagndsedZSL pups at necropsy at
Sandy Bay Beach rookery, from 1998/1999 to 20048200
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MO Ma prns witt til birth —auma Starestion Racterial Honkaarm

Nasroasias dizgnos s in‘action in‘action
7993-1394 26 16 C 8 12 5 2
T993-2700 34 34 pi T 13+ 5 T
20023-2 7301 43 45 2 17 124 3 13
2001-2202 126 120 2 1 15 46" 11
2002 220z 1ce 102 2 4g 8 36Y 10
2003-2204 G2 32 £ 28 G 9 17
2004-2205 51 50 £ 17 8 12 T

2 3gnificant’y diffarent from tha fallewir g yaars JF < 0 0O05)

25 gnificartly diffeent Fom tas other years (F < 00023

Table2.2 Distribution of the primary causes of neonatal @it in New Zealand sea lion
pups on Enderby Island, Auckland Islands for th@819999 to 2004/2005 breeding seasons.

Temporal variations of causes of mortality for years 2000/2001, 2001/2002,
2002/2003 and 2003/2004 are shown respectivelyign Z2a, 2.2b, 2.2c and 2.2d
representing one year before the pneumoniae epidemics, the two seasons of
epidemics and the year immediately after that. ifratic injuries as a primary cause of
mortality had a consistent temporal trend each yean 1999/2000 to 2004/2005
regardless of epidemics. The first peak was obsedging the month following the
peak of parturition and coincided with dominant esafighting within the harem. A
lesser, but still remarkable, increase of fatalimatic injuries usually occurred later in

February, this time associated with sub-adult asvttedominant males abducting pups.

The first diagnoses of hookworm infection at nessoprere made during the first
week (in 2001/2002 and 2002/2003) or the seconkwédanuary (in 2000/2001 and
2003/2004), which is approximately three weeksrate annual peak of birth. This
provides an insight on the pre-patent period of tparasitic disease that will be

discussed later.
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Figure 2.2 Incidence of primary causes of mortality in NZ diea pups on Enderby Island,
Auckland Islands for the 2000/2001 (a), 2001/20B6p @002/2003 (c) and 2003/2004 (d)
breeding seasons.
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In years prior to the epidemics, the most prevaieitial cause of death until mid-
January was starvation; subsequently most pupsfdied hookworm infection until a
rise in incidence of bacterial infections and trawvas observed in early February (Fig.
2.2a). The trends for the two epidemic years, 28002 and 2002/2003 were
comparable with the non-epidemic seasons for tlwdeémce of all post-mortem
diagnoses except that they differed by the markettase in the number of pups killed

by bacterial infections and trauma (Fig. 2.1, 228¢).

Isolates from bacterial cultures included more c@nsal than pathogenic species
(Table 2.3).K. pneumoniae was the most significant pathogen isolated fromwide
range of tissues and lesions in both 2001/20022802/2003 and it was also isolated
from some dead pups in the years subsequent tepikdemics. However, attempts to
isolate this pathogen from archived samples catbgirior to the 2001/2002 epidemic
failed. Several differenBalmonella enteriditis subspecies (serotypes Cerro, Derby and
Newport) were also identified from pup feces cdkelcat necropsy over the whole
period of study. In 2001/2002, six of six culturéakcal samples wer8almonella
positive, in 2002/2003, 17 of 19 samples (89.5%J)ewgositive and in 2003/2004,

Salmonella was cultured from 9 of 14 samples (64.3%).

Of the thirty virology cultures, two were contamied with Aspergillus spp.,
making any interpretation impossible, and all ththecs were negative after two

passages on Vero cells for viruses identified lppathic effect.

A low incidence of congenital anomalies was repbi{E2/476 or 2.6%). In some
cases those defects, suctatssia coli, were not compatible with life while others were
incidental findings in pups where another primaayse of death was identified (Table
2.4).
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Escherichia coli (2/3);

Sireptococcus sp (1/3);
<t 17, e e

subspp (1/3)

FProtetis spp (4/25)

Subcutaneous

muscles, abscesses)

Joints fore-flipper

5 >

metacarpus, carpus)

(hip, metatarsus,

spp (2/4); Staphvlococcus

Liver, Pancreas

K preumoniae (3/3)

K pneumoniae (3/4); B. coli

FProteus sp (14)

E.coli (5/20);
Siapiyiococcus sp (1/20);
Streptococcus spp (3/20)

Abdominal cavity

K preumoniae (6/6)

subsp (1/9)

K preumoniae (6/8),

Spino-cerebral tissue Staphviococeus sp (1/2); . B K preumonice (3/3), E. -
(meninges/brain) Streptococcis sp (1/2) (2/8); Protens spp (18) (1118)

K preumoniae (1/4);
Thoracic cavity K prevmoniae (2/3) Koxvtoea (1/4Ay, E. coli

ol Fd AN ra " AS Ead
(1/4)

Kidney E coli(1/1) -
Pericardial ) ) K preumoniae (2/4),
fluidMyocardium Staphvlocecens spp (2/4)

Table 2.3 List of bacteria isolated from various tissues oéwNZealand sea lion pups,
1998/1999 to 2004/2005 comparing ratio in yearspilemic caused biglebsiella pneumoniae
(2001/2002 and 2002/2003) to years before (199&192999/2000 and 2000/2001) and after
epidemics (2003/2004 and 2004/2005).
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Number

Congenital defect affected Cause of death
. . 4/12 . .
Intestinal atresia (33%) Atresia col
Ventricular septal defect 1/12 (8%) Cardiac anomaly and malnutrition

Hypoplasia of one adrenal and on

0 - "
thyroid gland 9112 (8%) Hookworm enteritis and malnutrition

Right renal aplasia and polycystic
left kidney

1/12 (8%) Acu_te_ ;uppuratlve pleuritis and
vaginitis
Right thyroid hypoplasia and left

0 -
thyroid hyperplasia 1/12 (8%) Malnutrition

Hiatus hernia 1/12 (8%) Hookworm enteritis.
Scoliosis of cervical spine 1/12 (8%) Malnutrition.

Multiple spinal, cranial and 2/12 Multiple congenital defects
visceral anomalies. (A7%) inconsistent with life.

Table 24 Congenital defects in NZSL pups found dead at SaBdy Beach
1998/1999 to 2004/2005 with incidence and causkeath.
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DISCUSSION -Chapter 2

The seven continuous years of monitoring alloweel thain causes of neonatal
mortality to be identified. These included in ordémprevalence: trauma, bacterial and
hookworm infections, starvation and stillbirth. th@érmore, the data enabled an
analysis of the impact of variables such as yeeg, ®fge, and stochastic events
(epidemics) that could influence the mortality ratel causes. There are limited studies
on other pinniped species, and in particular omiidtapecies, with which to compare
this survey. Most of the previously published répgoresent data for only a short
period, usually for one breeding season (Mattl®i/8, Baker et al., 1980; Georges and
Guinet, 2000). Furthermore few other studies haaa detailed demographic data over
a long period on births and deaths and had acceasmost all of the dead pups for

detailed necropsy and sampling. As such, thisr&aively unique study.

Overall the mortality recorded for non-epidemic ngeia the present study for NZSL
is not unusually high compared to other pinnipedytations not subjected to unusual
events. Thus, the mean mortality in NZSL neonatas %0.2% which is comparable to
12.5% in grey sealdH@alichoerus grypus) from the Isle of May sampled in 198Baker
and Baker, 1988), 11.25% in California sea lioBal@phus californianus) from Baja
California between 1982 and 198Burioles and Sinsel, 1988), and 13% for South
American sea lionJtaria byronia) in years not affected by El Nino (Soto et al.02p
Slightly higher (20%) mortality has been reported the New Zealand fur seal,
Arctocephalus forsteri (Mattlin, 1978). Stochastic events such as El NiédoNifa
cycles can have devastating effects on neonataidstsand cause up to 100% mortality
in species such as the South American sea lionGGHiapagos fur seal(ctocephalus
galapagoensis) and the California sea lion (Francis and Hea®911 Trillmich and
Dellinger, 1991; Soto et al., 2004).

The number of NZSL dead pups per week was highdamuary when they were
from 1 to 5 weeks-old with 50% of the seasonal putality reached in the first week
of January when pups were about two weeks of age.ohly comparable data on pup
mortality in relation to age were found in studigsfur seals. In Sub-Antarctic fur seals

(A. tropicalis), the mortality rate was higher from birth to twaeeks-old (9%) and

55



decreased to 3.2% between two weeks and one mdralgeo(Georges and Guinet,
2000). In Antarctic fur sealsA( gazella) at South Georgia, half of neonatal mortality
had occurred by the age of two days and 90% byrooeth (Doidge et al., 1984).

These comparisons suggest that there is a simélad tbbetween studies and that otariid

neonates in general are more at risk in their feat weeks of life.

The ratio of males to females at necropsy in NZ&bwaed that there was no
difference between sexes in pup mortality, a similading to that reported in Sub-
Antarctic fur seals on Amsterdam Island (Georges @uainet, 2000). This is important
when considering population management and sexfgpsarvival rate. During the
neonatal period, mortality does not seem to affeet sex ratio calculated at three
months of age but events in the following yearshsas male aggression on females

may upset this parity (Chilvers et al., 2005a).

In 1997/1998, a mass mortality event killed 609N&SL neonates and many adults
at all three Auckland Islands rookeries (North Aladkl Islands, Dundas and Figure of
Eight Islands). It was not possible to attribute thortality to a single causative agent
because too few necropsies were carried out atithat(Baker, 1999). However, this
event initiated the study reported here and fatdd contingency planning by the New
Zealand Department of Conservation for future evéBaker, 1999). Thus when further
epidemics occurred in 2001/2002 and 2002/2003jlddtaampling was conducted and
the aetiology determined. Mortality associatechviiicterial infections was increased
threefold and the pathogéh pneumoniae was isolated in pure culture from almost all
necropsied pups (Wilkinson et al., 200B)ebsiella species are widespread pathogens
capable of causing severe nosocomial outbreaksumahs hospitalized in intensive
care units and in neonatal wards resulting in sapthia (Pefia et al., 1998; Lebessi et
al., 2002).Klebsella species have been commonly cultured from variousrnal
tissues in marine mammals (Stroud and Roffe, 1¥&lros et al., 1982; Baker and
McCann, 1989; Hernandez-Castro et al., 2005) ardviast range of wild birds, reptiles
and terrestrial mammals (Enurah et al., 1988; Badre et al.,, 1990; Osawa et al.,
1992; Aguirre et al., 1994; Dubay et al., 2000; KMuomery et al., 2002; Steele et al.,
2005). Yet Klebsiella species have never previously been reported teecaugpidemic

in an animal population (Wilkinson et al., 2006)heT origin of infection here is
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unknown but the lack of isolates from samples ctdié prior to 2001/2002 suggests a
recent introduction of the pathogen into this pagioh. There was no evidence either
that viral infection increases susceptibility ofetlsea lion pups to a commensal

Klebsiella already in the population.

The present study ranked bacterial infections kil tcause of direct mortality in
NZSL neonates in non-epidemic years (after traunthleokworm disease) but they
were recorded as the major cause of death in g@ypsips in two studies (Anderson et
al., 1979; Baker et al., 1980). In NZSLs, bactenmdéctions as a primary diagnosis
accounted for less than 15% of pup death outsidé&ilpneumoniae epidemic years
(Fig. 2.2). However, the overall prevalence remdiriatermediate in the years
following the epidemics. Sind€. pneumoniae was frequently cultured from pup tissues
and was still causing septicaemia after 2002/2@08likely that the immunity against
these bacteria was not complete or at least natesstully transferred to pups through
the colostrum. Immunization of a naive populatiowards an introduced pathogen may
take several years before neonates receive sulffioraternal antibodies to overcome
the critical first months of life (Carter et al992). In addition to having an immature
immune system, NZSL pups may be at risk of infecti@cause of the sandy substrate
on which they live. The abrasive action of sand andirty environment has been
associated with navel infection that evolves intritpnitis and septicaemia after
passage of the pathogens through the liver. Thasttmitis-navel ill complex” has been
observed in other pinnipeds. It contributed for 56pups’ death in grey seal colonies
(Anderson et al., 1979; Baker and Baker, 1988). &dnat surprisingly, although
Sandy Bay rookery consists of a beach with smaltigé@s of sand and the density of
pups can be high in some areas, there were ondyveachses of omphalitis diagnosed
during the survey and cases of peritonitis wereassbciated with the occurrence of
omphalitis. Most of the bacteria involved in theseses of septicaemia weféebsiella
pneumoniae (during and after th&. pneumoniae epidemics),Sreptococcus spp. and
Escherichia coli.

The different categories of primary causes of d&atNZSL pups, in epidemic and
in non-epidemic years, were similar to those dbscriin other pinniped species

although their relative ranking in order of impaerta did vary. For instance, Keyes
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(1965) reported that the primary diagnoses of nedmaortality in the northern fur seal
were by order of importance, malnutrition, traumiagokworm infection and
miscellaneous bacterial infections. In NZSLs, tnauwas the predominant cause of
pups’ death in all years. Signs of suffocation asllwas cranial and thoracic
haemorrhage in pups less than two weeks old weredmmon presentations of trauma
caused by adult animals. Later in the breedingaseasternal abdominal haemorrhage,
bites and skin lesions were correlated with sultaahud peripheral males physically
abducting pups while lactating females were feedihgea (Chilvers et al., 2005a).
Moreover, Wilkinson et al(2000) suggested that pup abduction associated with
infanticide and cannibalism in NZSLs could be andigant cause of neonatal mortality.
However, in the present study and in other otasfkcies (Australian sea lions,
Neophoca cinerea: Higgins and Tedman, 1990; northern fur sealsokéiyand Okamura,
2005; Antarctic fur seals: Doidge et al., 1984)Jarfaarassment and abduction causing
death of pups seem to be the result of misdireetggression or an accidental
occurrence. Neonates would simply be too smalltandslow to avoid the attacks and

to survive the injuries that are likely to be imsfgcant in older animals.

Topography and density of animals on the rookery affect neonatal survival. For
instance, the open Sandy Bay beach does not prawnglshelter for NZSL pups to hide
from adult males and scavenging birds; the samartiaas conditions were reported for
Sub-Antarctic fur seals (Georges and Guinet, 2@D@) grey seals (Twiss et al., 2003).
In contrast, rookeries on rocky shores with boidd®rd crevices provide shelter for fur
seal pups from fighting males (Bradshaw et al.,919dyota and Okamura, 2005). In
addition, in Antarctic fur seals, there is evident®t frequency of aggressive
interactions increases when colony density becdngds(Doidge et al., 1984; Reid and
Forcada, 2005). Thus, it is possible that infadgcand cannibalism reported in NZSL
on Dundas Island by Wilkinson et al. (2000) coutd limked to the four-fold higher
number of animals in that rookery compared to SaBay (Enderby Island) where no
such behaviour was observed during the presenegubikewise, Baker and Baker
(1988) noticed that the increase of grey sealsaanation at high tide generated more

conflicts within the colony, resulting in more frgnt bites and trauma to pups.
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Starvation is recognized as an important causeeathdin pinniped pups. The
estimate of 13% in this study is similar to thgtaged in grey seals by Anderson et al.
(1979) but contrasts with other studies descrilstayvation as the major factor of
neonatal mortality in New Zealand fur seals (MattlLl978) and in Hawaiian monk

seals Monachus schauingandi (Banish and Gilmartin, 1992).

It is most likely that starvation in NZSL neonateas primarily due to death of the
mother. This may happen for various reasons sudhak predation, disease, or male
aggression (Wilkinson et al., 2000; Chilvers ef 2005a). Given that lactating NZSL
females forage at great distances from the roo&adyat greater depth than most other
otariids it is thought that they are living at thphysiological limits (Costa and Gales,
2000; Chilvers et al., 2006a). Thus, NZSLs woulens¢o be susceptible to fluctuations
of food resources as caused by El Nifio/La Nifia &ven other climatic fluctuations
(Renwick, 2005). The impact of these events hatebren investigated in NZSL but
foraging patterns of other marine species shatiegsame latitudes have been studied in
parallel with EI Nifio/ La Nifia events (Boyd et dl994; Peacock et al., 2000; Bowen et
al., 2001; Soto et al., 2004). Availability of preythe equatorial Pacific region varies
considerably between EI Nifio (low productivity) abd Nifia (high prey abundance)
Southern Oscillations (Barber and Chavez, 1983n&Gly1988). Periods of low prey
abundance have led the lactating females of soarédspecies to extend the duration
of their foraging trips with increased activity aedergy expenditure (Cape fur sedls,
pusillus pusillus: Bowen et al., 2001; Antarctic fur seals: Boydakt 1994). When
female Cape fur seals cannot cope with extremeiglogscal conditions, they abandon
their pup (Bowen et al., 2001). Similarly, pup gtbwn NZ fur seals partly reflected
efficiency of lactating females and food availalil(Bradshaw et al., 2000). In the
present study, there does not appear to be artjoredhip between the occurrence of El
Nifio/ La Nifia years (1997/1998 for El Nifio and 14999 for La Nifia) and starvation
and malnutrition in NZSL pups. Although the firstcorded NZSL epidemic was
concurrent with 1997/1998 ENSO event any associdtetween it and the epidemic

was speculative (Baker, 1999).

Uncinaria spp represent a constant primary cause of pup htpitathis colony

of NZSL. Every year, adult hookworms and associdtedstinal lesions could be
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observed for the first time about three weeks dfter majority of pups were born at
Sandy Bay rookery. Thus it would appear to takeualoree weeks for the infective
larvae to develop into mature adults feeding onittestinal mucosa in NZSL pups
(Castinel, unpublishedgee Chapter 6). This suggestion depends on the hypethes
transmammary transmission is the exclusive modesatmission in this species, as has
been previously described in northern fur sealOlsen and Lyons (1965). Although
the prevalence of infection is high, only a mingrdf pups succumb to the parasitic
disease as a primary cause of death. The lowerogiop of pups diagnosed with
hookworms in 2001/2002 and 2002/2003 is more likelype the result of pups dying
from acute bacterial infection and septicaemia teefbree weeks of age rather than a

lower parasitic pressure during the epidemic years

Hookworms and to some extent any parasites (hacterusessensu May and
Anderson, 1979) may play a role in pup mortality dausing debilitation and death
from trauma, malnutrition and hypothermia. Suchcanario was also reported for
Hawaiian monk seal neonates (Banish and Gilmat®92) and for northern fur seal
pups (Spraker et al., 2004). To further investidhte hypothesis in NZSLs, studies are
under way to correlate infection by enteric baetevith the extent of lesions caused by

Uncinaria spp. embedded in the mucosa.

Viral infections have been associated with neonatattality in other pinniped
species. In particular Herpes virus infection cdulsg phocid herpes viruses (PhHV-1
and PhHV-2) have been isolated from harbor défabda vitulina) neonates that died in
a seal rehabilitation center from pneumonia or rareecrosis (Osterhaus et al., 1985;
Gulland et al., 1997b). Morbillivirus infection (Btine Distemper virus) may also
cause neonatal mortality in phocid seals but hasmeeen seen in otariids (Duignan et
al., 1993; Duignan et al., 199%aoust et al., 1993). It was also suggested that
caliciviruses may be involved in abortion and ndahdeath in California sea lions
(Smith et al., 1979) In the present study, no vinéctions were identified in tissues
cultured from NZSL pups but the limited number ofamples tested could not

definitively rule out infection in the population.
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CONCLUSION —Chapter 2

This study is the first to report the main factofsmortality in pups from birth to
three months of age in NZSLs. Stillbirth, starvatiand hookworm disease remained
relatively consistent over the seven years of theey while bacterial infections and
trauma went through a dramatic increase for tworsyed epidemics caused by the
bacteriaKlebsiella pneumoniae. Even if the equilibrium between primary causes of
mortality was proportionally reestablished sooremftong-term consequences of pup
loss are yet to be determined in the demograpHitdsi®threatened species (Wilkinson
et al., 2006). Aside from the demographic impacstochastic events such as the
Klebsiella epidemics, it is now possible to factor in more sistent causes of mortality
such as hookworm and starvation into the demogcapiodels for this species. Thus,
the data presented here should assist in the maweageof this threatened pinniped

species.
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Chapter 3

First report and characterization of adult Uncinaria spp.
in New Zealand Sea Lion (Phocarctos hookeri) pups

from the Auckland I slands, New Zealand.

Published irParasitology Research 98, 304-9 (2006)
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ABSTRACT —Chapter 3

Two species of hookwormd&Jgcinaria lucas andUncinaria hamiltoni) have been
formally described from pinnipeds but dissimilapég are noted from these hosts. This
is the first description of hookworm&Jifcinaria spp.) from the New Zealand sea lion
(NZSL), Phocarctos hookeri. The nematodes were collected from dead pups on
Enderby Island (Auckland Islands, 50°30’; 166°1dyring January and February,
2004. Standard measurements of male and femalenoools were obtained, providing
a general morphometric characterization of the h@mwkn species inPhocarctos
hookeri. Considerable variations in the body length of adhdokworms were noted
within the same host. The arrangement of some efbilrsal rays differs from that
described fotJ. lucasi andU. hamiltoni.
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INTRODUCTION —Chapter 3

The New Zealand Sea Lion (NZSIBhocarctos hookeri (Hooker’s sea lion) is one
of the rarest and most locally endemic membersi@fQtariidae. This species has been
classified as "vulnerable" and "endangered" becadises small population size and
limited distribution on the subantarctic Aucklarglahds (Gales and Fletcher, 1999).
Studies conducted during the past seven years derky Island (Auckland Islands)
have shown that hookworm infection is a significastuse of mortality in pups
(Castinel et al., 2004).

Only two hookworm speciedJncinaria lucasi Stiles andUncinaria hamiltoni
Baylis, have been described from otariids (Stil&X)1; Baylis, 1933, 1947). However,
individual hookworms with intermediate morphotypéave been reported from
pinniped hosts (Baylis, 1947; Olsen, 1952; Dailag &lill, 1970; Nadler et al., 2000),
suggesting that additional biodiversity may be enéut as yet uncharacterized. The
present study provides a morphometric descriptiohamkworm specimens collected
from infected NZSL pups on Enderby Island. Tisisiecessary for more comprehensive

comparisons ofJncinaria spp.from various pinniped hosts.
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MATERIALS AND METHODS —Chapter 3

Necropsies to investigate neonatal mortality weredacted in the field on NZSL
pups found dead on Sandy Bay beach, Enderby IslAndkland Islands, 50°30’;
166°17") during the period from January' To February 1% 2004. Mature adult
hookworms were collected from the intestinal trafctour to seven week-old pups and
stored in 100% ethanol. Thirty mature specimenswgetected from four different pups
—which individual burden ranged from 2310 to 70&@asites- for morphological study,
cleared with a few drops of lactophenol and mourtemporarily on slides. The
hookworms were examined using a light microscopd mmages acquired using a
digital camera. Morphological study concentrated features used previously to
characterizéJ. lucas andU. hamiltoni including the buccal capsule, oesophagus, male
copulatory bursa, and female tail. Fertile eggghtecells-stage) were obtained by
dissection of the uterus of females and measuredo@hageal length was measured
from the beginning of the oesophageal tube (atbtme of the buccal capsule) to the
junction with the intestine; this differs from thariable measured by Baylis (1933) and
Olsen (1952). In addition, some specimens of betidgrs were prepared for Scanning
Electron Microscopy (SEM) following standard prouess. Eight adult males and 11
adult females were measured using a microscopemeegiwith an ocular micrometer
(Table 3.1).

Measurements (in text) are means followed by stahdaors (ranges are provided
in Table 3.1). Ratios of some features were usedotopare measurements between
males and females. Analyses consisted of desaeiptiatistics and one-way ANOVAs
to investigate the effect of gender on the measwarthbles. AdultUncinaria spp.
specimens of each sex were deposited as vouchetBeirJ.S. National Parasite
Collection (USNPC No. 96483) (Agricultural Reseaigarvice, U.S. Department of
Agriculture, Beltsville, MD, USA).
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Uncinaria spp. Uncinaria hamiltoni Uncinaria lucas Uncinaria hamiltoni
from Phocar ctos hookeri from Otaria byronia from Callorhinus ursinus from Otaria flavescens
(present study) (Baylis, 1933) (Baylis, 1947) (Berén-Veraet al., 2004)
Females Males Females Males Females Males Females Males
Sample size 11 8 3 ? ? ? 30 29
Body length 10.35+ .56 6.82+ .49 : : . } 11.37+2.94 7.85+1.52
7.20-12.30 5.00-9.20 12.5-17.5 85-12.0 12.4-16.0 7.4-8.7 5.36-17.2 4.88-10.64
Buccal capsule length 0.23+.004 0.20+.004 ) y ] ) 0.28+.03 0.24+.02
0.22-0.25 019-0.21 0.32-0.38 0.28-0.30 0.24-0.28 0.21-0.24 0.21-0.34 0.21-028
Buccal capsule width 0.19+.007 0.17+.005 ) ) ) ) 0.24+.02 0.19+.06
0.16-0.23 0.15-0.19 0.20-0.31 0.14-0.24
Teeth height 0.044+.007  0.030+.002 ) ) ) ) ) )
0.037-0.050 0.025-0.035
Oesophagus length 1.07+.021 0.91+.021 . . ) . 1.15+.11 1.09+.19
0.99-1.16 0.86-0.99 1.60-1.90 1.50-1.55 1.25-1.40 1.10-1.20 0.82-1.34 0.79-1.83
Diameter of oesophageal 0.18+.003 0.16+.004 ) ) ) ) )
bulb 0.17-0.20 0.14-0.18
Nerve ring from anterior  0.69+.020 0.52+.002
end of body 0.56-0.78 0.37-0.74 0.60-1.10 0.57-0.62 ) )
Spicule length ) 0.69+.016 ) ) . ) 0.89+.09
0.62-0.74 1.000 500-560 0.57-1.05
Accessory piece length - 0.060-0.080 - 0.12-0.14 - 80-90 - -
Vulva to posterior end 4.01+.16 4.33+1.34 -
3.19-4.84 ) 5.10-7.00 ) 5.20-6.30 ) 2.13-6.62
Length of tail 0.20+.007 -
0.16-0.23 - 0.16-0.25 - 0.21-0.25 - -
Egg length 0.13-0.14 - 0.135-0.138 - 0.12-0.14 - 0.10-0.14 -
Egg width 0.072-0.081 - 0.085-0.093 - 0.080-0.088 - 0.04-0.10 )

2Measurements are given in millimeters; they areaafes with additional means/standard deviationslZSL hookworms



RESULTS —Chapter 3

All hookworm specimens presented the general cteratics ofUncinaria spp..
(Fig. 3.1-3.9), withthe typical anterior bend resulting in a dorsaldal@perture (Fig.
3.1). The mouth opening spans about one half ofbthexal capsule depth in dorso-
ventral view. There are two pairs of cutting platese anterior and one posterior (Fig.
3.2 and 3.4); the latter almost entirely visibleotigh the mouth opening in dorso-
ventral view (Lyons and Delong, 2005). Buccal cdgselongate, 202.0 + 2.0 um long
by 167.5 £ 5.3 um wide in males and 232.5 + 3.7hymM95.4 + 6.6 um in females. A
pair of very well-developed subventral teeth (B@ and 3.4); length from 25 to 35 um
in males and 27 to 50 um in females. There is anlan thickening of the wall at the
base of the buccal capsule (Fig. 3.2) and the tgtdgger of the oesophageal gland is
pronounced (Fig. 3.2 and 3.4). Cephalic sensiligbie on the cuticle include two pairs

of papillae and one pair of amphids surroundingatkeler of the mouth opening.

Figure 3.1 SEM of the  Figure 3.2 Buccal capsule of an adult hookworm

anterior end of an adult (male) from a NZSL pup. Superficial dorso-ventral

hookworm (female) from a view showing the mouth opening (m), cutting plates

NZSL pup in en face view. (CP), dorsal gutter of oesophagus (DG) and annular

Bar scale: 40um thickening (at) at the base of buccal capsule. Bar
scale: 80um.
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Figure 3.3 Buccal capsule of an adult Figure 3.4 Buccal capsule of an adult
hookworm (male) from a NZSL pup. hookworm (male) from a NZSL pup.
Deeper dorso-ventral view underlining the Lateral view with the pair of teeth (T),
pair of sub-ventral teeth (T). Bar scale: cutting plates (CP) and dorsal gutter
80un (DG). Bar scale: 80u
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Oesophagus: flask shaped, common to the other espediUncinaria. Length
(measured from anterior to posterior end): 912224 um in males and 1,074.7 + 20.7
um in females; width at base 157.5 + 4.1 um in saled 183.8 + 2.9 um in females.
Nerve ring surrounding the oesophagus above the tagjion, 526.2 + 70.4 pm from

the anterior end of the body in males and at 6823.5 um in females.

Females: 10.35 + 0.56 mm long. Vulva prominen®l4+ 0.16 mm from posterior
end. Vagina short and wide. Ovejectors longituldisgmmetrical, with a combined
length of 450 um. Tail (anal opening to tail tigP6.2 £ 6.8 um long (Fig. 3.5). Tail
mucro (Fig. 3.6): usually bent, between 10 and 80lpng. A pair of caudal papillae at
38-40 um from the terminal tip. Eggs: 136.6+ .7 long by 77.1+1.4 um wide.
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A : <
Figure 35 SEM of Figure 3.6 Terminal end of a female adult

ventral view of the tail of a hookworm from a NZSL pup. Lateral view of
female adult hookworm the tail showing the anus (A) and the mucro or
showing the anus. Bar terminal spike (tsp'Bar scale: 80U

scale: 50um

Males: 6.82 £ 0.49 mm long. The two copulatorycafas are equal in length (688.5
+ 16.3 um). Gubernaculum 60 to 80 um long, oblamgens posteriorly. Bursa (Fig.
3.7) with features of Order Strongylida (Olsen, 49%chmidt and Roberts, 1989).
Ventral rays fused measuring from one half to thiods of the medio-lateral ray (Fig.
3.8). Ventral rays diverge perpendicularly fromematlateral ray axis (Fig. 3.8). Tips of
postero- and antero-lateral rays directed away fiteermedio-lateral ray. Antero-lateral
ray not touching edge of lateral lobe. Dorsal rafyrbates distally with three small
branches at tips, outer ray diverging. Dorsal leeey small and semicircular. Externo-
dorsal ray long, reaching margin of lateral loberethes proximally from dorsal ray.

Paired caudal papillae on lateral lobe.

Figure 3.7 Terminal end of a male hookworm from a NZSL pumrdn-ventral
view of bursa showing paired spicules (sp), gemitale (gc), dorsal (dl) and lateral
() lobes, externo-dorsal (ed) and dorsal (d) r&8er scale: 150um
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Figure 3.8 Terminal end of a male hookworm from a NZSL puptelkal view of
copulatory bursa presenting the arrangement ofreesmntral (vv), latero-ventral (Iv)

antero-lateral (al), medio-lateral (ml), postertefal (pl), externo-dorsal (ed) and
dorsal (d) rays. Bar scale: 100pum

Figure 3.9 Lateral views of male copulatory bursae framcinaria spp (redrawn):d) U.
hamiltoni from Baylis (1933); i§) U. lucas from Baylis (1947);(c) U. hamiltoni platensis
from Botto and Maf-Garzon(1975). Bar sca 200un

Results of statistical analyses are presented lieTa?2 for both crude variables and
ratios of the same parameters over the body lefdtere was a significant difference
between males and females in body length (p<0.0fligcal capsule length (p<0.001)
and width (p<0.001), oesophageal length (p<0.0@igmeter of oesophageal bulb
(p<0.001) and distance of nerve ring to anteriad %0.001). Tests comparing ratios
of these variables to the total body length showed gender had no effect on the
position of the nerve ring (p= 0.63); although #asing towards the level of statistical
significance, all other p-values for these sizerati®rs were still supporting differences
between males and females. This suggests thas naiated to the body length could

correct the bias caused by the variations of sizee specimens examined.

70



Difference between Ratio to body length Difference between

Variables sexes (p-value) for sexes (p-value) for
crude variables Male Female 446 o body length

Body length .00015 - - -

Buccal capsule Length .0000013 .020-.033 .019-.033 .0212

Buccal capsule width .00657 .017-.032 .017-.022 .000576

Oesophagus Length .000361 .097-.173 .084-.151 .00417

Diameter of 0000673 027-030  .014-.023 00920

oesophageal bulb

Nerve ring to anterior 015 060-088  .053-.096 6259

end of body

Spicule length - .077-.113 - -

Vulva to posterior end i i 346-.442 i

of body

Tail - - .014-.026 -

Table 3.2 Effects of gender on measurementtJo€inaria spp. from NZSL pups
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DISCUSSION —-Chapter 3

Measurements ofUncinaria spp. from NZSL pups showed a strong sexual
dimorphism (body length, buccal capsule length @esbphageal length) but there were
some morphological features of the buccal capsote the oesophagus that did not
differ between sexes. Likewise, gender had no effacthe position of the nerve ring
when statistical comparison included the ratio hd tistance as based on total body
length. This indicates that ratios of certain meaduvariables may provide more
accurate conclusions, than from those based orfisp@easurements, especially when
comparingUncinaria spp. in pinniped hosts (George-Nascimento et 892} where
sexually mature hookworms can vary substantialliotal body length. Ranges of body
length in Uncinaria spp. from NZSL were similar to those from Ber6n-&est al.
(2004) but were reduced relative Wo lucasi andU. hamiltoni as described by Baylis
(1933, 1947). Almost all variables measured in hkemkns from the southern
hemisphere (Botto and Mafié-Garzon, 1975; Berdn-\éeral.,2004) present a broad
range with regard to measurements important forpasing species: buccal capsule
length, oesophagus length, distance of vulva tdepios end, spicule length and egg
dimensions (Table 3.1). Disparity in the size otuna hookworms within the same host
was observed during the present study. The measuatsrfromUncinaria spp. found in
the northern hemisphere show less variation (Nastled., 2000). Lyons (2005) quotes
Olsen (1952) “While the body size of the hookworfrean the sea lions tends to be
larger than those from the fur seals, the relapweportions on a percentage basis
remain almost the same”. This pertaindJtducasi, from northern fur sealQallorhinus
ursinus) and Steller sea liorEgmetopias jubatus) pups from St. Paul Island, Pribilof
Islands, Alaska (Olsen, 1952). Using ratios mayrpiecompensation for this type of
bias. It seems inappropriate to include body widtbomparisons fodncinaria spp. in
NZSL, not only because mounting specimens betwesi@ and a cover slip is highly
likely to deform the diameter of a nematode, butdose previous authors do not

identify the precise site of body width measurement
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CONCLUSION —Chapter 3

The arrangement of the bursal raydJokcinaria spp. in the New Zealand sea lions
is characterized by the configuration of lateraysraesemblingU. lucasi and the
externo-dorsal ray being much longer than the darsais a feature more similar th
hamiltoni. This reinforces the need for an extensive morphometxamination of

Uncinaria species in pinnipeds.
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Chapter 4

I nfluence of climatic conditions
on the epidemiology of hookwor m infection
in New Zealand sea lions (Phocarctos hookeri)
at Sandy Bay Beach, Enderby Island (Auckland I lands).
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INTRODUCTION —Chapter 4

The New Zealand sea lion (NZSLRPhocarctos hookeri is an endemic and
endangered species that almost exclusively breedtie Auckland Islands (between
latitudes 48°S and 53°S) every austral summer, floember to February. The
climatic conditions in this Sub-Antarctic regioreatharacterized by persistent westerly
winds and abundant precipitations occurring as gnewl he maximum air temperature
ranges between 10 and 16 °C in summer and betweaed 40 °C in winter. Enderby
Island usually has the finest and warmest weathalldhe Auckland Islands (Peat,
2003).

During the 1998/1999 to 2004/2005 breeding seashasannual mortality at Sandy
Bay rookery from birth to two months of age was w@thb0%, which is similar to what
was reported in other pinniped species for the sageegroup (Baker and Baker, 1988;
Aurioles and Sinsel, 1988). The main causes of puptality were identified and
described in Chapter Il. These were trauma, battariection, starvation, hookworm
infection and stillbirth. Some of these causes likedy to be under the influence of
climatic fluctuation. For instance, severe weatbenditions (storms, heavy rain and
strong winds) were often associated with pups’ gyitom hypothermia and drowning
over the period of study. Climatic fluctuations catso influence pup health and
survival by modifying the food stock available &xiating females around the Auckland
Islands for lactating females (Chilvers et al., @90or by killing hookworm free-living
stages (Castinel et al., submiti@dsee Chapter 5). For example, it was assumed that a
decline in prey available for northern elephantl $emales, prior to parturition, had
negatively impacted on the mean weaning mass af pups (LeBoeuf and Crocker,
2005).

The effect of temperature on the free-living skagéEhookworms can be estimated
directly using temperature recorders buried bentalsurface of the beach, where the
free-living phase of the life cycle takes place ¢hy, 1963). Pups shed faeces
contaminated witiJncinaria spp. eggs on the sand surface and these will hatch
ensheathed and mobile larvae (Castinel et al., gtduha; see Chapter 5).
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The aim of this chapter is to report on some ofdliratic conditions occurring at
Sandy Bay Beach rookery during the breeding seasons 2000/2001 to 2003/2004
and to discuss the possible effect of temperatareations on hookworm free-living

larvae on the rookery.
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MATERIALS & METHODS —Chapter 4

Air temperature monitoring

Air temperatures and other atmospheric paramets¥saacurately recorded on
Enderby Island all year round by a climate staetablished by the National Institute of
Water and Atmospheric Research (NIWA Ltd, WellimgtdNew Zealand). This is
slightly inland and on an elevated site (Fig. 4N)WA provided hourly temperature
records of December, January and February forehesy2000/2001 to 2003/2004.

Castinel.©«y i

Figure4.1 NIWA climate station on Enderby Island.

Soil temperature monitoring

Soil temperature was recorded hourly with two Haolada loggers (Hobo H8, Scott
Technical Instruments, Hamilton, New Zealand) bdi2@ cm deep on Sandy Bay beach
during January and February 2003/2004, at two rdiffesites on Sandy Bay beach. They
were located 150 metres apart, at the periphethefreeding colony and only a few
metres away from the sea lions. Temperature recoats analysed with the BoxCar
software (Version 3.7.3, Onset computer Corp. 12032).

Satistical analyses

Statistical analyses were performed on pairs ofrmum and maximum temperatures
to compare records between the two sites for tl¥3/2004 season only. Datasets were
compared using the ANOVA procedure in SAS (Stai@tiAnalyses System® 9.1.3,
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SAS Institute Inc., Cary, NC, USA). The daily antpdie (difference between maximum
and minimum temperatures) was compared betweebdheh records and those from
the NIWA station, using the ANOVA procedure as disd above. A statistical
difference was accepted whEr0.05.

Linear regression equations, for both minimum arekimum temperatures, were
obtained after plotting the daily temperatures réded on the beach in 2003/2004
(pooled sites) against their paired NIWA recordstfeie same period. This will allow

extrapolating temperatures for the previous seassimg the NIWA archives.
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RESULTS —Chapter 4

The daily temperatures monitored at the two difiesates on Sandy Bay beach did
not significantly vary in 2003/2004, for both thenimum and the maximum records.
As a consequence, data were pooled for both sitesmihima and maxima to facilitate
comparisons between years. NIWA records for 200BI2@ere plotted against these
pooled data. The linear regression equations forirmim (Y=0.4234* X+7.9502) and
maximum temperaturesY£0.2445*X+10.318) were used to calculate the beach
temperatures from NIWA archived data for the bregdseasons prior to 2003/2004.
“Y” was the beach daily minimum or maximum, and’ ‘the NIWA record. The
summary of extrapolated temperatures is presengechdnths and by years in Table
4.1. Figures 4a to 4d show the daily estimatedrd=cof temperatures on the beach and
from NIWA climate station for 2000/2001, 2001/2002002/2003 and 2003/2004
respectively. The margin between daily minimum amakimum temperatures ranged
between 0.6 and 4.2 °C and between 0.5 and 5.4 2003/2004. This contrasted with
the NIWA daily records which amplitude was sigrafintly greater than the two other
sites P<0.0001).

breeding

season December January February March
2000/2001 11.0 - 13.3 111 - 133 11.3 - 133 11.3 - 133
2001/2002 114 - 134 11.8 - 135 11.6 - 13.6 10.9 - 131
2002/2003 11.0 - 13.3 114 - 134 11.1 - 133 11.4 - 13.2
2003/2004 111 - 125 11.8 - 13.9 10.6 - 12.0 N/A

*minimum temperature-maximum temperature

Table 4.1 Minimum and maximum temperatures (°C) by months tiee 2000/2001 to
2003/2004 breeding seasons.
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Figure4. 2 (a, b, ¢, d) Temperatures recorded from December to Marclwaidifferent sites
on Enderby Island in 2000/2001 (a), 2001/2002 #8)02/2003 (c) and 2003/2004 (d). The
graphs also show the number of dead pups per wesdk(y mortality) and the number of pups
diagnosed with hookworm infection as a primary eaw$ death per week (hookworm
infection). The bold arrow on the 2003/2004 grapdiidates the time of pup faeces first found
positive forUncinaria spp. eggs.
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DISCUSSION —Chapter 4

There was a marked difference in the daily varretibetween the NIWA climate
station and the beach. This may be linked to theemental conditions of recording.
Firstly, the station is located at a higher altéwuahd on a flat area, directly exposed to
the strong winds. In contrast, Sandy Bay beach revtiee Hobo sensors were buried,
was relatively sheltered. Secondly, the NIWA statimeasures air temperatures
whereas the data loggers recorded soil tempera&ir@® cm under the surface. The
reason why these were not set up on the surfatteedieach was because of the intense
activity taking place on the rookery during the datig season. This comprised bull
fights and pups’ extreme curiosity when they waratethe beach while waiting ashore
for their mother. Also, to attenuate heat intake thusun exposure, sea lions very often
throw large amounts of sand with their flippers cmtihemselves. Consequently the
surface of the beach around the harem is constaeilyg turned over. In addition,
occasional storms with strong winds and rain cobéye easily swept away the
recording instruments if located on the surface/e@ithat development and hatching of
hookworm eggs take place in the faecal matter diggben the sand by infected pups,
the temperatures recorded in this experiment maystiztly reflect the conditions in
which hookworm free-living stages develop. Howevence deposited on the soil
surface, faeces were soon covered with sand asut & sea lion activity on the

rookery ground.

According to Beaver (1953) and Vinayak et al. (J9@ptimal conditions for the
development of hookworm larvae are sandy soil vgitifficient moisture to protect
developmental stages from fatal desiccation (Cb@25; Beaver, 1953). A notable
feature of the temperatures recorded and estinmatedthe seasons in the current study
is how stable the summer temperatures were from tgegear. Although relatively
cool, the daily maxima only varied between 12.099G. and the daily minima were
only two to three degrees below. Such a stable ¢eatyre is likely to be beneficial to
hookworm larval development and survival. Theseddmns are more likely to be met
at 20 cm-deep than on the surface. The capabilitsee-living larvae to survive severe

climatic conditions is intrinsic to a nematode spseoBoag and Thomas, 1985) and
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Uncinaria species showed that they were capable of develagihgwer temperatures
than Ancylostoma species (Hill and Roberson, 1985). The reasonsinegstigating
temperatures on Sandy Bay beach were to estabksbanditions in which hookworm
larvae were likely to hatch, and to some extenpotiyesize on the likelihood for these
larvae to survive over the winter in the soil a¢ tlookery and infect the next season
pups. Olsen (1958) studied the survivaldsicinaria lucas eggs and larvae at different
temperatures on the Pribilof Islands in Alaska.nfFtbese experiments, it appeared that
free-living larvae could survive for a few weeks44t46°F (approximately 7-8°C) but
would die after 24 hours at 24-26 °F (approximateliyius 4°C) and at minus 4°F
(minus 20°C). Summer temperatures at Sandy BayIBesre not as low as those
recorded in Alaska but winter data for Enderbynrdlavere not available. Therefore it
was not possible to determine whether the absehbeakworm larvae in the soil at
Sandy Bay Beach rookery early in the summer seasms subsequent to negative
temperatures occurring during the previous winMso, larvae were recovered in great
numbers in the sand on the Pribilof Islands inrgprbefore northern fur seal pups were
present on the rookery, which suggested that |amagesurvived through the winter for
that year (Olsen, 1958). In contrast, hookworm darwere not recovered from soil
samples before the $6of January 2004 and the 1 8f February 2005 at Sandy Bay
Beach rookerygee Chapter 5), indicating that free-living larvae weia present in the
sand before NZSL pups started shedding eggs im faeces. Whilst Olsen (1958)
deducted that each generation of northern segplips was infected by larvae hatching
from eggs deposited by pups during the precediagmse this does not seem to apply to
the situation at Sandy Bay Beach. Besides the eae-study on northern fur seals in
Alaska (Olsen, 1958), further observations wererlabnducted over several seasons on
California rookeries shared by both California Beas and northern fur seals (Lyons et
al., 2000a). This study stressed that seasonadityrced in larvae hatching but it also
diverged from Olsen’s hypothesis that larvae ovetered to infect pups of the
following generation. Lyons et al. (2000a) foundsée in the sand in both autumn and
winter months but not in the following summer, whaups were born. Climatic data
were not reported for these particular studies€@I4958; Lyons et al., 2000b) but it is
likely to be colder in Alaska (Olsen and Lyons, 3p@&nd on the Auckland Islands
(present study) than in California. It is clearry difficult to compare the influence of

temperature alone on overwinter survival bincinaria spp. larvae. However,
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determining if it is possible is important for umsianding the hookworm life cycleeg
Chapter 5).

Another factor which may play a role in larval sual is the substrate in the
environment. The configuration of Sandy Bay bedwnges radically from summer to
winter (Fig. 4.3 and 4.4). Over winter, the sandalisost entirely washed away and
underlying rocks become exposed to the waves. Hookwree-living stages are likely
to be physically washed away with the sand whedisappears in the winter. As a
consequence, it is very unlikely that any hookwdarvae could survive both low
winter temperatures and the removal of the sandlyoso Sandy Bay Beach. Over-
wintering and the hookworm life cycle in NZSLs tsdied in more detail in Chapter 5.

s R
Figure4.3 Sandy Bay Beach rookery (Enderby Island) in summmenths.

Figure4.4 Sandy Bay Beach rookery (Enderby Island) in wintenths.
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CONCLUSION —Chapter 4

In summer months, daily temperatures on Sandy Bzachh seemed particularly
stable beneath the sand surface. Therefore, scctmdamore likely to be intrinsic to
the hookworm species rather than related to enwisorial temperatures, may explain
the incapacity of free-living larvae to survive tme rookery over the winter. This
represents an important feature to understand h@®LNoups become infected with
Uncinaria spp. The mode of infection and the entire hookwbiercycle will be further
discussed in Chapter 5.
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Chapter 5

Epidemiology of hookworm Uncinaria spp.) infection
in New Zealand (Hooker’s) Sea Lion Phocarctos hookeri) pups
on Enderby Island (Auckland Islands) during the breeding seasons

from 1999/2000 to 2004/2005.

Submitted for publication

to Parasitology Research

86



ABSTRACT —Chapter 5

This is the first investigation of the epidemiolog¥ hookworm Uncinaria spp.)
infection in New Zealand sea lions (NZSL®&hpcarctos hookeyion Enderby Island,
Auckland Islands. Examination of faeces for hookwa&ggs in various age categories
of sea lions revealed that only pups up to at l#aste months of age harboured adult
hookworms in their intestines. Gross necropsy oferthan 400 pups from 1999/2000
to 2004/2005 showed that the prevalence of hookwaifection varied significantly
between years and was higher from mid-January ¢oetid of February, when the
majority of pups were between three and nine wedksThe average burden of adult
parasites per pup was not influenced by the hestisand body condition or by year.
This study also provided evidence for transmissicourring by the transmammary
route in NZSLs.
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INTRODUCTION —Chapter 5

Adult hookworms(Uncinaria spp.) have been reported frequently in otariidsfia
wide geographical area. So far, the taxonomy refetsvo species formally described
for this host family:Uncinaria lucasiand Uncinaria hamiltoni (Stiles, 1901; Baylis,
1933, 1947). However, specimens presenting morgimidifferences and intermediate
measurements have also been reported (Dailey alhd19v0; Nadler et al., 2000;
Castinel et al., 2006) suggesting the existenamare than two species of hookworms
infecting otariids world-wide. Despite a single oepof adult hookworms in the
intestines of one sub-adult male Steller's sea (Ewmmetopias jubatyqOlsen, 1958),
all other reports have described the parasitictida almost exclusively in otariid pups
(Lucas, 1899; Lyons, 1963; Dailey, 1975).

Lucas (1899) collected the very first data on thevalence of hookworms in the
northern fur sealQallorhinus ursinus He describedJncinaria spp.infection as the
most important factor in pup mortality on Saint P&land (SPI) (Pribilof Islands,
Alaska) for the summer 1898/1899, when 61% of tlspwere diagnosed with
hookworm infection as the primary cause of deatyons (1963) likewise reported a
high prevalence of hookworms (between 56 and 85%) ursinuson SPI for the years
1960 to 1962. The burden of adult parasites reeovdérom otariid pups has been
reported to be highly variable and influenced byhbihe host species and the rookery
(Lyons et al., 2001, 2005). On SPI, neonatal mitytalssociated with hookworms in
northern fur seals was reported to be higher odysawokeries than on non-sandy ones
(Lucas, 1899; Olsen, 1958) indicating that the tgpsubstrate could play a role in the
epidemiology of these parasites. Supporting theothgsis of spatial variability of
infection intensity, Hughes et &2004) reported a difference of parasitic burden in
Steller’s sea lion pups between two different siteigh about 8 times more hookworms
per individual on the Southeast Alaskan Hazy Isldhan on Forrester Island. In
addition, Lyons et al(2005) showed that infection intensity in Calif@nsea lion
(Zalophus californianuspups on San Miguel Island (California) was gengrhlgher
in pups with good body condition and in males. Thrglerlined the existence of
individual variations within the same populatiordahe possibility of some categories

of pups being more susceptible to hookworm infectiwan others.
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The life cycle ofUncinaria lucasiwas described in northern fur seals by Lyons
(1963) and Olsen and Lyons (1962, 1965) on thelBfilslands. The route of infection
of fur seal pups was found to be passage of tvadathrough the mammary system to
nursing offspring with resultant maturation to atulh parasite in the small intestine of
the pup as it occurs in domestic dogs infectedAbgylostoma caninuniBurke and
Roberson, 1985). The cycle was divided into thrasp (1) the free-living phase, with
eggs developing into third-stage larvae)(in the soil; (2) the tissue phase, with
parasitic I3 found in the hosts’ tissue; and (3) the intestptzse, with the ingestion of
parasitic L in the first milk and development into adult hoakws in the intestines of
pups. The characteristic transmammary transmissestribed by the authors on this
occasion in northern fur seals was also reportedUfeinaria spp. in Juan Fernandez
fur seals (Sepulveda and Alcaino, 1993) and inf@ala sea lions (Lyons et al.,
2000a). Several additional studies have comparedsumements of larvae found in
different tissues from animals of various ages €@land Lyons, 1965; Lyons and
Keyes, 1978; Sepulveda and Alcaino, 1993; Lyonal.et2003). Larval sizes varied
considerably depending on both the host’s age lamdissue sampled, with larvae from
the mammary glands of lactating females being lotigen those found in blubber of
other adult fur seals. Recovery dhcinaria spp. larval stages from the soil revealed
that free-living hookworm 4 were ensheathed, were shorter than those fourtlein
host’s tissue (Olsen and Lyons, 1965; Lyons et 2000b), and sometimes could

survive the winter temperature on the rookery (@©/4658).

The New Zealand sea lion (NZSL) is one of the werldirest and most highly
localized pinnipeds. NZSLs breed on New Zealandibastarctic Auckland Islands
between latitudes 48°S and 53°S (Gales and Maltth9;7). Following a large number
of deaths due to an epidemic of unknown aetiolagyl997/1998, a surveillance
program was established to monitor in detail allriaddy events in the population at
Sandy Bay. Since the 1998/1999 breeding seasopupd that died during that time at
this location have been necropsied in the fielddgtermine cause of death. During the
survey, two successive seasons (2001/2002 and Zmm®)/ were marked by an
unusually high mortality of pups, which was atttia to the pathogeKlebsiella

pneumoniae(Wilkinson et al., 2006).Uncinaria spp. (Castinel et al., 2006) was
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diagnosed as the primary cause of death for 13fup$ and was a consistent finding

between years (Castinel et al., submittedeeChapter 2).

This study is the first investigation of the epidelmgy of hookworm infection in
NZSL with emphasis on the prevalence and life cgéléncinaria spp. in pups born on
Sandy Bay Beach (Enderby Island) during the brepdieasons from 1999/2000 to
2004/2005.
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MATERIALS AND METHODS —Chapter 5

Faecal examination for hookworm eggs

Faecal samples (~ 1 gram each) were randomly ¢etlecom live animals (both
adults and pups) on Sandy Bay Beach (Enderby Islandkland Islands) from mid-
January to mid-February 2004 and from early Decer2b@4 to mid-February 2005.
NZSL females give birth over a period of less thameek with the annual peak of birth
occurring on about the $&f December (Chilvers et al., 2006a). Thereforeabe of
the pups during the seasonal studies ranged frotim toi two to three months of age.
Various age classes were represented. In totalpRP8 plus 30 adults and sub-adults
were sampled for faeces over the two seasons.dA/2005, as part of a growth study,
some pups born to known females were identifiedirah and were paired by sex and
age. In order to investigate the mode of infectimme pup from each pair was given a
subcutaneous injection of ivermectin (200 pg/kgniec® injection for cattle, sheep
and pig, 10g/L ivermectin, Merial New Zealand L#t)two days, one week, and one
month of age (n=24) or just at two days old (n=&).marked pups were sampled for
faeces with a rectal loop either weekly or fortiighExamination of faecal samples
consisted of a direct smear if only a small amooinmaterial could be recovered,
otherwise of flotation with saturated NaCl solutidollowed by microscopic

examination.

General necropsy procedures

As part of a monitoring programme from 1998/1999204/2005, all sea lions
found dead on Sandy Bay Beach each year from &ebember through the end of
February were necropsied following a standard padt¢Castinel et al., submitteul
seeChapter 2). This included 455 pups, six yearlings sub-adults, and 21 adults.
Samples were collected for histopathology, sergloggrasitology, bacteriology,
virology, genetics, and life history studies; buiyodata on hookworms are presented
here. Morphological characteristics were systeralyicmeasured as follows: body
length and girth (in meters), abdominal blubbertkdejpnmediately posterior to the
umbilicus (in millimeters), and body weight (in &grams). The body condition was
rated in accordance with the abdominal blubbertdémbor: less than 5 mm, moderate:

5 to 10 mm, fair to good: 10 to 15 mm, or excetlembre than 15 mm).
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Specific necropsy examination of intestinal trdotshookworms

From 1999/2000 to 2002/2003, 80 intestinal tracesewcollected from pups at
necropsy and fixed in 10% buffered formalin, toldter examined at Massey University
(Palmerston North, New Zealand). In order to asdbss hookworm burden, the
intestines were first opened over their whole langhd flushed with running water.
When hookworms were too deeply anchored, they wemeoved with forceps. The
contents were then filtered successively throug?b@pum mesh and a 50-um mesh
sieves and both retentates were examined. In 2008/and 2004/2005, fresh intestines
of 28 pups, three yearlings, and six adults wercgssed on site using the same
technique. Among the 108 pup intestines examineh f£999/2000 to 2004/2005, 17
were divided into three equal segments for the Ismtdstine (proximal, medial and
distal) and one segment for the large intestingistpat the caecum. For these pups, the
worm burden was counted separately for each portionthe present study, the
prevalence is reported for each breeding seasdollas/s: the overall prevalence at
post mortem (P), the proportion of infected pupsnetropsy from the start of the
pupping season in December to thd' b4 January (P1), and the proportion from the
15" of January to the end of February (P2). Assumirigction occurred immediately
after birth, P1 was expected to cover the prepgtendd whereas P2 would correspond

to the clinical phase of hookworm infection.

Specific necropsy examination of fresh tissuep#oasitic hookworm larvae

In 2003/2004 and 2004/2005, various fresh tissueseweollected to search for
parasitic larval stages from the placenta, verdtmlominal blubber and the mammary
gland. Ventral abdominal blubber was sampled atapsy only in freshly dead animals
(15 pups, one adult male, one female yearling, thneke adult females). A sample of
approximately 10 cfharea and full blubber depth was taken 2 cm pastéd the
umbilicus in each animal. The entire mammary glawdse collected from the three
adult females. In the yearling female, the mamnggayd was not developed enough to
be separated from the blubber and the sample fhignanimal included a mix of both
tissues. Seven fresh placentas were collected dhatedy after expulsion. Each tissue
sample was immediately processed for larval regowsing a Baermann apparatus

(Baermann, 1917). This was modified as followssu&s were cut into pieces no larger
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than 1 cm, a 10 cm diameter plastic funnel was connectecubiger tubing to a sterile

15-ml tube, the material to be analysed was suggkmside two gauze swabs on top of
the cone, and both tube and funnel were filled widrm water (20-25°C) until tissues
were submerged. The installation was left at antbiemperature (approximately 14 to
17°C) for six hours and the sediment from the lottmntent of the tube was examined

under a stereo-microscope at magnification ranfyimm 10 to 35 times.

Examination of stomach contents of pups for infediookworm larvae

Small volumes of milk (2 - 5 ml) were drawn fronetstomach of three live pups by
means of a 50-ml disposable syringe connectedlexible plastic tube (1 cm diameter,
0.5 to 1 meter long, depending on the age of th®.pdach pup was sampled three
times: on its day of birth plus three and sevensdayer. The stomach contents were
processed with the modified Baermann method asiqusly described. The milky
material mixed with the water in the funnel, buy @olid particles were retained by the
gauze swabs. Faeces were also collected with alrexip on the same days and

occasionally until these pups were three weekgef a

Egg culture and in vitro study of larval developrmen

Three faecal samples, heavily contaminated withkivoom eggs, were placed in a
Petri dish and mixed with water. The milieu wasntlexygenated with air bubbles and
left at ambient temperature that was recorded usirdpta logger (Hobo H8, Scott
Technical Instruments, Hamilton, New Zealand), alsged to monitor the soil

temperature on the beach.

Soil sampling and temperature recording to investeghe free-living phase

Soil cores were removed with a steel T-shaped airdifferent sites on the beach in
2003/2004 and 2004/2005. Each sample consistedppbsimately 140 crhof sand. In
parallel, soil temperature was recorded hourly anuary 2003/2004 and from mid-
December to the first week of February in 2004/2@0h a data logger buried 20 cm

deep on the beach, only a few meters from the harem
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Statistical analyses

The general prevalence of hookworms at necropsy herukworm infection as a
primary cause of mortality were analysed using @ENMOD procedure in the
statistical computer package SAS (Statistical AsedySystem® 9.1.3, SAS Institute
Inc., Cary, NC, USA) with a logit model that coresidd the fixed effects of year, sex,
body condition, time in the season (P1 and P2)thedt interactions. For the variable
hookworm infection as a primary cause of mortadityy, the fixed effect of the log
transformed hookworm burden was also included entfodel. The log transformation
of hookworm burden was analysed with the MIXED pmaare for which the model
tested the fixed effects of year, sex, body coadit@nd their interactions. The mean
hookworm burden per individual and the mean burfgnintestinal segment are
presented as back-transformed least mean squaethéo with their back-transformed
95% confidence interval (Cl). A statistical diffe® was accepted whdpP<0.05.
Measurements of third-stage larvae and temperatnegjiven as means + standard

errors.
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RESULTS —Chapter 5

Prevalence of hookworms in pups at necropsy

Uncinaria spp. eggs were seen exclusively in preparatiomaipffaeces. The faecal
survey showed that 75% of live pups were infected @#at samples were positive for
hookworm eggs from mid-January to the end of Fatyruahen the field studies ended
each year. Fig. 5.1 presents the results of a faecaening in live pups compared to
necropsy findings for 2004/2005. Faeces from alnexed pups were positive for
Uncinaria spp. eggs in the last week of January and all gegd were infected with
adult hookworms from the first week of FebruaryeTirst faecal sample positive for
hookworm eggs was found on thé™@¥ January 2004 and on the™df January 2005,
respectively, 34 and 37 days after the first bathhe season and 16 and 19 days after
the seasonal peak of birth. Post treatment faemrapkes from pups treated with the
antiparasitic drug ivermectin were always negafmehookworm eggs, regardless of

the protocol (one or three treatments).
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Figure 5.1 Incidence of hookworm infection in live and deadS\L pups on Sandy Bay Beach
(Enderby Island) ir2004/2005. A faecal survey was conducted in live pups andliesvere
grouped to give weekly counts (N is the sample)siddre number of pups diagnosed per week
is given byn. The majority of NZSL pups were born around th& @sDecember.
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The prevalence of hookworm infection at necropsy Wwased on the presence of
adult specimens ofincinaria spp. regardless of whether they were sexually raatu
(eggs in female uterus) or not. Adult hookwormsen@und in pups (n=455) but not in
any older sea lions (n=29). Prevalence of hookwarfaction varied between years
with a significantly lower percentage of animalagtosed in 2001/2002 compared to
the previous seasoP€0.05) but a higher percentage of infected pups feaad at
necropsy in 2002/2003 than in 2001/2082@.05) (Fig. 5.2). Hookworm infection as a
primary cause of death was diagnosed in more pupsglthe second part of the study
period with P2>P1HK<0.0001). There were also significantly more maig than
female pups where hookworm infection was the fiemise of deathP&0.05). As the
other factors (year and body condition) and thalieriactions were not significant, they

were removed from the analysis.

100

% of pups at necrops

1999/00 2000/01 2001/02 2002/03 2003/04 2004/05
n=48 n=14 n=83 n=110 n=66 n=52

Figure 5.2 Prevalence of hookworm infection in NZSL pups etnopsy, during the breeding
season, from 1999/2000 to 2004/208%st-mortem examinations were conducted from early
December to the end of February each year. P isubiall prevalence for the entire period of
study; P1 the prevalence to mid-January and Pprinalence from mid-January to the end of
February. “n” is the total number of necropsy popssidered for the prevalence study.

96



Patterns of hookworm infection in pups at necroghsging the breeding seasons are
depicted in Fig. 5.2. The seasonal prevalence okworm infection (P) remained
stable over the years but there was a significafferdnce between P1 and P2
(P<0.001) with P2>P1. In 2003/2004 and 2004/2005 ktvmoms were found in less
than 10% of pups at necropsy before mid-January (Rt all were found infected
afterwards (P2=100%). There was no significantatftéé sex and body condition on the

general prevalence of hookworm infection at necyops

Numbers of hookworms in different segments of sntalitine of pups

The number of hookworms in intestinal segments indecative of a preferential
location of the parasite in the first two thirdstbé small intestine; no specimens were
recovered in the caecum or the large intestine. Bdek-transformed arithmetic mean
and 95% CI for individual counts in the first, sedoand third segments of the small
intestine were respectively 193 [76-489], 519 [Z1P80] and 198 [78-503]
hookworms. Even though the number of parasitesndidsignificantly differ between
segments, there seemed to be more hookworms imitidle portion of the small

intestine.

Hookworm burden relative to sex, year, and bodyd@@m in pups

The back-transformed mean and its 95% CI for irlial burden were 824 [136-
3,323] parasites. Sex had no effect on the numbpamsites recovered for the period
1999/2000 to 2004/2005. However, the analysis atwmae showed variations in worm
burden between years, withstanding just within the limits of significanceobkworm
burdens for 2001/2002 (back-transformed mean o) 88%e significantly lower than
for 2003/2004 and for 2004/2005 with back-transfednmeans of 1781 (P<0.005) and
of 1439 (P<0.05) respectively. None of the othetdes (sex and body condition) or
their interaction significantly contributed to eapl the model. This strongly suggests
that the variations observed for the model of homkw burden were explained by the
variability between individual$<0.05).

Recovery of hookworm larvae from sea lion tissues
Table 5.1 presents the body length of larvae reeavdrom the various tissue

samples. In January 2003/2004, several live lamere extracted from blubber samples
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in four of five pups (no measurements were recofuégdll were exsheathed); whereas,
in 2004/2005, no larvae could be observed in thesd®ples collected from pups
between the B of December 2004 and thé® ®f February 2005. No larvae were
recovered from any of the seven placentas collaot@004/2005 or from the mammary
glands of two adult females (one sampled in Jan@é@f4 and the other in February
2005 when its pup was 51 days old). In contrasinesdarvae were recovered in
December 2004 from the abdominal blubber of antadale, from a mixture of belly
tissues of a yearling female, and from the mamngéagds of a lactating adult female.
The size of the larvae varied considerably dependmthe source (Table 5.1). All were
without sheath and showed the characteristics ohsiec third-stage larvae of
hookworms (Gibbs, 1961; Lyons, 1963).

Tissue Nature of sample Date (no. Measurements of larvae
phase P larvae) [range] (mean, ensheathed/no sheath)

Pups (4/15) L/Iir;ttr)zlrabdommal .(Jsa)n.-Feb. 2004 Not done (no sheath)

Yearling Ventral blubber +

female (1) mammary glands Dec. 2004 (10) [743.6-860.2 pm] (798.2 um, no sheath)

Adult male Ventral abdominal
1) blubber

Lactating

Dec. 2004 (2) [701.8-717.6 pm] (709.7 pm, no sheath)

Mammary glands

adult female Dec. 2004 (10) [742.8-1046.0 pm] (894.4 um, no sheath)
only
1/3)
Milk from
pups’ Age of pup (days) no. larvae Measurements of larvae
stomach
Pup A 1 9 [840.9-1061.5 pm] (988.0 um, no sheath)
Pup A 5 4 [807.7-1071.4 pm] (904.8 pm, no sheath)
Pup C 3 4 [1143.7-3285.7 um] (2966.9 um, no
sheath)
Soil Sampling site Date (no. Measurements of larvae
samples larvae)
Sand “Wendy hut” Jan. 2004 (4) [609.4-764.0 pm] (703.8 pm, ensheathed)
Sand Creek Feb.2005 (13) [228.7-686.4 um] (499.2 um, ensheathed)

Table 5.1 Measurements of larvae recovered from differgpes of samples on Sandy Bay
Beach, Enderbysland. This table shows the source and body lenftarvae (minimum and
maximum are given between brackets followed byrtteglian, best representing the average
length given the small sample size). For the tigsigse, the number of animals positive for
larvae is compared to the number of individualswxad for each category.
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Recovery of hookworm larvae from pups’ stomach

Two of the three pups selected for sampling hadkivoam larvae in their stomachs.
One animal (Pup A) had nine parasitigih its stomach sample on Day One and four
larvae on Day Five. Pup A’s faeces were positivehfmokworm eggs at 30 days of age.
For the other pup (Pup C), four parasiti¢ Were recovered from a stomach sample
taken on Day Three but none at any later occasigriaeces remained negative at 16
days of age. The larvae found in Pup C at threes ddg¢ were longer than those
observed in Pup A at both one and five days of hgezae found in Pup C on the fifth
day had a provisional buccal capsule charactemdtiourth-stage larvae. None of the

larvae had a sheath and measurements of body larggiresented in Table 1.

Egg culture and hatching larvae

First-stage larvae (). appeared within eggs after 15 days. The developwfel; L.,
and L took place within the egg-shell, withs Enclosed in the sheath of the previous
stage. The eggs hatched naturally on thd 88y and total length measurements of
ensheathed free-livingslwere then taken (n=11, 585.8 + 15.5 um). At thagstthey
only retained one sheath from thgdtage. On the $3day after the start of culture, the
mean body length of 14;was 544.3 £ 31.0 um.

Recovery of free-living stages and soil temperature

Figure 5.3 illustrates the sites where soil carvese sampled in 2003/2004 and in
2004/2005. Free-living third-stage hookworm larveere extracted from one location
on the beach on the %éf January 2004 but not in December 2004, or Jgnamad
February 2005. The other location where larvae wetevered was from sand adjacent
to a small creek, on the "1of February 2005. No free-livingslwere recovered from
mud or grass samples on the same date. The morpiorfeatures of the larval
specimens resembled those of free-living hookwognhdtchedn vitro (cf. antg. The
diurnal temperatures at 20 cm deep on Sandy Baghbigam December 2004 to the
end of January 2005 ranged between and 6.6 anél @4thd was significantly different
from the temperatures measured in the field laboyafrange of temperatures for the
same period: 3.7 to 22.9° £<0.001). The average amplitude of temperature tiear
egg cultures (7.75 £ 1.93° C) was much greater thahe sand by the creek (1.73 £
0.12° C).
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The life cycle ofUncinaria spp. in NZSLs is summarised in Fig. 5.4. It hightgthe
central role of pups as the definitive host anthasonly source of contamination of the

rookery with hookworm eggs.

2003/04

2004/05

Distribution of the breeding colony: [7:]2003/04; [ 2004/05
Sampling sites: Xnegative; v positive for Uncinaria spp larvae

Temperature recording site: i 50M ———

Figure 5.3 Sampling sites and location of temperature logger$Sandy Bay Beach (Enderby
Island). The beach is exclusively made of sandsth&rd, of grass and the bush of small scrubs
and trees. There are three creeks on Sandy Bayhleat pups spend most of the time
swimming and playing in the muddy water. For bahsons sampling sites were located within
the harem, as indicated by the two distinct pastern
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Figure 5.4 Life cycle ofUncinaria spp. in New Zealand sea liorBhocarctoshookeri, on Sandy Bay beadBnderbylsland.The life cycle is based on
data collected during the 2003/2004 and 2004/208&ding season studies on Sandy Bay beach.



DISCUSSION -Chapter 5

This field investigation confirms that the life ¢goof Uncinaria spp. in NZSLs is
similar to that previously described foncinaria lucasiin northern fur seals (Lyons,
1963) and forUncinaria spp. in California sea lions (Lyons et al., 2004y an Juan
Fernandez fur sealg\(ctocephalus philippi (Sepulveda, 1998). A key feature of the
life cycle of Uncinaria spp.. in all these species is that pups are irdeotdy via
ingestion of I in the milk and during the first few days of lifelnfections become
mature after two to three weeks, meanwhile paragjtgs are deposited with pup faeces
on the beach. These ova subsequently develop tbeatmed b which seem to
percutaneously infect all age groups and supplhLthkat will infect future generations

of pups.

Support for the role of transmammary infection le fpresent study comes from
several different observations. Stomach conteny®ohg pups contained;bn three of
nine occasions in the first week of life. Theseavapproximately the same size as those
recovered from the mammary gland of a lactatingalegsupporting the transmammary
transmission hypothesis. Further support can ben seethe age profile of the
hookworms observed at necropsy. All hookworms aggukto be of a similar size and
were apparently reaching patency at about the eihd?lo indicating a highly
synchronised time of infection. Sepulveda and Alog{L993), Lyons et al. (2000a) and
Berdn-Vera et al. (2004) observed a similar tighdfite of developmental stage that
they suggested was supportive of the hypothestsaobmammary infection. Another
argument in favour of this hypothesis was that dgaeof pups treated once with an
anthelmintic drug at birth were negative until #r& of the study. This raised the issue
of anthelminthic persistence in NZSL pup tissueslekd, prolonged anthelmintic
effects of the drug stored in the subcutaneousdsand around the injection site could
have masked any percutaneous infection of pupsfréaéiliving Ls resulting in a patent
infection. Arasu (1998) reported that ivermectinswhe most effective anthelmintic
drug in eliminating hookworm larvae in tissues ofirme hosts, and Craven et al
(2002) observed that this highly lipophilic moleewlas totally cleared from the fat of
pigs between three and four weeks following a 30@tkg subcutaneous injection of

ivermectin. In three NZSL pups treated with a stnglddministration of ivermectin,
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faecal analyses were still negative imcinaria spp. eggs, six weeks after the injection.
Thus, in the present study, the absence of adokworms in the intestines of pups was
probably not due to the residual activity of thehamminthic drug, but rather to the

early elimination of parasiticjdacquired via the colostrum.

Prenatal infection has been observed to play a mioke in the infection of
terrestrial canine species of hookworm suchAasylostoma caninunfStone et al.,
1970; Burke and Roberson, 1985). This issue hags lmegn addressed once in otariids
when no evidence was found that pre-partum infactiocurred in northern fur seals
(Lyons, 1963, 1994). Similarly, in the present stud larvae were found from seven
placentas. However, this is not sufficient to diifrely rule out any transfer of larvae
prior to birth in NZSLs.

The prevalence of hookworm infection was very highSandy Bay Beach with up
to 100% in some years, based on necropsy datasmenmary transmission and
prepatent period both contribute to explain thevglence patterns observed each season
on the rookery. In the NZSL, hookworm infection,aadirect cause of mortality and as
a general diagnosis, was recorded more usually fnidrJanuary (P2) every year, when
pups were about three weeks old. This matches ypethesis that P1, from birth to
mid-January, corresponded to the prepatent penwthgl which infective larvae were
developing into mature adults in the pups’ smakstine. However, development to the
adult stage should have occurred earlier than ideog P1 as the first immature adult
parasites obncinaria lucasiwere observed after less than one week in nortiuerseal
pups (Lyons, 1963). Therefore, the difference betwiel and P2 should not have been
so pronounced given that the prevalence at necrapsybased on the recovery of any
parasitic forms, after sieving through a 250 pm+imasd a 50 pm-mesh sieves. The
cause for the failure to recover parasites duridgwRs not apparent. For unknown
reasons, the technical approach used in the presay to detect and count parasitic
forms was not appropriate to retrieve immature mawins. Despite efforts to manually
scrape the mucosa whilst washing the intestineskwiorms were recovered on very
few occasions and only near the end of P1. Inmatiarges may have been too deeply

embedded in the mucosa to be successfully removed.
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Hookworm infection as a primary cause of mortalis already been investigated
by year in a general study on neonatal mortalityNBSL pups (Castinel et al.,
submittedb; seeChapter 2). Overall from 1998/1999 to 2004/200as considered to
be responsible for 13% of mortalities of pups atd§aBay Beach rookery. The present
research showed that general prevalence of hookwiorfiection was lower in
2001/2002, which was the first year of tiebsiella pneumoniaepidemics (Wilkinson
et al., 2006), than in 2000/2001 and 2002/2003.e &hute bacterial infections in
2001/2002 may have killed the pups before the dgweént of infective larvae into
adult hookworms was completed. Even though 200320#s still seen as an epidemic
season, there were less pups dying from bacterfattions as a primary diagnosis
compared to the previous year (Castinel, submittéa) hypothesis could be that
maternal antibodies from adults exposedKtopneumoniadn 2001/2002 may have
provided some measure of protection from the bagteto pups born the following

season.

Individual factors such as body condition and gerdee been investigated for their
influence on general prevalence, on hookworm imecas a direct cause of mortality
and on the intensity of infection. In NZSL pupsdiaondition, as determined by the
depth of their subcutaneous blubber layer, didimit@ence any of the three variables.
This was in accordance with what is reported intBmerican sea lions regarding
hookworm burdens (Berdn-Vera et al., 2004) butedifffrom observations in Juan
Fernandez fur seals (Sepulveda, 1998), Califoree I®n (Lyons et al., 2005) and
northern fur seal pups (Lyons et al., 2001). In ldi¢ger studies, pups in good body
condition had more hookworms in their intestinesntithose in poor body condition.
Assuming that transmammary transmission is the waly for pups to become infected
and that hookworm burden is proportional to thengjtya of milk ingested soon after
birth, it is then reasonable to assume that pupgood body condition will have
received more milk and therefore a greater amofinnfective larvae (Lyons et al.,
1997, 2001; Berdn-Vera et al., 2004). Although ¢herere significantly more males
directly killed by hookworm infection than femaldgke burden in NZSL pups did not
vary between sexes. Given that the relationshipvde numbers of hookworms and

clinical disease is still not known in NZSLs, it wd be difficult to speculate why male
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pups, in good body condition, are more at risk yihd from hookworm infection than

females.

Since the development of the two first larval stageere observed to take place
inside the egg in the present study as well akenstudy reported by Olsen and Lyons
(1965), it seems very likely that free-living lhatched near by the soil surface where the
contaminated faeces were deposited. The developingiages could therefore endure
some large temperature variatiotidncinaria species seem to be adapted to a cool
climate (Gibbs and Gibbs, 1959; Hill and Robersb®85) but it is unclear how long
free-living hookworm larvae can survive in the solWhile Olsen and Lyons (1965)
stated that som#. lucasilarvae had overwintered some years on Saint Phrdsit
did not occur withUncinaria spp. on San Miguel Island, California (Lyons et 2001).

At 20 cm beneath the sand surface, daily tempersitair Sandy Bay beach did not show
much variation. The absence of great thermal aog#itmay provide a temporary but
clement environment for free-living hookworm larvaetil they infect sea lions by the
percutaneous route. However, the present study eshdat hookworm larvae had not
persisted in the sand in 2004/2005, at sites wtie¥se had been recovered in great
numbers in February 2004. Survival of free-livirpviae on Sandy Bay Beach may
have also been compromised by the disappearanaienott all of the sand during the
winter period, with only a narrow fringe of sandt len the very upper part of the beach.
These observations could explain why free-livingvd® would not persist on the

rookery between the breeding seasons.

The presence of unsheathed parasitic third-stagadain the ventral abdominal
tissues of all age categories strongly implicatest {percutaneous and possibly oral
infection with free-living Iz occurred in NZSLs. The absence of larvae frombtbbber
of some adult females in 2004/2005 could have hberresult of all or most of the
larvae having migrated to the mammary glands arssqshthrough the milk during
early lactation. However, it was reported that adeinale northern fur seals infected
their pups with hookworms for their first pregnarafyer being in captivity two to six
years (Lyons and Bigg, 1983; Lyons and Keyes, 198H)s suggested that parasitic
third-stage larvae could survive in tissues foresalvyears. The blubber samples from

the negative NZSL females were certainly too srmaliotally exclude the presence of

105



dormant larvae in the tissues. In addition, pa@&i larvae were found in the blubber
of NZSL adult sea lions in December 2004 when tbié samples were negative,
indicating that infective hookworm larvae could \8ue for at least one year in the
hosts’ blubber. It was not possible to collectliertdata from NZSLs to determine the
duration of survival of such larvae in tissues. Tém@ae found in mammary tissues of
lactating females were of similar body length tosh recovered from the stomach of
pups. As described in northern fur seals (Olsenlyths, 1965), free-living third-stage
larvae would penetrate sea lions through the skise their sheath and stay in
hypobiosis or arrested development in the blublreallmlominal muscles only; they
would then migrate to the mammary glands in lactatemales (Lyons, 1963). Lyons
and Keyes (1978hypothesized that a hormonal signal initiated #redl migration to
the mammary cisterns but it has also been suggesitatd the decrease of
immunocompetence, characteristic of preparturi@rhdies induced the larvae to
resume their development and start their migratonards the glands (Anderson,
2000).

Pups given a single treatment of ivermectin did geit reinfected as indicated by
negative faecal examination. Ivermectin may petsis enough to prevent all infection
from the milk, while infective larvae were still ing transmitted to pups. Nevertheless
there were not enough data to determine whethealsence of reinfection in single
treatment pups was due to the lasting effect of ahéhelminthic dose or to the

incapacity of percutaneously infecting larvae tuadep into adult hookworms.
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CONCLUSION —Chapter 5

Hookworm prevalence in New Zealand sea lion pupseatopsy was consistently
high over the seasons, on Sandy Bay Beach. Transragniransmission stands out as
a key feature in the epidemiology of hookworms iAS\iLs: it seems to be the exclusive
route of infection to achieve a patent infectidnisllikely that the vast majority of not
all pups become infected by this route. Hookworfedtion was associated with pup
mortality but there was no evidence to relate pgrasurden and clinical disease.
Further investigations on all aspects of hookwafendycle in NZSLs would be needed
to reinforce the conclusions made from this firstdy and to elucidate when pups’

intestines are cleared of hookworms.
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Chapter 6

Clinical and pathological effects of hookworm (Uncinaria spp.)

infection in New Zealand sea lion (Phocar ctos hookeri) pups.

To be submitted for publication

to theJournal of Comparative Pathology
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ABSTRACT —Chapter 6

Hookworm infection withUncinaria spp. in New Zealand sea lions (NZSLSs)
(Phocarctos hookeri) is an important cause of pup morbidity and mdstadt Sandy
Bay Beach (Enderby Island, Auckland Islands). Ag p&a health monitoring survey
on this rookery, 455 pups were necropsied duriegl®98/1999 to 2004/2005 breeding
seasons and lesions associated Wititinaria spp. were documented. In pups for
which uncinariosis was diagnosed as the primaryseaf mortality, the main gross
lesion consisted of haemorrhagic enteritis chareet@ by frank blood and parasites in
the intestinal lumen. When hookworm infection ordgntributed to death, mild
enteritis, enlarged mesenteric lymph nodes, ancerfgetechial haemorrhages were
observed. For all pups, histopathological changebe mucosa and submucosa mainly
consisted of increased numbers of leukocytes ealhean necrotic foci when bacteria
were also observed. In addition, there was focaimt@rhage in Peyer’'s patches. In
2004/2005, the effect of hookworm infection on sal/baematological parameters was
investigated by comparing “naturally infected” pyps24) with a “parasite-free” group
(n=24) created by using an anthelmintic treatmBidod samples were collected from
18 of these pups (controls and infected) and frogn I&ctating adult females.
Hematocrits (Hct) in neonates, less than five dafyage (48.3%) and in adult females
(50.0%), were similar B>0.05), but Hct of pups between six days and alhovat
months old were significantly lower (37.1%<0.001) than the two other categories.
Hookworm infection had no significant influence pup Hct £>0.05) or on the other
haematological parameters measured (total whitedotell (WBC), differential WBC
and platelet count$>0.05). Overall the relationship between numberbaskworms
and clinical disease could not be clearly estabtisinom either the necropsy data or the

comparative study in live pups.
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INTRODUCTION —Chapter 6

The hookwormsAncylostoma spp.,Necator spp.,Bunostomum spp., andJncinaria
spp. infect a vast range of mammalian hosts, inectudumans (Anderson, 2000). The
clinical and pathological impact of these intedtmamatodes is highly variable between
hosts and between parasite species (Prociv, 198¥)instanceAncylostoma caninum
is more pathogenic thabncinaria stenocephala in dogs (Gibbs, 1958; Jubb et al.,
1993) and thamncylostoma brazliense in dogs and cats (Miller, 1966). Hookworm
disease is characterized by iron-deficiency anaemaédabsorption, and lethargy in dogs
and humans (Pitchumoni and Floch, 1969; Tandom.,e1269; Prociv, 1997; Hotez et
al., 2004). Such pathological changes are lardedyrésult of the feeding mechanisms
of hookworms and the local mucosal trauma and bigetlhey cause in the intestines
(Garside et al., 2000). The buccal capsule of thEmasites is armed with smooth
cutting plates fotJncinaria spp. and teeth around the margin of the buccalubager
Ancylostoma spp.. Both structures allow nematodes to burrowhan and feed on the
host’s intestinal mucosa (Gibbs, 1958; Kalkofen7@;9Loukas and Prociv, 2001).
Primary bleeding is the direct consequence of swosal capillaries bursting under the
suction exerted by the parasite’s buccal capstles & discontinuous blood loss and
therefore seems minimal compared to secondary ibigedue to trauma at the
attachment site (Kalkofen, 1970). Haematologicanges, associated with hookworm
disease, involve the decrease of haemoglobin aitdrecyte concentrations (Dunbar et
al., 1994). Decreased haematocrit (Hct) is a maddeanaemia (Kalkofen, 1987,
Dunbar et al., 1994). In response to the presehtieeqarasite and to the local damage
it causes, various inflammatory and haemostaticha@isms are activated by the host
(Jubb et al., 1993; Prociv, 1997) and by the hoakuwatself with secretion of
anticoagulant factors and digestive enzymes (Lowkas Prociv, 2001; Williamson et
al., 2003). Haematological profiles of inflammatiare very variable with the exception
of eosinophilia, which has consistently been regbrin neonates diagnosed with
hookworm disease (Dunbar et al., 1994; Prociv, 198vari et al., 2004).

In pinnipeds,Uncinaria species have been commonly reported in otariidss@als
and sea lions) (Olsen, 1952; Botto and Mafie-Gari8ii5; Sepulveda and Alcaino,
1993; Lyons et al., 2000; Berdn-Vera et al., 2004stinel et al., 2006) but there are
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very few reports of these parasites in phocidsléyand Hill, 1970). Only two species,
Uncinaria lucasi and Uncinaria hamiltoni have been described (Baylis, 1933, 1947),
but intermediate types were reported (Olsen, 18&8tey and Hill, 1970; Castinel et
al., 2006). Pups are the only age class to betaffdzy uncinariosis (Olsen and Lyons,
1965; Sepulveda and Alcaino, 1993; Lyons et al0120 Hookworms have been
associated with pup morbidity and mortality in seVeotariid species including
northern fur sealsQallorhinus ursinus) (Keyes, 1965; Kato, 1997; Lyons et al., 2001),
California sea lionsZal ophus californianus) (Lyons et al., 2001), and New Zealand sea
lions (Phocarctos hookeri) (Castinel et al., submittedsee Chapters 2 and 5).
Transmammary transmission has been described a®nliyemode of infection in
otariids to achieve a patent infection (Olsen aydns, 1965). Yet, neonates do not
necessarily succumb to hookworm infection. In stadbn neonatal mortality in Juan
Fernandez fur seal pupAr¢tocephalus philippi) and in South American sea lion pups
(Otaria byronia), there was no pathological changes observed @bpsgy, despite the
presence of hookworms (Sepulveda and Alcaino, 1®80n-Vera et al., 2004,
respectively). However, the intensity of infectiom these two reports indicated the
hookworm burden was less than 150 hookworms pewithaél, which is very low
compared to that reported in other species for e burden was often more than
1,000 hookworms per pup (Lyons et al., 2001; Caben al., submitted, see Chapter
5). In northern fur seal pups with clinical unciiars, the principal necropsy findings
consisted of haemorrhagic enteritis with resulamgemia (Lucas, 1899; Olsen, 1958;
Keyes, 1965). The histopathological changes destriim California sea lion and
northern fur seal pups included local infiltratiohthe intestinal mucosa by leukocytes
and bacteria (Kato, 1997; Spraker et al., 2004es€hhistopathological lesions were
consistently related to parasites which were areth@nd feeding on the intestinal
mucosa (Gibbs, 1958; Loukas and Prociv, 2001). I8irtesions have been noted in old

feeding sites.

There have been only a few studies investigating itifluence of hookworm
infection on haematological parameters in otariigpg Olsen (1958) reported lower
values of Hct for northern fur seal pups with aadi signs of hookworm infection
(range of 11-27%) compared to apparently healtlpysguange of 33-44%). However,
the results were not consistent and some apparesadihy pups had a low Hct (22 and
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23%). On San Miguel Island (California), there wasmarked difference in the
occurrence of hookworm disease between two otapé&ties sharing the same rookery
(Lyons et al., 2001). In this study, northern feakpups, for which all faecal samples
were negative for hookworm eggs, had a signifigahtgher Hct than California sea
lion pups of the same age, which were almost aflitpe for hookworm infection
(mean Hct of 42% and 30%, respectively). Howewdrether this difference was due

to the parasite-host relationship or to interspeeiariations between hosts is unknown.

The objective of the present study is to descriiee gost-mortem lesions directly
associated with hookworm disease in NZSL neonatelsta measure the short-term
impact of Uncinaria spp. infection on NZSL pups’ health using haemajicial

parameters.
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MATERIALS AND METHODS —Chapter 6

The present research is part of a larger studystigating the causes of neonatal
mortality in NZSLs from 1998/1999 to 2004/2005 (@@l et al., submitted; see
Chapter 2). Only data related to the pathogenafityookworms will be presented here.
All NZSL pups (n=455) that died on Sandy Bay Beemtkery from early December to
late February each year were necropsied usingralaté protocol that examined all
organs and systems. Samples were collected faypatdtology, serology, parasitology,
bacteriology and virology. Tissues and organs nalyi sampled for histopathology
included skin, skeletal muscle, brain, spinal cootdigue, tonsil, thyroid, trachea, lungs,
heart, lymph nodes, diaphragm, liver, spleen, pas;radrenal glands, kidney, stomach,
intestine, urinary bladder, and gonads. Tissueg Vieed in 10% buffered formalin and

stained with haematoxylin-eosin (Luna, 1993).

Body condition of pups was rated in accordance With abdominal blubber depth
immediately posterior to the umbilicus (poor: Iésan 5 mm, moderate: t& 10 mm,

fair to good: 10 to 15 mm, or excellent: more th&mm).

Total intestinal worm count was undertaken for s between 1998/1999 and
2004/2005. These were estimated by counts on 1@fwo#s of total washings of the
small intestine sieved through a 150pm-mesh siave2003/2004 and 2004/2005,
faecal egg counts were estimated for ten necropgsigs and 14 live pups, using a
modified McMaster technique where each egg courgépdesented 50 eggs per gram
(epg). Full details on these parasitological teghes are presented elsewhere (Castinel

et al., submitted; see Chapter 5 and Appendices 5.4 and 5.5).

In 2004/2005, 48 pups born to known females weeatiled at birth by recording
the number of the mother and by gluing a 100-mnstiganarker cap onto the pup’s
head and back (Chilvers et al., 2006a). They weaisee@ by sex and date of birth. In
order to create “parasite-free” pups to investighte pathological role of hookworms,
one pup from each pair was treated with iverme@00 pg/kg; Ilvomec® injection for
cattle, sheep and pig, 10g/L ivermectin, Merial Néealand Ltd) at two days, one

week, and one month of age. Two groups were form¢dhe “parasite-free” pups,
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treated with ivermectin, and 2) the untreated piys were assumed to have acquired
natural infections shortly after birth. This wasfioned by identification of hookworm
eggs at about the end of the prepatent period @mtvi6 and 19 days of age; Castinel
et al., submittedy; see Chapter 5). Pups were briefly held for less thami@utes and
only when the mother was foraging at sea. Faecapkes were collected from each pup
using a rectal loop approximately weekly or forhilg to verify the efficacy of
ivermectin and therefore the status of being “peedsee” or that eggs were present in
“naturally-infected” for each pup. Faecal analysissisted of a direct smear if only a
small amount of material could be recovered; otls@wilotation of one gram of faeces
with 28 ml of saturated NaCl solution was followleg microscopic examination (from

x100 to x400 magnifications).

Blood samples were obtained from 18 different piupsh both treatment groups (8
control and 10 infected pups) between birth and&@& of age. Some individuals were
sampled several times over the study period, lieguih a total of 45 samples. Blood
was collected from the caudal gluteal vein, usi@giduge x 38-mm needles, and stored
in a tube with EDTA (Vacutainer®, Becton-Dickinsamd Co., New Jersey, USA).
Simultaneously, 23 lactating females, all mothedrsnarked pups, were captured for
ongoing studies and blood sampling was conductetbruanaesthesia. Haematocrit
(Hct) values were obtained in duplicate by ultrdd&rgation of heparinized
microcapillary tubes, and by using a micro-haemdtoeader. Manual haematological
techniques were employed in the field for totalclezyte and platelet counts using the
Unopette system for white blood cells (WBC) (©UntdpeBecton-Dickinson and Co.,
New Jersey, USA). Blood smears were made and fixd®0% ethanol in the field for
May-Grinwald Giemsa staining in the laboratory. Tpeportion of segmented
(mature) and band neutrophils, lymphocytes, mores;yeosinophils, and basophils

were estimated by differentiating 100 cells pedesli

In both pups and adult females, data were nornthdiyyibuted for Hct, total WBC,
platelet, segmented neutrophil, eosinophil and ropgi@o counts. Normality was
obtained for lymphocyte counts after a square-toabsformation. The correlation
between pups’ ages and Hct was tested using thesd®es coefficient of correlation

and with a scatter plot of Hct by age. Hct wasaggor the effect of age (less than five
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days-old or older) by analysis of variance (ANOVALt values for each of the two pup
groups were also compared to the group of adultafesn The effect of hookworm
infection (“parasite-free” Vs “naturally-infecte@dups) on Hct, total WBC, segmented
neutrophil, eosinophil, monocyte, square-root tf@msed-lymphocyte, and platelet
counts was tested with a One-Way ANOVA. The analgéivariance was also used to
compare haematological values between male anddegmuips. All statistical analyses
of haematological parameters were performed udiegstatistical computer package
SPSS (SPSS Version 12.0.1, ©SPSS Inc., IL, USAgtissital analyses were not
performed on epg counts due to the very small sarsige. However, results are given

as ranges followed by their median.
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RESULTS —Chapter 6

Hookwor m burden and clinical disease

Post-mortem examinations conducted in 455 pups fi@®8/1999 to 2004/2005
showed that hookworms were present in all pups withean burden of 824 parasites
per individual (range: 50-8,329; 95% confidenceeimal for the mean burden: 136-
3,323, Castinel et al., submitteske Chapter 5). They were only found in the small
intestines. Hookworm infection was a recurrent dagis, either as a direct cause of
mortality (mean: 13%, range: 6-21%, Castinel etaalbmitted,see Chapter 2) or as a
factor contributing to mortality (range: 34%-64%pdading on the year, Castinel et al.,
submitteda; see Chapter 5).

Faeces of necropsied pups found infected with hookws were generally liquid,
very dark and in some cases, stained with frankdldhe faecal egg count could be
estimated on a limited number of pups during th@322004 and 2004/2005 seasons. In
dead pups (n=10), ranges of epg counts were [9EBQL when uncinariosis was the
primary cause of mortality (n=6 pups, median=6,4p@) and [1,000-3,500] when it
only contributed to death (n=4 pups, median=1,88@).eFor six of these necropsied
pups, both faecal egg count and hookworm burdee aeailable but no trend could be
determined as the sample size was very small aiten¢he minimal nor the maximal
burdens were associated respectively with the nahiamd maximal egg counseg
Appendix 6.1). Faecal egg counts in live pups viegaly variable, ranging from 200 to
more than 40,000 epg (n=14, median=7,0&@;Appendix 6.1). The age of pups was
generally not known. In three pups where the age kmawn, the faecal egg count was
more than 40,000 epg at 30 days-old, 4,400 epg3alags-old and 8,000 epg at 50
days-old ¢ee Appendix 6.1). No egg were seen in any faecal sasnflom the
“parasite-free”. Their faeces were still liquid baotcontrast to all other infected pups,
they were a light khaki colour.

Gross findings

Pups diagnosed with uncinariosis as the primargeatf death were in good (30%)
to excellent body condition (60%), with a blubbaydr consistently thicker than 10
mm. For pups infected with hookworms, but dyingniranother factor, body condition

was extremely variable. In freshly dead pups, aigfonot formally analysed, there was
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no apparent relationship between pale buccal mucosmbranes and the presence of
adult hookworms in the small intestines.

Internal examination of pups diagnosed with fatatinariosis as the primary post
mortem diagnosis showed that lesions were confioele intestinal mucosa and to the
gut-associated lymphoid tissues (GALT). Patholdgd@anges consisted of mild to
severe haemorrhagic enteritis, with frank blood addlt parasites in the intestinal
lumen. The intestinal serosa was generally palevbut dark bowel loops containing
large amounts of frank blood in the intestinal lunveere also present. Scattered focal
haemorrhages, corresponding to sites of attachofenbokworms, were observed on
the mucosa and were visible from the serosal seirfRmy. 6.1a, 6.1b). Indeed, the gut
wall was thickened in most cases but, in some fiemicasses of pups with severe
intestinal haemorrhage, the mucosa had become mnadiyethin, which gave the
intestines a very dark and bloody tint. Peyer'scpes and mesenteric lymph nodes

were generally enlarged and haemorrhagic in sorsesca

When hookworm infection was only considered to lm®miributory cause of death,
changes observed at necropsy were extremely variahd ranged from no visible
lesions to mild haemorrhagic enteritis. In thesgesa bacterial infections and trauma
were generally the main causes of death.

W

Figure 6.1a Petechial haemorrage on duodenal serosa
of a NZSL pup with hookworm enteritis. Bar=10mm
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Figure 6.1b Adult hookworms Incinaria spp.) in
the lumen of the duodenum in a NZSL pup with
severe uncinariosis. Bar=bmm

Histopathology

All the histological changes directly associatedhwhookworm infections
involved the intestinal tract, especially the dunai®, the mesenteric lymph nodes and
the GALT.

Sections of small intestine frequently showed €rssctions through hookworms
which were both free in the lumen and embeddedinviite mucosa and submucosa
(Fig. 6.2). Embedded nematodes were variably snded by a zone of necrosis or of
congested tissue. These were both accompaniednfiitration by moderate numbers
of neutrophils and plasma cells, with fewer lympytes and macrophages. No
eosinophils were observed. These areas also cedtanmerous mixed colonies of
bacteria. Vessels in the surrounding submucosa generally markedly congested,
with occasional haemorrhage. Similar areas of msegrocontaining bacteria and
inflammatory cells, were often present in the macos the absence of hookworms
(Fig. 6.3a, 6.3b). In many sections of the intestithere were moderate numbers of
distended crypts containing degenerate inflammatetls and necrotic debris. These
areas of necrosis and distended crypts were prpbpi#vious feeding sites of
hookworms.

The cortex of all mesenteric lymph nodes and theLGAontained increased
numbers of plasma cells and neutrophils and foesntorrhage was occasionally

observed. Germinal centres were prominent.
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Figure 6.2 Transversal section of small intestine of a NZSIp pu
showing two sections of hookworms. There is noblgsisign of
villous atrophy or histopathological changes indieeper layers.

Figure 6.3a Histologic transversal section of duodenum of a NZS
pup with necrotic plug in a crypt (arrow). This rEgponds to an old
hookworm feeding site. Integrity of submucosa angscies layers
seem preserved.

Figure 6.3b Higher magnification of Fig.6.3a, showing an old
feeding site of hookworms in a NZSL pup.
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Haematol ogy

Haematocrit was measured to investigate clinicaleama in live pups. Overall,
there was no significant difference between “paeasee” and “naturally-infected”
pups or between male and female pups0(05). Nevertheless, the scatter plot of Hct
against pups’ ages showed a dramatic drop in vdivesdays after birth; then it
continued a more steady decrease of Hct until aeoitmonths of age, which was at
the end of the study period (Fig. 6.4). This breafiipdefined two age groups amongst
pups. Hct values of newborns, from birth to fiveysi@ld, were higher than for older
pups P<0.001), but did not significantly differ from adufemales (Fig. 6.5). In
contrast, Hct of pups between six days old and atvom months of age was lower than
the adult group R<0.001). Mean Hct values for newborns and aduitales were
48.3% and 50.0%, respectively, contrasting witil3«in older pups (Table 6.1). Total
WBC counts were between 3,550 and 24,300 gélis/pups and between 3,450 and
42,400 cellsjul in adult females (Table 6.1). Total WBC countsreveot affected by
pups’ ages before or after 5 days of age, sex,yothke presence of hookworms
(P>0.05). Even though WBC counts reached higher gaineadult females, there was
no significant difference between pups and fem@ke®.05). Likewise, counts for all
the different types of leucocytes overlapped betwbese two groups. Table 6.1 shows
the mean percentages and ranges for each WBC aulbiop. The most abundant cell
type was mature neutrophils, which represented%&# the total leucocytes in pups
and 57.2% in adults. Lymphocytes were the seconst edmundant WBC subpopulation
(Table 6.1). No basophils could be identified oty &fbod smears. In addition, there
was no influence attributable to the presence okhmrms, sex or age of the pups on

any cell counts or platelet coun>0.05).
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Pups Adult females
(n=44) (n=14)
Haematocrit (Hct) (%) <5 days-old > 5 days-old
42-58 (50)
43-59 (48) 26-50 (37)
Platelets (1&mmn) 0-976 47-438

Total WBC ( ul)

Band neutrophils (%)
Mature neutrophils (%)
Lymphocytes (%)
Monocytes (%)
Eosinophils (%)
Basophils (%)

3,550-24,300 (8,995)
0-972 (36)
1,065-20,169 (5,253)
213-16,038 (2,321)
71-9,720 (1,313)
0-1,458 (54)
0

3,450-42,400 (12,154)
0-1,700 (73)
1,483t30 (6,952)
483-19,125 (3)48
103-12,325 (1,543)

0-8,075 (158)
0

Table 6.1 Range (mean) of haematological parameters measuMdSL pups and adult
females. Pups were divided into two groups ¥ days-old and > 5 days-old). For
lymphocyte counts, the back-transformed mean isrgiv
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DISCUSSION —Chapter 6

Post mortem findings associated with hookworm itié&cin NZSL pups were
confined to the intestinal tract and, in most casessisted of haemorrhagic enteritis.
However, after comparing blood parameters betwgmarasite-free” and “naturally-
infected” pups, the presence of hookworms did metns to influence haematological

values of pups between birth and about two moritlage.

Clinical and pathological manifestations of hookmanfection in mammalian hosts
have been reported to be haemorrhagic enteritéingao iron-deficiency anaemia as
the major features (Pitchumoni and Floch, 1969]ewil1971; Tiwari et al., 2004) with
other less important signs including skin lesiodsrrhoea, plasma protein loss,
malabsorption, and more rarely secondary bactariattions (Pitchumoni and Floch,
1969; Miller, 1971; Spraker et al., 2004; Tiwari at, 2004). However, the term
“hookworm disease” has often been misused in repeferring to morbidity of animals
infected with hookworms (Miller, 1971). It is impgant to differentiate hookworm
infection from disease. In this regard, unlike om® other otariid species from the
Southern Hemisphere (Sepulveda and Alcaino, 1968ByI8eda, 1998; Beron-Vera et
al., 2004), the presence of adult hookworms in NAflps’ intestines was generally
associated with pathological changes and was detedrio be the principal cause of
mortality in 13% of the pups at Sandy Bay Beaclkeop (Castinel et al., submittds]
see Chapter 2). In the most severe cases, the intsstind both thicker and thinner
segments, similar to the changes described in aortfur seal pups by Lucas (1899)
and Keyes (1965). Parasitic burdens in NZSL pupswenerally over one thousand
per individual (Castinel et al., submitted see Chapter 5), even when hookworm
infection was not the primary cause of death. Imgarison, the intensity of infection
was reported to be lower in northern fur seal pujik fatal uncinariosis (mean of 760
hookworms per pup; Lyons et al., 2001). Therefareseems that most NZSL pups
could tolerate greater numbers of parasites irr ihestines before succumbing to the
infection compared to northern fur seal pups, pbgddecause of their greater body
size. The generally good body condition of pupshwirimary hookworm disease
suggested that death had occurred very suddenily likely that they could have died

from acute anaemia following severe blood loss edursy high numbers of hookworms.
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Assuming pups were infected in their first dayslitd through colostrum, parasites
would have started feeding synchronously or attleas very narrow time window.
This acute phenomenon would explain why NZSL pufik wncinariosis as a primary
cause of death were generally in good to excelmdy condition. Based on the
prepatent period following infection through thdostrum (Castinel et al., submitted a;
see Chapter 5), pups diagnosed with hookworm infectam a primary cause of
mortality would be about three-weeks of age. Howetleere were no data to support
this hypothesis, since the age of pups could notdé&ermined with accuracy at
necropsy and none of the pups in the “naturallgétdd” group died. Acute hookworm
disease related to severe anaemia has been reportel common inAncylostoma
caninum infections in canine pups (Miller, 1971). By comstrrdJncinaria stenocephala

is not as pathogenic in dogs Ascylostoma species: it has been suggested that the
blood loss caused Wy. stenocephala was lower compared t&. caninum (Miller, 1971,
Kalkofen, 1987; Hotez et al., 2004). UncinariosidNZSLs appears to be more similar

to ancylostomiosis in dogs.

Ivermectin has been reported to be effective imielating adult hookworms from
northern fur seals (Beekman, 1984). However neitherduration of the drug efficacy
nor its effect on tissue larvae acquired via pemceabus infection were investigated in
that study. In the present study the absence dkvmman eggs in “parasite-free” pups
indicates that this particular ivermectin treatmpnitocol was effective in removing
adult parasites. Total WBC counts of NZSL pups dodt be related to the presence or
the absence of hookworms nor to any external sifn$acterial infections (e.qg.
conjunctivitis, suppurative wounds). There were s@nificant differences in
differential WBC and platelet counts between “paeaBee” and “naturally-infected”
pups and the absence of basophils noticed for N&BL pups and adult females
confirmed what had been previously reported fos thpecies (Clark et al., 2002).
Interestingly the eosinophil counts were low intbgtoups of pups. Eosinophil counts
are commonly elevated in parasitised animals bertetlwas no such evidence in this

study.

Significantly lower Hct were found in pups of 5-Bfys of age compared to

newborns and adult females. This coincides withpeod when maximal blood loss
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would be occurring due to hookworms. However, thveas no significant difference in
Hct between “parasite-free” and “naturally-infectgqulps. Although the number of
samples and pups is small, it suggests there @atdbe a physiological explanation
for the decline of Hct values observed in both geoafter five days of age. General
temporal variations of Hct values in these NZSL puere similar to those reported in
some other otariid species (Beckmen et al.,, 2008hrRond et al., 2005). In free-
ranging Steller's sea lion pups, the lowest Hct vee®rded around weaning time when
they were three months old (Richmond et al., 200Bj)s was immediately followed by
an increase of Hct and, by five months of age, aslvere similar to Steller’'s sea lion
adults. The augmentation of Hct could be the resiyups starting to dive at about five
months to age to an increased depth, hence reguiigiher haemoglobin concentrations
to sustain the oxygen demand during such divesh(®md et al., 2005). It seems that
once pups start diving, their Hct increases. NZ8psphave been observed first going
to sea at about one and a half months of age, tbist mot known when repeated
exposures to anoxia start to have a significardcefbn their haematological values
(Hawkey, 1975). Hct, like other blood parameterspinniped neonates, have been
reported to be influenced by their nutritional sga{Rea et al., 1998) and their diving
activity, which was demonstrated by studies commgariree-ranging and captive
animals (Dierauf and Gulland, 2001; Lander et &Q03). Erythrocyte size,
haemoglobin concentration and iron levels were measured in these NZSL pups,
which made it impossible to determine if there vemy evidence as to whether the
anaemia was typically acute with normocytic andnmachromic erythrocytes, or non-
regenerative with microcytic and hypochromic ergttytes as expected with chronic
blood loss. Non-regenerative anaemia was reporiedome northern fur seal pups
infected withUncinaria lucas (Olsen, 1958). In dogs, old feeding sites of hootms
that had migrated to another feeding location hbeen observed to demonstrate
chronic bleeding (Prociv and Loukas, 2001). Similetological lesions were seen in
NZSL pups but this observation alone did not supglfficient evidence to confirm
chronic blood loss leading to non-regenerative amaeln the present study, the only
elements available for the diagnosis of anaemia wlee visual examination of buccal
mucosae in fresh carcasses at necropsy and Hasvdhale carcasses were observed in
pups diagnosed with hookworm infection regardldsattether it was a primary cause

or it had only contributed to pup death. This sstee that visual assessment of
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anaemia was not a reliable criterion. Adult femateshis study had an Hct of 50%,
which was within the range of values reported f@3\ adult females and juveniles by
Costa et al. (1998).

Histopathological changes in NZSL pups with hookwanfection mainly consisted
of infiltration of the intestinal mucosa and subms& with moderate numbers of
neutrophils, plasma cells and bacteria. Vesselssnding hookworm feeding sites
were occasionally observed to be markedly congebtgdthe histological damage
caused byUncinaria spp. in NZSL pups was generally limited to the maa@nd
submucosa. By contrast, hookworms have been olzkéoveerforate the gut wall and
cause peritonitis in California sea lion pups (®praet al., 2004). In that report,
nematodes were observed to penetrate deeply iatontitosa, severely disrupting the
epithelial integrity and some were even recoveretthé peritoneal cavity of these pups.
In the present study, although firmly anchored,kvamrms did not extend beyond the
submucosa and none were observed in the peritoae#y. As a result of the epithelial
damage found in this study and reported by othérfis, not surprising to find large
numbers of bacteria in mesenteric lymph nodessiima& submucosa and muscularis.
These bacteria may have entered through the detuptucosal barrier around the
hookworm feeding sites (Garside et al., 2000). Gosd with the presence of
hookworms, the circulation of bacteria of inteskir@igin results in a complex
syndrome known as “hookworm infection with enterittnd bacteraemia” (HEB)
(Spraker et al., 2004). However parasitic entewts only occasionally associated with
septicaemia in NZSL pups at necropsy. The airwaygkthe umbilicus are more likely
routes of entry for bacteria causing septicaemiapups but the possibility of
hookworms compromising the integrity of the inteatiwall and leading to bacteraemia

could not be ruled out.

Other lesions reported in animals with hookwormedse include skin lesions
following percutaneous infection with larvae, dievea and malabsorption syndrome
(Miller, 1971; Hotez et al., 2004). Skin damage baen observed in cases of severe
infection of dogs withAncylostama caninum and Uncinaria stenocephala, often
aggravated by self-mutilation triggered by locaitation and inflammation (Smith and

Elliott, 1969; Miller, 1971; Hotez et al., 2004)eféutaneous infection also occurs in
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NZSLs, regardless of their age (Castinel et alpnstted a; see Chapter 5) but such
cutaneous lesions have never been seen in pugsrapsy or whilst alive. Determining
if diarrhoea was present was difficult as all pipduding those in the “parasite-free”
group had liquid faeces and overtly watery faecegewnever seen in any pups.
Diarrhoea is another clinical manifestation of ctfen with hookworms but seems to be
transitory and therefore less frequently reporteahtanaemia and skin lesions (Miller,
1971). However, black stools were frequently obsdrin NZSL pups at Sandy Bay
Beach. At necropsy, very dark and blood-staineddaavere generally associated with
heavy burdens of hookworms in the intestines (ngaster 2,000). Similar observations
have been made in dogs and humans (Soulsby, 198%ariTet al., 2004).
Malabsorption of nutrients has been proposed agymifisant issue in hookworm
infection in several hosts (Kalkofen, 1970; Mill&971; Garside et al., 2000; Hotez et
al., 2004) including northern fur seals (Brown kt 2974) but in the present study, no
attempt was made to measure nutrient uptake. Wihastrongylids in ruminants, the
principle issue has been reported to be the logwaikin rather malabsorption per se
(Coop and Holmes, 1996) and the situation with mawkns is probably similar. No
differences in daily weight gain and weight at abiweo months of age were measured
in NZSL pups treated with ivermectin (following tsame protocol described in the
present study) compared to naturally infected @ifSandy Bay Beach (Chilvers et al.,
2006a). These findings reinforced the hypothesas lookworms did not affect growth
in NZSL pups, from birth to about two months-olddéed, it seemed that only gender
and weight at birth significantly contributed torigions of pup growth (Chilvers et al.,
2006a).

Uncinariosis in otariid pups has not always beaoasated with mortality (Lyons et
al., 2001; present study). In the present studgrethappears to be a considerable
variation in the pathogenicity of hookworm infectibetween pups. Some pups had
very large faecal egg counts and appeared to teléna infection very well. The host-
response may influence the pathogenicity of hookwgoover and above direct factors
such as blood loss. Indeed, regardless of diffegnmm hookworm burdens,
homozygosity for particular genes has been sugdéstpredispose California sea lion
pups to anaemia (Acevedo-Whitehouse et al., 20BiB)ilarly, there may be genetic

factors influencing the susceptibility of NZSLslookworm disease.
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CONCLUSION —Chapter 6

The relationship between numbers of hookworms #ndtal disease in NZSL pups
could not clearly be established. Infection withhcinaria spp. did not seem to
invariably cause anaemia although intestinal lesiarere generally observed. The
haematological values presented here were colleiedg a breeding season without
unusual mortality events and could serve as agméerpoint for future studies and for a
more comprehensive survey of the NZSL pup poputatd Sandy Bay Beach,
Auckland Islands. Further studies should be foalisse uncinariosis in older pups to
determine the long-term impact of chronic infectimmd the time when they develop

immunity toUncinaria spp.
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Chapter 7

Characterization of Klebsiella pneumoniae isolates
from New Zealand sea lion (Phocarctos hookeri) pups
during and after the epidemics
on Enderby Island (Auckland Islands).

Submitted for publication

to Veterinary Microbiology
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ABSTRACT-Chapter 7

The 2001/2002 and 2002/2003 breeding seasons ofAdadand sea lions (NZSLs)
on the Auckland Islands were marked by a high poptaiity caused by acute bacterial
infections. As part of a health survey from 1998430 2004/2005, tissues and swabs
of lesions had been collected at necropsy to iflettie bacteria associated with pup
mortality. Klebsiella pneumoniae was grown in pure culture from 83% of various
organs and lesions in 2001/2002 and 76% in 2002/2@60d less frequently in the
following seasons (56% in 2003/2004 and 49% in 22035). Pup isolates of
K.pneumoniae showed identical minimal inhibitory concentration@IC) of
cefuroxime, neomycin, cephalotin, cephalexin andydiiostreptomycin, suggesting
clonal aetiology of the pathogen. Isolates alsdetesnegative for production of
extended-spectrum beta lactamases (ESBLs), whicek nat in favour of an
anthropogenetic origin of the epidemic strain. Bdlfield gel electrophoresis (PFGE)
of Xbal DNA macrorestriction fragmentsas performed on isolates Bfpneumoniae
and K.oxytoca from 35 pups, the NZSL adult females, and frone¢hhuman patients
for comparison. PFGE showed that pup isolateX gheumoniae were genetically
indistinguishable but were neither related to khpneumoniae isolates from humans
and from NZSL adults nor to the.oxytoca isolates from NZSLs. It is concluded that
the 2001/2002 and 2002/2003 epidemics at Sandyr&zery were caused by a single
K. pneumoniae clonal lineage, genetically different from the strain carried byuld
NZSLs. There was no evidence that tKispneumoniae clone was of anthropogenic

origin, but further investigations are requiredute-out this possibility.
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INTRODUCTION —Chapter 7

Klebsiella species are opportunistic bacteria, commonly foumthe environment
and in the intestinal flora of humans; they fredlyertause nosocomial infections
associated with high morbidity and sometimes mibytain hospitalized patients
(Podschun and Ullman, 1998). In addition, Klebsielhave been commonly cultured
from assorted internal tissues in marine mammalsdfds et al., 1982; Baker and
McCann, 1989) and in a large range of wild birdsptifes and terrestrial mammals
(Aguirre et al., 1994; Montgomery et al., 2002; ékeet al., 2005). Nevertheless
Klebsiella species have never been associated with mass ityomtala wild animal

population.

The New Zealand sea lion (NZSL) is one of the werldirest and most highly
localised pinnipeds. They were classified as “vidb&e” by the IUCN (Reijnders et al.,
1993) and “threatened” under the New Zealand MaMiaenmals Protection Act 1978
(Molloy and Davies, 1994). NZSLs breed on New Zgedls sub-Antarctic Islands
between latitudes 48°S and 53°S (Gales and Matil#if7). The 2001/2002 and
2002/2003 breeding seasons were marked by masalityoaf pups in the Auckland
Islands breeding colonies (Wilkinson et al., 2008jth 31.3% of pup death in
2001/2002 and 21.7% in 2002/2003, compared to 10mOfte previous year (Castinel
et al., submittedb; see Chapter 2). Lesions of internal organs consistetit & bacterial
infection were seen in a large number of carcasmes$ K. pneumoniae were

subsequently isolated from the majority of thes&las.

Members of the family Enterobacteriacae, includiiigosiella species, can acquire
plasmid-mediated extended-spectrum beta-lactam@&®BLs) that provide resistance
not only to penicillins but also to broad-spectregphalosporins, monobactams, and
cephamycins (Hindler et al., 1994). The acquisitafhsuch extended resistance is
characteristic of Enterobacteriacae in the humanr@mment and has become a key
feature in the investigation of epidemic situatianshospitals (Gouby et al., 1994;
Hindler et al., 1994). Pulsed-field gel electropsis (PFGE) of DNA macrorestriction
fragments, a highly discriminatory whole-genome DNAing method for bacterial

subtyping, is frequently used to characterize ESBtoducingKlebsiella pneumoniae
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strains involved in nosocomial infections and oe#lis (Gouby et al., 1994). PFGE has
also been applied to the investigation of genetlationships between strains of other
Enterobacteriacae, such &scherichia coli (Beutin et al., 2005) an&almonela

enterica (Dionisi et al., 2006).
This paper provides a microbiological and molecutdraracterization ofK.

pneumoniae isolates from NZSLs, associated with high pup niitytaduring the
2001/2002 and 2002/2003 breeding seasons on SandBéach (Enderby Island).
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MATERIALS AND METHODS —Chapter 7

Bacteriological analyses

From 1998/1999 to 2004/2005, all NZSL pups founddden Sandy Bay Beach
(Enderby Island, 5030'S, 166 17'E) were necropsied as part of a health momitpri
programme on the Auckland Islands. Lesions condistéith bacterial infections
accounted for 24% of the primary causes of pup afirtduring this period (Castinel et
al., submittedb; see Chapter 2). During the two seasons of high pup atityt in
2001/2002 and 2002/2003, the most common post molésions were polyarthritis,
peritonitis and meningoencephalitis, which were rabterized by a collection of
mucopurulent material in joints, peritoneal andepi@lic cavities. Most lesions were
acute, but chronic necrotising dermatitis was cocedly observed in a few pups at
necropsy. Tissues and swabs from lesions werectetleat post-mortem and stored in
liquid nitrogen, until they were processed at Mgddriversity (Palmerston North, New
Zealand). The number of tissue samples analysetdderiology ranged from one to
nine samples per pup. In addition, tissue samptas the carcass of one NZSL adult
male from Otago Peninsula (South Island of New &®ed), and tissues from one adult
female caught by a New Zealand Squid Fishery traaiel from two adult females
found dead at Sandy Bay Beach were collected id 20@ 2005.

At Massey University, tissue samples were cut apeh material from the inside of
the sample was inoculated onto sheep blood agat)(8Bd MacConkey plates using
sterile swabs. Swab samples were directly inocdlatdo plates. Plates were incubated
in aerobic conditions at 37°C for 24 to 48 hounshjEctive assessment of the bacterial
growth was performed after the incubation periéa inixed culture with no dominant
colony-type was seen, the sample was consideradroomated. If a single colony-type
or a mixed culture with a preponderance of one ropldype was seen, one
representative colony was picked for further analfrom either the MacConkey or the
SBA. Gram-negative bacilli were identified phendegly using Microbact” system
test-kit (MedVet Science Pty. Ltd, Adelaide, Au&haccording to the manufacturer’s
instructions. No other identification schemes wapplied as no other bacteria were

identified in the samples.
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After the identification, bacterial isolates wettered in suspension in glycerol broth

and frozen at minus 80 °C for future reference.

Molecular characterisation with pulsed field gel electrophoresis (PFGE)

Forty Klebsiella pneumoniae isolates collected during the 2001/2002 and 200320
breeding seasons and 25 isolates obtained in 2008/2nd 2004/2005 were genotyped
by pulsed field gel electrophores{fPFGE) analysis oXbal DNA macrorestriction
fragments. Mostly, one isolate per animal was idetliin the analysis, but for four pups
necropsied in 2004/2005, two isolates from différ@ngans for each pup were tested to
assess the similarity of isolates from the samenahiln addition, seven isolates of
Klebsiella oxytoca and twoKlebsiella spp. collected between 2001/2002 and 2004/2005
were included in the analysis. Three human isolafeK. pneumoniae (courtesy of
Palmerston North Hospital microbiology laboratorif)ree isolates oK. pneumoniae
grown from three adult female NZSL in 2004/2005¢@aught in New Zealand Squid
Fishery trawl nets and two necropsied on Endertant, oneK. pneumoniae isolate
from the adult male necropsied on Otago Peninsu004 and on&lebsiella oxytoca
isolate from a NZSL pup in 2000/2001 before the snasrtality at Sandy Bay Beach
were also analysed by PFGE. DNA extraction, digesand PFGE conditions were
largely as described previously by Fenwick et QD@ . Briefly, each NZSL isolate was
grown overnight in brain-heart infusion broth, eénoged, and resuspended in 50
microlitres of Pett IV buffer. The bacterial susp®mns were mixed with 1% low melt
agarose and transferred into plug moulds. The plg® incubated overnight at 56°C
in Lysis buffer (0.5M EDTA [pH 8.0] + 1% sodium lanyl sarcosine) containing 0.5
mg/ml of Proteinase K (Roche Diagnostics, AucklaNe@w Zealand). After lysis, a
2mm section was placed in restriction buffer camtay 30 Units of the enzymxbal,
and incubated at 37°C overnight. The restrictiaygrnents were separated by PFGE
using the following run conditions: 6V per cm fod Rours at a 120° angle, with an
initial switch of 5 seconds and a final switch & &conds. Lambda Ladder PFG and
Low Range PFG Marker (New England Biolabs, Aucklamnew Zealand) were
included as molecular size standards. Gels wereestan ethidium bromide solution
photographed under ultraviolet illumination. Toanfphylogenies, a dendogram was
constructed using the Unweighted Pair Group Methibd Arithmetic Mean (UPGMA)

method and the pairwise distance matrix of Diceffaaent of similarity between the

134



DNA banding patterns, using the Diversity Databsgstem (BioRad, Auckland, New

Zealand).

Antimicrobial susceptibility and ESBL-testing

A twofold broth microdilution method was used tdetenine the minimal inhibitory
concentration (MIC) of cephalexin (range tested:28:16 ng/ml), cephalotin (range
tested: 0.125-1@ug/ml), cefuroxime (range tested: 0.125416/ml), neomycin (range
tested: 0.06-4ug/ml) and dihydrostreptomycin (range tested: 0.Q@#4nl) against nine
NZSL pupK. pneumoniae isolates using media, inoculum sizes, and a quabéntrol
strain &aphylococcus aureus ATCC29213) in compliance  with the National
Committee of Clinical Laboratory Standards (NCCk&ommendations (Anonymous,
2002). Six of these strains (three from 2001/200d8 three from 2002/2003) were
tested for extended-spectrum beta-lactamase (EpBiduction using the disc diffusion
confirmatory test recommended by NCCLS (Anonym@@$2). Quality control strains
for ESBL testing includedescherichia coli ATCC 25922- as negative control akd

pneumoniae ATCC 700603-strain as positive control.

135



RESULTS —Chapter 7

Over the period of study, 235 tissue and lesionpsesncollected at necropsy from
pups at Sandy Bay Beach were cultured for bactanjobhnalysesKlebsiella oxytoca
was isolated in a single pup during the 2000/2@&issn. All the non-lactose fermentor
Gram-negative bacilli isolated from tissues betw@€01/2002 and 2004/2005 were
consistent withKlebsiella speciesusing Microbact” and the vast majority (100 of 114
of theseKlebsiella isolates) was identified &s. pneumoniae with more than 98% of
confidence. Some degree of biochemical variabilias observed between some of the
isolates for tests of urease activity, Voges-PraskdVP) and arabinose fermentation;
the other biochemical tests gave invariable restliligelve isolates from six pups from
2003/2004 and 2004/2005 were associated withKthexytoca phenotype; two pups
were infected with Gram negative rods, for whi€lebsiella species could not be

determined with more than 70% confidence.

Klebsiella pneumoniae was not isolated from NZSL pups that died during th
1999/2000 (n= 15 pups) and 2000/2001 (n = 4 pupa3ans, and was isolated for the
first time during the 2001/2002 breeding season2M®1/2002, this pathogen was
grown in pure culture from multiple organs in 3348 (83%) pups diagnosed with
bacterial infection at necropsy and in 31 of 40%J6pups in 2002/2003. In the
following seasons, the prevalence Kf pneumoniae isolated from pups at necropsy
decreased to 56% (n=53 pups) and 49% (n=52 pupgP®3/2004 and 2004/2005,
respectively K.pneumoniae was also identified in the adult male NZSL founcden
Otago peninsula, in the adult female NZSL caughth#gn New Zealand Squid Fishery
trawl nets in 2004 and in the two adult femalesnfbdead on Sandy Bay Beach during
the 2004/2005 breeding season.

PFGE analysis showed that the majority of pup tesldhad an indistinguishable
DNA banding pattern, but there were a few isolat@h up to three bands difference
(Fig. 7.1). The DNA banding patterns of two isotateom the same pup were invariably
identical. The DNA banding patterns Kf pneumoniae from pups differed from the
human isolates by 12 to 14 bands. One of the twdentified Klebsiella species had

the same banding pattern as khpneumoniae from pups and the other was identical to
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the K.oxytoca PFGE profile. The human isolates were different from each otmet a
from all otherKlebsiella species tested, by more than six bands. The DN#Alibg
patterns ofK.pneumoniae from adult females was different from each othed fnom
the rest of the isolates but tKepneumoniae profile of the adult male from the Otago
peninsula was identical to that of pups from SaBdy Beach. Thé.oxytoca isolates
were different from each other and frdfqpneumoniae from pups by more than six

bands.

Figure 7.1 PFGE profiles oKlebsiella spp. isolates after restriction widbal. Lane 1*
corresponds to a lambda ladder molecular markemgsla2, 8: human isolates of
K.pneumoniae; lanes 3-7 and 9-11K.pneumoniae from NZSL pups; lanes 12, 13, 15:
K.pneumoniae from NZSL adult females; lane 1K:oxytoca; lane 16:Klebsiella spp.

The UPGMA dendogram foKlebsiella species is shown in Fig. 7.2. The Dice
coefficient of similarity between any pair of pugolates was not lower than 0.85.
Conversely, the Dice coefficients of similarity WweenK. pneumoniae from pups and
from adult female NZSLs, or from humans, were lotem 0.5. This is depicted by a

clear segregation between pup and non-pup isadatéise dendogram (Fig. 7.2).
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serological study in Chapter 9.



Likewise, the Dice similarity coefficients betweel. oxytoca isolates and
K.pneumoniae isolates from pups were lower than 0.5 (Fig. 7i®erestingly, two pup
isolates identified a%. oxytoca with phenotypical tests showed an identical band

profile as thek.pneumoniae isolates from pups.

There was only a low degree of variability in théQvbf the antimicrobials against
the 12 pup isolates, with a maximum difference wd dilutions. MIC ranges were:
cephalexin: 4-8ug/ml; cephalotin: 2-4ug/ml; cefuroxime: 2-8ug/ml; neomycin: 2
png/ml; dihydrostreptomycin: 2-4g/ml). None of the tested NZSKlebsiella isolates
produced ESBLs.
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DISCUSSION -Chapter 7

The 2001/2002 and 2002/2003 breeding seasons wmaeaaterised by high
neonatal mortality on Sandy Bay Beach rookery, withunusually high proportion of
lesions consistent with bacterial infections atropsy. Klebsiella pneumoniae was
identified as the major causative agent of the y@ar mass mortality. There were
several bands of difference between isolate&.opneumoniae from pups and those
from adult females in 2004/2005. InterestinglyJases ofK.pneumoniae obtained from
adult females in 2004/2005 at Sandy Bay Beach weteelated to thosteom pups, for
the same season and at the same site. Interedtimgigolate from the adult male found

dead on Otago peninsula in 2004was identical tgtiestrain.

Klebsiella oxytoca was found in a single pup necropsied on Sandy BegcB in
2000/2001, with only moderate bacteria-induced gatiical signs at post-mortem. The
high rate of acute, severe bacterial lesions olksermn pups in 2001/2002 and
2002/2003, suggested an epidemic with a highly quahic Klebsiella strain on the
rookery. Highly invasiveK.pneumoniae are emerging as causes of internal organ
abscesses in humans, and the genetic makeup & pagsogens is currently under
study (Ma et al., 2005). The genetic similarityvibe¢n pup isolates df. pneumoniae
from 2001/2002 to 2004/2005 strongly suggests thergence and persistence of a

highly pathogenic clonal lineage in the NZSL popiola over four breeding seasons.

The clonal hypothesis faK.pneumoniae isolated from NZSL pups at Sandy bay
Beach in 2001/2002 and 2002/2003 and during tHewiodg seasons was confirmed by
the PFGE analysis, and by the extremely low MIC himthemical variability. These
isolates formed a large distinct cluster, with 096 of them presenting similarity
coefficients greater than 0.75. The presence of Kvaxytoca phenotypes within this
group of genetically closely related isolates ufides the fact that phenotypic
identification may not be as accurate as moleauartyping like PFGE to characterise

Klebsiella species in an epidemic situation.

Such clonal lineage could have originated fromedédht sourcesit could have

emerged from pre-existing strains by acquisitionioilence factors via horizontal gene
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transfer, as suggested by a clustelKginheumoniae causing liver abscess in humans
(Lau et al., 2000). Likewise, the introduction ofew, highly pathogenic clonal lineage
possibly from human origin could have caused theswmaortality events in a naive wild
population. Since small numbers of adult male mwvenile NZSLs are found on the
Otago Peninsula, which is close to the populatgdafi Dunedin (South Island of New
Zealand), it is conceivable that these animalshbesh infected with human Klebsiellae
from sewage contaminated waters. The animals dbeld serve as vectors between the
New Zealand South Island and the breeding colonieshe Auckland Islands, as
suggested by the presence of the pup clonal epidstrain in an adult sea lion on
Otago peninsula in 2004. This adult was probabigated at Sandy Bay Beach rookery
and travelled to the New Zealand mainland. A revéransfer is just as likely. Human
strains ofKlebsiella might be expected to show increased resistan@ntimicrobial
agents (Briggs et al., 2005). Hence, ESBL testih2SL isolates was undertaken to
possibly obtain an epidemiological clue for an amplogenic origin of the clone, as
ESBL-positive strains have been identified in thanan environment. Reports on
antimicrobial susceptibility profiles oK.pneumoniae in New Zealand are scarce
(Karalus et al 1991; Briggs et al 2005), iiebsiella ESBL-positive strains are also
present in New Zealand (http://www.surv.esr.crifizF _surveillance /Antimicrobial/
ESBL_2005.pdf). All NZSL pup isolates tested weegative for ESBL production,
and given the evidence for monoclonal origin of teelates, such a result can be
generalised to the entire number of isolates. Wet,absence of ESBL production by
itself is not sufficient to rule-out an anthropogerorigin of the epidemicK.

pneumoniae.
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CONCLUSION —Chapter 7

In conclusion, results of this molecular and phgpiat investigation indicate the
emergence of a single highly pathogekigneumoniae clonal lineage that caused mass
mortality in NZSL pups during two consecutive bregdseasons on the Auckland
Islands. No anthropogenic source of infection ccaddestablished. More research on
the genetic makeup of the isolates would be ne¢deelucidate the circumstances

surrounding the emergence of such a highly pathog#gone on the rookery.
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Chapter 8

Description of the 2002 and 2003
Klebsiella pneumoniae epidemics
in New Zealand sea lions
on Enderby Island (Auckland Islands).

To be submitted for publication

to theJournal of Wildlife Diseases
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ABSTRACT —Chapter 8

The 2001/2002 and 2002/2003 breeding seasons irNéve Zealand sea lion
(NZSL) were marked by unusually high pup mortaditet Sandy Bay Beach rookery
(Enderby Island, 5030’'S, 166 17’E), with a dramatic increase in deaths due to
bacterial infections. A variety of suppurative s were observed at necropsy, with
arthritis of one or more joints being the most treqt post-mortem finding during these
two epidemic seasons. Other consistent lesions woaiéulitis, peritonitis and
meningitis.Klebsiella pneumoniae was constantly isolated from affected tissues. &ros
and histopathological findings from pups necropsietiveen 2001/2002 and 2004/2005
at Sandy Bay Beach are presented. Internal lesi@me consistent with septicaemia,
which explained the wide range of organs from whtod pathogen was grown in pure

culture.
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INTRODUCTION —Chapter 8

Bacterial infections often cause or contribute ¢atth of marine mammals (Stroud
and Roffe, 1979; Gulland et al., 1996; Thorntonakt 1998). Bacteria previously
reported to cause severe lesions and/or fatalceggptiia in pinniped species include
salmonellosis in northern fur seal8a{lorhinus ursinus) and northern elephant seals
(Mirounga angustirostris) (Stroud and Roelke, 1980; Vedros et al., 1982d&ard et
al., 2005), leptospirosis in California sea liodsl ophus californianus) (Gulland et al.,
1996; Acevedo-Whitehouse et al., 2003a), and tulbests in Australian fur seals
(Arctocephalus pusillus) (Cousins et al., 1993; Woods et al., 1995).

It is also common to isolate commensal micro-orgasi from various tissues of
pinnipeds at necropsy without any associated lssf@ledros et al., 1982; Foster et al.,
2002; Hernandez-Castro et al., 2005). Opportunist@teria such &reptococcus spp.,
Saphylococcus spp., Escherichia coli, Klebsiella spp. and Proteus spp. have been
commonly isolated in free-living pinnipeds (Stroadd Roffe, 1979; Vedros et al.,
1982; Johnson et al., 1998; Thornton et al., 1998).

Klebsiella species are ubiquitous bacteria found in both rneaand terrestrial
environmentsgee Chapter 1, Section 1V.4.1). They infect a widegamf animals and
have been reported to commonly cause nosocomiattiohs (Podschun and Ulliman,
1998).

During the 2001/2002 and 2002/2003 breeding seasdnklZSLs, Klebsiella
pneumoniae was identified as the causal agent of bacteriatlespics at Sandy Bay
Beach rookery (Castinel et al., submitted see Chapter 2). Both seasons were
characterized by high pup mortality, respectively3%6 and 22.1%, compared to 10.2%

in the non-epidemic years (Castinel et al., sulemitf see Chapter 7).

This chapter will describe some aspects of the ezpidlogy of theKlebsiella
pneumoniae epidemics during two consecutive breeding seasbi@aady Bay Beach
rookery on the Auckland Islands compared to previgears and to those following;
provide a description of gross and histopatholdgiesions observed in pups; and
comment on the possible pathogenesis of infectjothis bacterium as a cause of mass
mortality in the vulnerable NZSL.
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MATERIALS AND METHODS —Chapter 8

Full necropsy of every NZSL pup found dead on thekery was conducted as part
of a health monitoring programme run at Sandy Bagdh (Enderby Island, 530’S,
166> 17°E, Auckland Islands) from early December to +Rebruary for every austral
summer. The data analysed here cover the period I898/1999 to 2004/2005. During
these seven consecutive years, 108 pups were semiofpefore theKlebsiela
pneumoniae epidemics, 234 during the epidemics and 113 inftilewing seasons.
Primary causes of neonatal mortality were categdras stillborn, trauma, starvation,

bacterial infection and hookworm enteritis (Cadtiteal., submitted ksee Chapter 2).

A range of tissues were collected at post-mortem bfacteriological analyses.
Tissues routinely sampled included liver, lung,signthymus, lymph nodes, spleen,

faeces and any lesions or exudates; these wegglstoliquid nitrogen.

Samples of skeletal muscle, brain, spinal cordgwen tonsil, thyroid, trachea,
lungs, heart, lymph nodes, diaphragm, liver, splg@mcreas, adrenal glands, kidney,
stomach, intestine, urinary bladder, and gonad wettected for histopathology and
fixed in 10% buffered formalin. Formalin fixed tisss were processed routinely at
Massey University (Palmerston North, New Zealamad)histopathology. Sections were
stained with haematoxylin and eosin and examinedrascopically. In the present
study, details of observations are given for sipgpfrom the 2001/2002 and 2002/2003
breeding seasons and ten pups from the 2003/2@D2G0#/2005 seasons.

Techniques of culture and phenotypic identificatadrbacterial isolates as well as
molecular characterization of the strain Kifebsiella pneumoniae were described in
Chapter 7. Prevalence and nature of bacterialdesagsociated with this pathogen over

the survey period are presented and discussee iprésent research.
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RESULTS —Chapter 8

Bacteriology results are reported in more detalChapter 2. Briefly, a clonal strain
of Klebsiella pneumoniae was isolated from pups at necropsy in 2001/2002Hefrfirst
time and for every subsequent breeding seasonthetiénd of the period of survey in
2004/2005. This pathogen was grown in pure culiume tissues of a large majority of
dead pups diagnosed with bacterial infections dutimee 2001/2002 and 2002/2003
epidemics at Sandy Bay Beach (83% and 76% respégtsee Chapter 7).

The general prevalence of bacterial infectionscast4nortem and their proportion
as a primary cause of death are presented in F&liréGeneral prevalence of bacterial
diseases increased from 23.0% before 2001/2003.@® during the epidemics then
decreased to 35.5% in the following seasons (Ei. 8lowever the ratio of bacterial
infection as a primary cause of death to the gémpeexalence of bacterial infection did
not show great temporal variation over the peribstady: approximately 0.6 before the
epidemic seasons, 0.5 during the epidemics ang@strepidemics. Prevalence Iéf
pneumoniae isolated from pups diagnosed with bacterial infectidecreased after
2001/2002 and 2002/2003, with 56% in 2003/200449% in 2004/2005sge Chapter
7). The daily incidence of bacterial infections ilkistrated from 2000/2001 to
2003/2004 (Fig. 8.2). Bacterial infections recogdisas a primary cause of mortality
were generally observed for the first time betwéen 25" to 35" days of the season,
when pups were about two weeks of age. They repiese high proportion of daily
pup mortality until the end of the season, betwien7£' and the 8% days (Fig. 8.2).
In 2000/2001 (“2001” on Fig. 8.2), bacterial infects as a direct cause of death,
accounted for less than 20% for the last thirdh&f season. In contrast, these were
associated with over 50% of daily pup mortalitynfirshe 68" day (approximately the
end of January) until the end of the season, duhiegepidemics. In 2003/2004 (“2004”
on Fig. 8.2), the proportion of bacterial infectsoreturned to values similar to these
prior to the epidemics.

A wide range of macroscopic lesions were founddrious organs in pups diagnosed
with bacterial infections at necropsy in 2001/20&2d 2002/2003 (Table 8.1). A

characteristic macroscopic feature seen at sftasflammation was the presence of
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Figure 8.1 Bacterial infection diagnosed as the primary caafsdeath (light grey) in NZSL
pups and presence of lesions due to bacterialtiofe¢dark grey). The proportion of pups with
Klebsiella pneumoniae (Kpn) within those diagnosed with bacterial infection indicated
underneathKpn. No bacterial isolates were identifiedkagpneumoniae before the epidemics.
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(2000/2001 or “2001”), during (2001/2002 and 20022, respectively “2002” and “2003")
and after (2003/2004 or “2004") thHeebsiella pneumoniae epidemics at Sandy Bay Beach.
Bacterial infection was associated with over 50%q$ mortality in 2002 and 2003.
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2001/2002 2002/2003
No. of pups diagnosed with
bathriZtl infzcti on(s) 0 >
Monoarthritis 10 (20%) 35 (65%)
Polyarthritis 15 (30%) 9 (20%)
Cellulitis/abscess 16 (32%) 7 (13%)
Peritonitis 10 (20%) 16 (30%)
Bronchitis 3 (6%) 5 (9%)
Pneumonia 3 (6%) 5 (9%)
Meningitis 3 (6%) 11 (20%)
Necrotic dermatitis 2 (4%) 0
Pyothorax 1 (2%) 1 (2%)
Vaginitis 1 (2%) 0
Enteritis (bacterial) 0 2 (4%)

Table8.1 Most common post-mortem lesions caused by batiefection in New Zealand sea
lion pups, on Sandy Bay Beach (Enderby Island),tfier 2001/2002 and 2002/2003 seasons.
Percentages do not add up to 100% since bactafedtion was often diagnosed in multiple
organs for each pup.

abundant thick purulent exudate (Fig. 8.3 and.8I4)e most common gross findings
in January and February 2002 (2001/2002 seasorg waeute arthritis and cellulitis
(Table 8.1). Carpal and tarsal joints were a ragsite of infection (Fig. 8.3) and some
purulent material was often found in peripherald@m sheaths and surrounding soft
tissues (Fig. 8.4). In addition, bacterial infentimould affect two or three adjacent joints
of the same limb (polyarthritis). Monoarthritis armblyarthritis were diagnosed
respectively in 20% and 30% for the 2001/2002 hregedeason and in 65% and 20% in
2002/2003 (Table 8.1). The frequency of arthritisgeneral was higher in 2002/2003
than for the previous year (44 out of 54 pups caegbao 25 out of 50 pups in
2001/2002). Suppurative arthritis of the atlantatpital joint was reported in ten pups
during the epidemics but not afterwards. Meningiéisd peritonitis were more

frequently observed at necropsy during the secpidkmic season ( respectively 20%
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Figure 8.3 Suppurative exsudate (arrow) Figure 8.4 Suppurative tenosynovitis and
within tarsal joint space of a NZSL pup cellulitis surrounding the carpal joint of a

during the Klebsiella  pneumoniae NZSL pup during the epidemics. Fascia
epidemics. Bar = 1cm. muscularis is indicated Hyn and tendon by
t.Bar=2cm.

and 30% in 2002/2003 compared to 6% and 20% in/2002). Necrotic dermatitis of
the face and head was diagnosed in two pups in/2002 while bacterial enteritis and
septicaemia were only reported in the followingseea(Table 8.1). Gross diagnosis of
septicaemia was supported by generalization okebatinfection with purulent exudate

to organs of both thoracic and peritoneal cavity smseveral joints.

Histopathological findings in six pups necropsiedridg the 2001/2002 and
2002/2003 breeding seasons and in ten pups du@dg/2004 and 2004/2005 are listed
in Table 8.2. All major organs and systems showecdrascopic changes, whether
bacterial infections were the primary or a contiioy cause of death. Sites of
inflammation included the respiratory tract, cehtrervous system, myocardium,
lymphoid system, liver and alimentary tract. Thiudie pulmonary congestion seen in
four of six pups from the epidemic period and inf led the pups in the following
seasons (Table 8.2) seems to be a non specifiogehfraquently observed at post
mortem, rather than a specific lesion induced kbypneumoniae. The generalised
lymphoid depletion suggested a systemic illnesd,raactive lymph nodes indicated the
presence of inflammation in the region they drainkeesions of the central nervous
system (such as sub-arachnoid haemorrhage, masiagid meningoencephalitis) were
only seen in 2001/2002 and 2002/2003. Sectiongahldrom pups necropsied during
the 2001/2002 epidemic season showed expansitre ehéninges by oedema fluid and
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Epidemic seasons Post-epidemic seasons
No. of pups with No. of pups with

primary  secondary primary Secondary
lesions lesions lesions lesions

No. of pups examined 3 3 6 4

RESPIRATORY SYSTEM

Diffuse congestion 3 1 6 3
Interlobular oedema

Alveolar atelectasis . 1

Alveolar emphysema . . . 1
Acute suppurative pleuritis

Pneumonia . 1 3 2

CENTRAL NERVOUS SYSTEM

Sub-arachnoidal haemorrhage 1

Suppurative meningitis/ meningo-
encephalitis

MYOCARDIUM- Interstitial
haemorrhage

LYMPHOID TISSUES

Lymphoid depletion in lymph nodes 3 1 3 2

Reactive lymph nodes (oedema,
inflammation)

Lymphoid depletion in spleen 1 . 2 1
Multifocal haemorrage in Peyer's patches . . . 3
Reactive GALT 1 . . 1
Congested spleen . 1 . 1

LIVER
Hepatic abscess 1
Multifocal suppurative hepatitis 1 . 1 1

INTESTINES - Bacterial enteritis . . . 2

PERITONITIS . . 1

SKIN
Cellulitis . 12 . 5
Severe necrotizing dermatitis 2

Table 8.2 Histopathological lesions ifNNew Zealand sea lion pups diagnosed with bacterial
infection at post-mortem, during the epidemic (22002 and 2002/2003) and post-epidemic
(2003/2004 and 2004/2005) seasons. For each pé&&idns are listed when bacterial infection
was the primary cause of mortality (“primary legtinand when it was only contributing to
death (“secondary lesions”).
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congested vessels, with infiltration of large numsbef viable and degenerate
neutrophils with variable numbers of plasma cdyisiphocytes and macrophages (Fig.
8.5a, 8.5b). Large numbers of Gram negative bawitre present amongst these
inflammatory cells and some of them occasionallyntamed intracellular bacilli,
confirming ante-mortem bacterial infection. In meeverely affected individuals (Fig.
8.5¢), the meninges also contained abundant fdmith haemorrhage, and inflammation
extended into the underlying parenchyma. In mogispdiagnosed with meningitis,
microscopic examination of spleen and lymph nodee ahowed general lymphoid
depletion.K. pneumoniae was grown in pure culture from a swab of the spawat of
one severely affected pup. This pup was also dsgphowith peritonitis andK.
pneumoniae was similarly isolated from a swab of this lesi@ther histopathological
findings associated with macroscopic lesions reggbim the present study but not listed
in Table 8.2, include acute to subacute suppuraiitritis, tenosynovitis and cellulitis

of tissues surrounding the joint (Fig. 8.6a, 8.64 8.6c).
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pup. Meninges contain oedema flui 8.5a  showing bacteria,  neutrophils,
inflammatory cells and bacteria. H&E. lymphocytes and plasma cells. H&E.

o

Figure 8.5c Cerebellum of a NZSL pu Figure 8.6a: Suppurative inflammation

Severe meningencephalitis  an of the synovial membrane and underlying
meningeal haemorrhage. H&E. connective tissues ahe carpal joint of a

NZSL pup. H&E. Bar=200m.

- 7
2Ly . i

Figure 8.6b Higher magnification of Fig. Figure 8.6c Extensive oedema, suppuration

8.6a showing infiltration of inflammatory =~ and necrosis surrounding and separating
cells and bacterial colonies. H&E. Bar=40 muscles bundles adjacent to an infected joint.
pm. H&E. Bar=150um.
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DISCUSSION -Chapter 8

The 2001/2002 and 2002/2003 NZSL breeding seasdbaraly Bay Beach rookery
were characterised by high neonatal mortality, vaithabnormally elevated proportion
of bacterial infections diagnosed at necropsy cosgdo previous years and those
afterwards Klebsiella pneumoniae was grown in pure culture from almost all of the
pups found dead during the epidemics and to arlesdent in the following years.
Polyarthritis was the most frequent feature bothinduand after the epidemics but

various other macro- and microscopic pathologibahges were also observed.

Opportunistic bacteria such #&debsiella spp. can take advantage of pre-existing
conditions such as cutaneous wounds or debilitadiom to viral or parasitic infections
to cause severe lesions and septicaemia. The eoacerrof such bacterial disease in
pinniped pups could be explained by an underdeeelammune system (Cavagnolo
and Vedros, 1979; Kock, 2003). In addition, it Heeen reported that suckling pups
would have a high predisposition to non-specificctbaal disease, secondary to
starvation and reduced immunologic capability (Svese and Gilmartin, 1974,
Cavagnolo and Vedros, 1979). There are numerousrteepf opportunistic bacteria
isolated from tissues of pinnipeds. For instari€kbsiella spp. includingKlebsiella
pneumoniae, have been cultured from assorted tissues from dchmdult pinnipeds
and from pups at necropsy, often in the absencassbciated lesions (Sweeney and
Gilmartin, 1974; Smith et al., 1974a; Vedros et #982; Johnson et al., 1998; Thornton
et al., 1998). Ubiquitous bacteria including theaf@rnegativeKlebsiella spp. andE.
coli and the gram positivetreptococcus spp. andaphylococcus spp. are part of the
environmental bacterial flora of the rookery andréfore are frequently cultured from
cutaneous wounds and mucosal lesions (Sweeney iémdrén, 1974; Thornton et al.,
1998) but are also found in the nasal cavity aficilly healthy animals (Hernadndez-
Castro et al., 2005). In NZSL pups, the same opp@stic bacteria were isolated from
cases of septic arthritis, cerebrospinal menings&pticaemia and cutaneous abscesses
but K. pneumoniae predominated during the 2001/2002 and 2002/2008eepics. The
isolation ofK. pneumoniae from lesions of NZSL pups at necropsy was not ssirggy
but the high prevalence and the number of deathsctty associated with this

opportunistic pathogen suggested an unusual vicalen
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During the epidemics at Sandy Bay rookefyebsiella pneumoniae was cultured
from the majority of bacterial lesions. Before 202, bacterial arthritis in NZSL
pups had been diagnosed only six times but ther@@bacteriology data available for
these cases. For the 2001/2002 and 2002/2003 bgeedasonsK. pneumoniae was
isolated from all but one of the infected jointshigh may reflect a high degree of
environmental exposure Wy. pneumoniae at that time. However, a variety of other
bacteria were also identified in the 2004/2005 direp season, including
Saphylococcus spp. and Sreptococcus spp. and the number of isolates Kt
pneumoniae during that season showed a parallel decreaseedins that other
opportunistic bacteria had begun to suppknpneumoniae as the cause of bacterial
arthritis in NZSL pups in 2003/2004 and 2004/20PEesumablyK. pneumoniae was
still circulating in the rookery but pups could leageveloped some immunity against
the pathogen, which could explain the decline avpatence of lesions involving.

pneumoni ae.

The pattern of bacterial lesions due Kbebsiella pneumoniae in NZSL pupsis
supportive of underlying neonatal septicaemia. Mogts had lesions of suppurative
arthritis. Like other opportunistic enterobacterk, pneumoniae is known to be
involved in septic arthritis in neonates of domesihimal species and of humans
(Abuekteish et al., 1996; Ryckewaert and Bardir§ai Bernabé et al., 1998; Kao et al.,
2003). However in NZSLs, arthritis could affect smat distant joints in the same pup
and was diagnosed with other concomittant bactkersabns from which. pneumoniae
was also isolated. This provides some evidencesdpticaemia being at the origin of
poly-arthritis, rather than the aetiological hypegls of trauma as suggested for young
children with septic arthritis (Abuekteish et 41996; Ryckewaert and Bardin, 1996).

In most cases of neonatal septicaemia, the umbilgthe route of entry of bacteria
(Jubb et al., 1993) although respiratory and gas@stinal tracts are also important
routes. In some NZSL pups, it is possible that stgeKlebsiella pneumoniae were able
to invade the intestinal mucosa at sites of preteyg damage due to hookworm
infestation. Systemic involvement may then haviieéd if the organisms were able to
enter the circulation. HowevelK. pneumoniae has also been reported to cause
haemorrhagic enteritis in rabbits (Coletti et aD01) and gastro-enteritis in chinchillas

(Bartoszcze et al., 1990) in the absence of imakparasites. In NZSL pups, severe and
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fatal skin lesions associated wikh pneumoniae occurred only during the epidemic
seasons. Cellulitis was generally diagnosed witielointernal bacterial lesions also
caused byK. pneumoniae, suggesting that septicaemia could have inducedeth
subcutaneous lesions. In contrast, necrotizing detisy was also diagnosed alone,
indicating that the source of bacteria in this cass more likely to be environmental
than haematogenous, witk. pneumoniae presumably entering after skin trauma.
Cutaneous disease involving. pneumoniae was reported only once before in an
immunocompetent human (Park et al., 2004). In tiase, acute cellulitis rapidly
extended through both subcutaneous and cutanessisesi but the authors suggested
that the origin of bacterial infection in that casas likely to be environmental, despite
the absence of cutaneous trauma. Similar brainredio those observed in NZSL pups
were reported in monkeys with severe suppurativeimge-encephalitis due t&.
pneumoniae (Postal et al., 1988). It is likely that infectiondth K. pneumoniae at least

in wild animal populations, are a naturally occagriphenomenon (Giles et al., 1974;
Jackson et al., 1980). In a naive population,intr@duction of a virulent pathogenic

strain can result in fatal septicaemia or morellsed but still fatal lesions.
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CONCLUSION —Chapter 8

Bacterial epidemics at Sandy Bay Beach generatecctwmsecutive seasons of high
mortality in NZSL pups an&lebsiella pneumoniae was identified as the causal agent.
The high prevalence of lesions induced by this gg¢in and the high pup mortality
during these two breeding seasons were a goodaitodi®of the virulence of this
bacteria, compared to other opportunistic pathogeassing lesions before the
epidemics K. pneumoniae was isolated from a range of suppurative lesions,jdints
were the most commonly affected site. This paténoint lesions, in combination with
involvement of tissues such as the meninges aritbpeal organs is typical of neonates
with a bacterial septicaemia. After two years ofdemics, the prevalence df.
pneumoniae isolates has decreased but it seems that the mathsggtill circulating in
the rookery and NZSL pups remain exposed to theogain, yet at a lower level than

during the epidemics.
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Chapter 9

Humoral immune response to Klebsiella pneumoniae
In New Zealand sea lions, Phocarctos hookeri

and investigation of the passive transfer of immunity to pups.

Submitted for publication
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ABSTRACT- Chapter 9

During the 2001/02 and 2002/03 breeding seas€lehsiella epidemics resulted in a
dramatic increase of pup mortality in New Zealard 8ons (NZSL) on Enderby Island,
Auckland Islands. To estimate the prevalence oéatidbn in the NZSL population, a
serological test was developed using a Westerntébbinique with a crude antigen derived
from aKlebsiella pneumoniae isolate from a NZSL pup. All archived frozen sersamples
collected at the Sandy Bay rookery (Enderby Isldnatn 1997/1998 to 2004/2005 were
tested. Over this period, only 15.9% of NZSL pupsaeen birth and five months of age
(n=301) were sero-positive for aiiebsiella antibodies compared to 95.7% of adults (n=
290). There was no apparent change in prevalence rasult of the two epidemics in
2001/2002 and 2002/2003. In addition, a methodHerdetermination of immunoglobulin
G (IgG) levels in sea lion serum was developedni@stigate passive immunoglobulin
transfer to neonates and development of acquiresuime response. The IgG concentration
was low in pups (n=53) from birth to 5 months ok&gnedian: 4.4 mg/ml) and did not
show any significant increase with age over tmsetiperiod. In adult females (n=44), 1gG
levels were significantly higher. Based on the kxgigcal results, it was not possible to
determine whetheK. pneumoniae was an endemic pathogen to the NZSL population
because the test could not discriminate betwegmeumoniae andK. oxytoca. Given the
low transfer of passive immunity observed in thisdyg, pups in their first weeks of life
seemed to be highly vulnerable to infectious agesutsh as. pneumoniae.
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INTRODUCTION-Chapter 9

The New Zealand sea lions (NZSLs) are one of thedigorarest pinnipeds and breed
almost exclusively on the Auckland Islands @G0 166E). In addition, according to the
latest estimates (between 10,000 and 12,700 ingalgd Chilvers, unpublished data), their
population size has been declining for the past years. The 2001/2002 and 2002/2003
breeding seasons on Enderby Island (Auckland Islawdre marked by high pup mortality
as determined by counts at the six week census 8ai8% in 2001/2002 and 21.7% in
2002/2003 compared to the previous year (10.9%tirgh%t al., submitteth; see Chapter
2), with a dramatic increase of the proportion atterial infections diagnosed at necropsy
(Wilkinson et al., 2006)Klebsiella pneumoniae was consistently isolated in pure culture
from internal organs of dead pups (Castinel et fuhmittedc; see Chapter 7). This
bacterium belongs to Klebsiellae, a group of oppustic enterobacteriacae that are
frequently involved in nosocomial infections ands@sated with high morbidity and

mortality in immuno-compromised humans (Gouby et194; Pefa et al., 1998).

Bacterial infections are common in free-rangingngeeds, involving a wide range of
opportunistic (Stroud and Roffe, 1979; Thorntonakt 1998) and potentially zoonotic
micro-organisms, includinglebsiella spp. (Stroud and Roffe, 1979; Higgins et al., 2000;
Herndndez-Castro et al., 2005), but without necégsausing death. On the other hand,
epizootic events associated with the zoondteptospira spp. have been reported in
California sea lions Zalophus californianus), periodically affecting the population
dynamics (Gulland et al, 1996KIebsiella pneumoniae had never been associated with
mass mortality in any pinniped species before 22002.

Bacterial culture is the standard method for phgiotidentification ofKlebsiella
infections in humans and animals. The detectiorsestim antibodies t&lebsiella spp
seems to be restricted to research applicatioher#tan standard diagnostic serology, and
most contemporary serological tests are basedeerinyme linked immunosorbent-assay
(ELISA) (Sahly and Podschun, 1997). Even thoughyeratic immunoassays have been

widely used to investigate the exposure of pinngpeal some enterobacteriacae such as
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Salmonella spp. andBrucella spp. (Aschfalk et al., 2002; Nielsen et al., 20@B¢, Western
blot (WB) technique can be used as an alternatiibe ELISA. It has shown comparable
sensitivity and specificity for serology againstaxiety of bacterial infections (Kittelberger
et al., 1995a, 1995b). Unlike ELISA, it does najuiee the calculation of specific cut-off
values which is an advantage in wild pinnipeds whexperimental infections to validate
the assay are not possible.

It is likely that Klebsiella antibody responses are frequently present in hanaaal
animals even after infections have been cleared.l@\el of pup mortality on the Auckland
Islands in 2001/2002 and 2002/2003 suggested higatrtay be a novel pathogen in NZSL
recently introduced to a naive population. Thus,eothesised that serum antibodies to
Klebsiella may be absent or only present with low frequentidbe population before the
2001/2002 and 2002/2003 breeding seasons.

The aim of this study was to investigate the teraporariation and overall
seroprevalence of arii: pneumoniae antibodies using a WB method, in the NZSL
population on Enderby Island, before, during, aftdrawo years of epidemics caused by
this pathogen. Results from this study led to fertinvestigations into the passive transfer

of humoral immunity to sea lion pups, with preliraig results reported here.
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MATERIALS AND METHODS —Chapter 9

Collection of samples

Blood samples for serology were collected from A{ps and 16 older sea lions
necropsied at Sandy Bay rookery (Enderby Islana:kRaund Islands) during the 1997/1998
to 2002/2003 breeding seasons and in 2004/200%dBMas taken from the heart to avoid
any contamination when opening the carcass. Ittivas centrifuged at 7,000 rpm for 15
minutes and the serum was frozen in liquid nitrogg@rum was also obtained from live sea
lions: samples were collected from the caudal glutein into sterile untreated glass tubes.
Between 1997/1998 and 2004/2005, adult females weapured for ongoing studies
(n=276 in Sandy Bay colony and n=10 on Dundas ¢§laand sampling of females was
conducted under general anaesthesia using isofletda (Gales and Mattlin, 1997). In
May 2000, 54 pups of approximately five months gé avere manually restrained and
blood was collected as above. In 2004/2005, 20nsesamples were obtained from pups of
different ages, varying from birth until the endtbé period of study when the majority of
pups were two months-old; some individuals werem@acdtwice or three times resulting in
a total of 32 samples. The age of live pups wasmnwith accuracy since they were
identified and marked at birth with a plastic cégmwever, the age of dead pups was
estimated by the difference between the annual migéndate (26 of December, Chilvers
et al.,, 2006a) and the date of necropsy (Table. &) analysis, pups other than five
months-old were divided into two groups (from bitthone month-old and from one to
three months of age).

Bacterial strains

EachKlebsiella isolate had been cultured from the internal orgaindifferent pups.
Tissue samples were initially incubated on Sheem®lagar plates at 37°C for 24 to 48
hours to allow sufficient growth. Phenotyping tesisnsisting of Gram stain and standard
enzymatic tests (Microba®t MedVet Science Pty Ltd, Adelaide, Australia), were
conducted on pure cultures to identify the isolatésese were typed a¥lebsiela
pneumoniae 1; Klebsiella pneumoniae 2 and Klebsiella oxytoca. Pulsed-field gel

electrophoresis (PFGE) previously conductedkdebsiella isolatesfrom NZSL showed
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that K. pneumoniae 1 and 2 isolated during the epidemics from diffeqgumps were clonal
(see Chapter 7, Fig. 7.2) where&$ebsiella oxytoca that was isolated in 2000/2001 before
the epidemics was unrelated to these Kvpneumoniae isolates (Castinel et al., submitted
c; see Chapter 7).

1997/ 1998/ 1999/ 2000/ 2001/ 2002/ 2004/ total
1998 1999 2000 2001 2002 2003 2005

Birth to 1 month-old - - - - - - 23 23
live
pups 1 to 3 months-old - - - - - - 9 9
approx. 5 months-old - - 55 - - - - 54
dead Birth to 1 month-old - 23 27 33 54 8 9 154
PUPS 1 to 3 months-old 23 - 7 11 19 23 3 86
adult Live (captures) 43 40 53 17 22 66 45 286
females  Necropsy 2 3 1 4 3 2 1 16

Table 9.1: Distribution of serum samples from New Zealand kens by age, breeding season and
survival, between 1997/1998 and 2004/2005 on thekland Islands. There were no data available
for the 2003/2004 breeding season.

Preparation of antigens

Antigens were prepared from the thi€kbsiella isolates by mixing 0.5g of washed
bacterial pellet with 4.5ml of polyacrylamide gdé@rophoresis (PAGE) sample buffer
(62mM Tris HCL [pH 6.9], 5% sodium dodecyl sulphd®DS), 1% mercaptoethanol
(ME), 10% glycerol), by heating at 95 °C for 10 otes and finally by centrifuging at
10,000 rpm for 15 minutes. The supernatants weeel @s antigens. The crude antigens
derived from the three isolates were named A&I1 ppheumoniae isolate 1), AG2 K.
pneumoniae isolate 2), and AG3K. oxytoca isolate). Aliquots of the crude antigens were
incubated with proteinase K (pK, at 60mAU/ml) afGgor one hour and then analysed by
SDS-PAGE using Coomassie and silver staining metliiditelberger et al., 1994).

SDS-PAGE and Western blot
SDS-PAGE was performed on 4-15% polyacrylamide igradyels (Ready-gels, Tris-
HCI, Bio-Rad, Hercules, CA) with a discontinuoussiglycine buffer system in a Mini-
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Protean Il electrophoresis cell (Bio-Rad, Herculés,). Gels were run for 40 minutes at
200V and then either used for Western blotting @r del staining (Kittelberger et al.,
1994). For the analysis of antigens, gels with Q% wells were used, while preparative
gels were preferred for the screening of serum &snfor antiKlebsiella antibodies
(Klebs-WB).

Electrophoretic transfer of separated antigens frpwlyacrylamide gels onto
membranes (Immobilon P membrane, Millipore, Bedfddd\) was carried out in a Trans-
Blot SD cell (BioRad, Hercules, CA) at 15V for 20nutes. Membranes were blocked
overnight at room temperature (RT) in TBS (50mMsTHCI, 150mM NaCl, 0.01%
merthiolate, pH 7.5) containing 3% non-fat dry mpléwder (Anchor, New Zealand; TBS-
MP). NZSL serum samples, diluted 1:200 in TBS-MRenacubated at RT for two hours
on the membranes in a miniblot system (Immunet@anbridge, MA). The membranes
were washed three times in TBS containing 0.05% enha20 (TBS-T), followed by
incubation at RT for 30 minutes with protein A/Gwine phosphatase conjugate
(Immunopure Protein A/G, Pierce Rockford, IL) dddt1:5,000 in TBS-MP. After three
washes with TBS-T, the membranes were incubatell thé substrate NBT-BCIP (Roche
Diagnostics, Mannheim, Germany) for three minuteRB, followed by two washes with

deionized water.

Molecular weight (MW) markers (high-range rainbowoletular weight markers
Amersham-GE Healthcare, Bucks, UK) were run oneget. In the Klebs-WBs, a protein
A-purified rabbit antiK. pneumoniae antibody (B65891R, 4-5 mg/ml, Biodesign, Saco,
ME) was run as positive control at dilutions of ,0@0, 1:20,000 and 1:80,000 in TBS-MP.
Assuming that the majority of IgGs was aMtebsiella, this corresponds to 0.84ig/ml,
0.2-0.25ug/ml and 0.05-0.06ig/ml respectively. As a negative control, serunmira dead
NZSL pup was run at 1:200 dilution in TPS-MP. Thghad died from traumatic injury
prior to the epidemic years. None of the intermglaos (lungs, liver, spleen, several lymph
nodes, thymus and faeces) were positive on bakteritaire. This serum did not show any
staining in the Klebs-WB. Intensity of staining tine Klebs-WB was coded as follows:
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negative =0; positive + (positive control 1:80,008); positive ++ (positive control
1:20,000) =2 and positive +++ (positive control,0(D) =3.

Serum immunoglobulin G (IgG) concentrations

For the determination of serum IgG concentratiand/B method was developed (IgG-
WB) based on a similar method for bovine IgGs @liierger, unpublished data). Sea lion
IgG standards were prepared from NZSL adult fensrum samples by ammonium
sulphate (AS) precipitation. The IgG concentratwas determined using the QuickStart
protein assay (BioRad, Hercules, CA). The puritythed IgG preparation was checked by
SDS-PAGE and Coomassie staining.

For the IgG-WB, serum samples were diluted in SB&P sample buffer at 1:10 for
pups and 1:40 for older sea lions. Serum sampleb Ig standards were run at
concentrations of 1.6, 0.8, 0.4, 0.2 and 0.1mgdlted in SDS-PAGE sample buffer) on
every gel. SDS-PAGE was performed on 15 well 4-158kyacrylamide gradient gels
under the same conditions as already described A<gge Electrophoretic transfer was
performed as for the Kleb-WB. After blocking wittB$-MP, membranes were incubated
with protein A/G-alkaline phosphatase conjugatéipoweed by substrate incubation under
the same conditions as for the Klebs-WB. IgG cotra¢ions were calculated from blot

images using the program Quantity One (Bio-Radcties, CA).

Data analyses

For statistical analysis, five age classes weréndéffor the NZSLs: less than one
month-old (1), between one and two months-oldi§&jween two and three months-old (3),
five months-old pups (4) and older animals inclgdiyearlings, sub-adults and adults

grouped together (5).

The frequency of the four possible responses tgstia Klebs-WB (0, 1, 2 and 3) was
analysed by year and by survival class (0: deadlaradive) with the FREQ procedure in
SAS (Statistical Analyses System® 9.1.3, SAS lasditinc., Cary, NC, USA) separately

for pups and for adults. The effect of year andvisat on the response variable
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“serological test” was investigated with a genedi logits model (LOGISTIC procedure
with GLOGIT option in SAS).

IgG concentrations were reported graphically oniyhvan estimation of the median for
the pups. When concentrations were too high toabeutated with the standard curve, the
individual was given the maximum concentration \watbd by the method (40mg/ml for
pups and 80mg/ml for adults). The same rule apgledoncentration beyond the lowest

limit (1 mg/ml for pups and 2 mg/ml for older seank). Data are presented as means. A
statistical difference was assumed wk&i.05.
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RESULTS- Chapter 9

Optimisation of the WB methods

At first, a suitable anti-sea lion Ig conjugate hadbe identified. Using the IgG-WB
method, it was found that a fusion protein A/G-it@ phophatase conjugate reacted
strongly with sea lion IgGs and IgGs of many otpieniped species (data not shown). For
the detection of antklebsiella serum antibodies by the Klebs-WB, three antigeesew
initially compared, which had been prepared from v pneumoniae isolates and on&
oxytoca isolate from Auckland Islands’ sea lions (AG1, AG&d AG3). Antigens were
analysed by SDS-PAGE using a combination of undégkand pK-digested antigens with
Coomassie staining (proteins) and silver stainipglysaccharides) (Figure 9.1). In the
Coomassie-stained gels, the undigested antigenseshoumerous distinct protein bands
over a wide molecular weight range (20-100kDa) téinobands disappeared completely in
the Coomassie-stained gel after digestion. Digesitéiden preparations still showed strong
staining in the silver-stained gels. The diffusairshg over a wide MW range (about 20 —
200 kDa) is typical for smooth lipopolysaccharid8&PS) ofKlebsiella spp. (Tomas et al.,
1986) and other enterobacteriacae (Kittelbergeal.et1995b). All three bacterial strains
showed very similar staining patterns for all conabions of treatments.

After optimisation of antigen concentrations andhjagate dilutions and by using a
panel of 28 different NZSL serum samples, it wamfbthat staining patterns for the three
Klebsiella antigen preparations were identical, i.e. the dgmdistaining in sera with high,
medium and low titres was the same for all threggans. Furthermore, undigested and
digested antigens showed strong diffuse stainingr av wide MW range (about 20-
200kDa), typical for SLPS. Non-digested antigenswsdd extra distinct bands of low MW,
presumably protein bands (data not shown). If Btgiof protein bands had been present in
the same MW range as the SLPS staining, it woula teeen masked. Therefore, for the
analysis of large numbers of NZSL serum samplesp@mized Klebs-WB was used,
using pK-digested. pneumoniae antigen 1. A typical test run image is shown igure
9.2. Conditions for the detection of IgGs by th&{@/B were also optimized by testing

various concentrations of sea lion serum and cat@i(fata not shown).
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Figure 9.1 Analysis of variousKlebsiella antigen preparations on polyacrylamide gels.
Molecular weight markers (MWM) are on the left. Aygins 1 and 2 (AG1l and AG2) were
prepared from isolates #&fiebsiella pneumoniae and Antigen 3 (AG3) fronKlebsiella oxytoca.
Antigens incubated with proteinase K (PK) are ndfd+” and the others “PK-“.
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Figure 9.2 Example of an optimized Western Blot for the detecof antibodies tdlebsiella
pneumoniae in New Zealand sea lions (NZSLs). Each lane repissa single serum sample.
Lanes 1 to 3 are dilutions of a rabbit-aKliebsiella control serum. Lane 4 is the negative
control. Lanes 5 to 20 are NZSL lion sera. As aangxe, lane 5 is positive-grade 3(+++), lane
6 is positive-grade 2 (++), lane 10 is positiveegrd (+) and lane 17 is negative.
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Klebsiella serology results

An example of a typical Klebs-WB for 16 NZSL sem illustrated in Fig. 9.2,
underlining the contrast between positive respomgadifferent intensity. The staining of
positive serum samples and the positive controlypcal for SLPS. The strength of

staining in the Klebs-WB was graded according ®ghbsitive control antibody used.

Frequency of sea lions that tested positive forutating antiKlebsiella antibodies is
shown in Fig. 9.3 and for pups in Table 9.2. Neithear nor survival had a significant
effect on the response to the serological testrellweas a higher prevalence of pups
presenting antklebsiella antibodies in 2004/2005 compared to the previowssyexcept
for 1998/1999 but this was not significant. The afeups significantly influenced the
presence of antibodiesP<€0.0001). In Table 9.3, the intensity of the aflitbsiella
serological response is presented for live pupsnwthe age was precisely known. No
statistical analyses were undertaken as numberggtegory were too small. However,
there was no Klebs-WB strength 3 response in thigpgpulation, regardless of the age
(Fig. 9.3).

The prevalence of anMiebsiella antibodies in 16 dead adults (Fig. 9.4) did not
significantly vary between years. However, becanfsithe small sample size compared to
the overall population of adults tested (n=306ary@<0.0001), but not survival, appeared
to influence significantly the intensity of the skagical response in the model. Prevalence
of the presence of ankilebsiella antibodies in adults oscillated between 85.7% in
1997/1998 and 100% in 2000/2001 and 2001/2002 &=4.
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Figure 9.3 Distribution of the intensity of positive respoasgf adult New Zealand sea
lions (NZSLs) and pups tested for altiebsiella serum antibodies, from 1997/1998 to
2004/2005.The proportion of intensity of the reactbetween NZSL sera and the test
response is presented as ascending grades: gr@dstd), grade 2 (grey) and grade 3
(black). The number of NZSL by group is indicatedvizzen brackets.

Year 1998/1999 1999/200(2000/2001 2001/2002 2002/2003 2004/2005
Prevalence of 39.1% 18.2% 11.4% 6.8% 3.3% 27.9%
seropositive pups  (9/23) (16/88) (5/44) (5/73) (1/30) (12/43)

Table 9.2 Prevalence of New Zealand sea lion (NZSL) pupge (ind dead) with anti-
Klebsiella serum antibodies from 1998/1999 to 2004/2005.

Intensity 1 2 3 4 7 8 9 5

of test week-  weeks- weeks- weeks- weeks- weeks- weeks- months-
response old old old old old old old old

in pups (n=10) (n=6) (n=3) (n=4) (n=4) (n=5) (n=1) (n=54)
0 100% 100% 100% 100% 25% 0% 0% 81%
1 0% 0% 0% 0% 75% 80% 0% 15%
2 0% 0% 0% 0% 0% 20% 100% 4%

3 0% 0% 0% 0% 0% 0% 0% 0%

Table 9.3 Prevalence of anfdebsidlla serum antibodies in live New Zealand sea lion
(NZSL) pups. Individuals from 1 to 9 weeks-old wesampled during the 2004/2005

breeding season whereas samples from pups of dppiety five months of age were

collected in May 2000. Absence of antibodies wawrest as 0, the ascending intensity of
positive responses is scored from 1 to 3.
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Figure 9.4 Detection of antKlebsiella serum antibodies in adult New Zealand sea liorts an
pups, from 1997/1998 to 2004/2005. The number ohals per category is indicated above the
chart bars. Categories are as follows: live adidiack), dead adults (grey), pups from birth to
one month-old (white) and pups from 1 to 3 montlis{grey stripes). Data from dead and live
pups were pooled for this graph.

I gG serum concentrations

A typical example of an IgG-WB run is shown in F&§5. The IgG band had an
approximate MW of 130kDa. As can be seen from t9& Istandards, the absolute
concentrations detectable by this method ranged fdmg to 1.6mg/ml. The lower limit
in the test runs performed was 1 mg/ml and the ujpmé was 80 mg/ml. The limitation
would be the amount of total protein, especiallpusealbumin, in the sample, which could
lead to deterioration of bands during the electaspsis run. There is theoretically no limit
towards higher serum IgG concentrations by simpiytidg serum samples further.

Serum IgG concentration results from a limited namtf animals are presented in Fig.
9.6 for pups and in Fig .9.7 for adult sea liomgs Iconcentration ranged between less than
1 mg/ml and more than 8 mg/ml in pups (median:Mgiml) and between 2 mg/ml and
more than 80 mg/ml in adults. Because only a lichiteimber of serum samples were
tested, no statistical comparison could be undenakiowever, the graphs show some
evidence for a true difference existing betweentthe groups with adult concentrations
being higher than for the pups (Fig. 9.6).
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Figure9.5 Example of a Western Blot for the detection of totanunoglobulins (Ig) G in
New Zealand sea lion (NZSL) sera. Lanes S1 to &5parified 1gG for a NZSL adult
female at decreasing concentrations of 1.6, 08,®2 and 0.1 mg/ml respectively. Lanes
1-9 are serum from different NZSLs. As for exampliegs concentration in lane 1 is
superior to 1.6 mg/ml by the dilution factor of tlserum tested. In contrast, IgG
concentration in lane 4 is inferior to 0.1 mg/mlthe dilution factor of the serum tested in

this lane.
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Figure 9.6 Total immunoglobulin (Ig) G concentration in Neveaand sea lion pups
captured at Sandy Bay colony in May 2000 for angnal approximately five months of
age pups and during the 2004/2005 breeding seasq@ups between 1 and 8 weeks-old.
Each data point represents a pup.
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Figure 9.7: Total immunoglobulin (Ig) G concentration in NeZealand sea lion adult
females captured at Sandy Bay rookery over theo@ekD99/2000 to 2004/2005. Each
data point represents a female.
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DISCUSSION -Chapter 9

This study endeavoured to identify differenceshi serological prevalence of anti-
Klebsiella pneumoniae antibodies in the Auckland Islands’ NZSL populatlwefore, during
and after &. pneumoniae epidemic, using more than six hundred archivedrsesamples
that had been collected over eight years. Evédbsiella spp. are common environmental
Gram-negative bacteria worldwide, it was hoped thidrences in the seroprevalence over
time could be identified because of the geograplscéation and possible lack of exposure
of the NZSL population, and also of the magnitudethe epidemics that occurred in
2001/2002 and 2002/2003.

The serological test method chosen for the detectfantiKlebsiella antibodies was a
Western immunoblot, rather than an ELISA. The magason for this was that with the
WB, immuno-dominant antigens could be identified ewhusing a crude antigen
preparation. For deciding on a cut-off in an ELISA panel of negative NZSL serum
samples would have been needed, which were ndabiaat the time. The Klebs-WB not
only identified sero-positive and sero-negative lemas but also showed that the majority
of serum antibodies were directed against SLP8e0Ok-chain of SLPS.

During the developmental stage of the Klebs-WBe&tdme clear that there was no
difference in the response against the crude anfgeparations fronK. pneumoniae and
K. oxytoca when using the NZSL serum samples and the rabhbitda pneumoniae
commercial positive control antibody. Cross—reattibetweenKlebsiella spp.has long
been recognised (Sechter et al., 2000). Rissiral. €1978) reported that human patients
infected with a certairfKlebsiella serotype showed antibodies against another seratype
the ELISA test. To overcome such limitation withogs-reactions, Brisse et al. (2004)
proposed PCR-amplification of genes coding for algpsantigens as an alternative. Even
though the use of PCR appears more accurate byiemmbhigh specificity and high
sensitivity, it is not a suitable method for scregnlarge numbers of archived serum
samples. In this, the Klebs-WB used here could didyseen as a simple serological

method for the detection of ariebsiella antibodies but it turned out to be very sensitive
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based on the amount of rabbit-aktipneumoniae antibody detectable, which was as low as
0.8ug/ml.

With the Klebs-WB, antKlebsiella antibodies were detected in all age classes of NZSL
before, during and after thé pneumoniae epidemics. Such antibodies were present even if
the pathogen had not been identified in bactetiilice from tissues of necropsied sea lions
prior to the epidemics (464 pups and 16 older alsinaor from adult sea lions caught and
killed during the annual squid fishery season adotime Auckland Islands (Duignan,
unpublished data). Although the prevalence of pigs$ing positive for antiklebsiella
antibodies was significantly lower than for adulitsstill underlined the presence of such
antibodies in pups before the first seasonKgbneumoniae epidemics in 2001/2002.
However, as indicated above, the test could ndingigish between the isolates Kf
pneumoniae implicated in the epidemics adl oxytoca. Thus, we cannot use this test to
determine whether a novel pathogen was introdusadthe population in 2001/2002 or

not.

The seroprevalence of amtlebsiella antibodies in pups was generally low in all years
except 2004/2005, but there was no significanted#fiice between years or between dead
and live pups. However, a significant difference &ye was revealed by the higher
seroprevalence in the oldest pups, especially 042D05. In this season, data from
necropsied pups contributed for only one thirdref humber of samples. It is very likely
that the higher proportion of seropositive pupseobsd that year (Fig. 9.4) may be due to
the inclusion of a majority of live pups in relagly good health compared to the previous
years, where only serum samples from dead pups avalysed. A possible explanation is
that pups that died acutely &lebsiella septicaemia during the epidemics did not have

sufficient time to seroconvert before they died.

In live pups monitored during the 2004/2005 seasloa,first seropositive result was
recorded during the seventh week. By the eighthkyak pups showed anKiebsiella
antibodies. In contrast, amongst the pups samptedviay 2000, when they were

approximately five months-old, only 19% were seosipve. This is very low when
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compared to the seroprevalence in live adults tier game year (almost 100%) and still
lower than for live pups in 2004/2005. This implist neonates in 2004/2005 had been

under higher exposure Kiebsiella antigens than older pups before the epidemics.

A possible reason for the sero-positivity of NZSlefore the epidemics could be the
serological response to othi€lebsiella spp. such ak. oxytoca which was isolated from
one pup found dead at Sandy Bay Beach rookery @/2001. The identity of this isolate
was confirmed by using phenotyping tests and ptiiedd gel electrophoresis (PFGE)
(Castinel et al., submitted see Chapter 7). Even though thisolate differed from that
involved in the mass mortality of the following yed suggests that this genus was at least
present in the environment or circulating withire tireeding population before the
epidemics. Further isolates Kf oxytoca have been obtained from dead adult sea lions
caught by the fisheries around the Auckland Islasidse 1997 (Duignan, unpublished
data). Only one PFGE type &. pneumoniae was present during the epidemics further
supporting the assumption that the pathogen waswel nintroduction in 2001/2002

(Castinel et al., submitterj see Chapter 7).

The lower frequencies oKlebsiella antibodies in NZSL newborns than in adults
suggested that passive transfer of maternallkdelsiella antibodies may be deficient. It
also suggests that pups are born with a relatimehyature immune response and take some
time to respond to a bacterial challenge. ConsdfjyenWB method was developed for the
guantification of sea lion serum IgGs and was used limited number of serum samples.
While numerous sandwich ELISAs are commerciallyilabée for the determination of
immunoglobulin levels in a number of animal species such ELISA existed for NZSL
immunoglobulins. The 1IgG-WB method was able to dieterum IgG levels as low as 1

mg/ml.

In one to two weeks-old pups, IgG levels were fotmdbe below 10 mg/ml whereas
adults had much higher concentrations, generallgertttan 20 mg/ml. Such low levels of
immunoglobulins in newborns could reflect a poorfailing passive transfer of immunity

from the adult females. Pups obtain antibodies fitbeir dam either by transplacental
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migration or via colostrum and uptake of immunogioiis from the small intestine.
Pinnipeds and terrestrial carnivores share the samdetheliochorial placentation (Carter
and Enders, 2004). Due to the limited number ofdist investigating the role of
transplacental transfer of antibodies in pinnipati€an only be suggested that prenatal
transfer of antibodies may present some similaribetween species. The transferred IgGs
would then directly reflect the pup serum level swead at birth. For instance, the amount
of maternal IgGs passively transferred via the gaé& was estimated to be less than 5 % of
the concentration of immunoglobulins of lactatingmiales of the northern fur seal
(Callorhinus ursinus) (Cavagnolo and Vedros, 1979) and of the harb@al $hoca
vitulina) (Ross et al., 1994). Colostrum was reported tdain high levels of IgG in both
phocids and otariids, and therefore to be the msgorce of IgG for harbour seal pups
(Ross et al., 1994), grey seal puptal{choerus grypus) (Carter et al., 1990), northern fur
seal pups (Cavagnolo and Vedros, 1979) and nortfhMimounga angustirostris) (King et
al., 1998) and southern elephant seal pipsi€onina) (Marquez et al., 2003). Although
the serum levels of IgG in neonatal bovine calves weported to be directly proportional
to the colostrum concentration (Stott et al., 1978h immunoglobulin concentrations of
pinniped colostrum were not associated with higlurselevels of IgG in northern fur seal
pup (Cavagnolo and Vedros, 1979). Colostrum hasbeen analysed in NZSLs but the
presence of IgG in the neonate serum indicatedgassive transfer of immunoglobulins
had occurred, yet at a low rate. The number of maegies in adult females could also
condition the transfer of immunity: for instance ttolostrum of primiparous northern fur
seal females appeared to contain less Igs thander @ams (Beckmen et al., 2003).
However, this did not apply to the present studyN#SLs, since all dams of the pups

examined for IgG concentrations were known to béiparous.

Overall, serum IgG levels in NZSL pups were comsistvith those reported in other
pinniped species. IgG concentrations in grey siaieased from 4.11 mg/ml during the
first days of life to 10.66 mg/ml at five weeks-d[@arter et al., 1990). Higher values were
reported in northern fur seals with 52.3 mg/ml ada¥s-old and 46.5 mg/ml (Cavagnolo
and Vedros, 1979). In NZSLs, IgG concentrationggeahbetween less than 1.0 and 9.7

mg/ml from birth to two weeks-old, and it measuugdto 16.1 mg/ml at four weeks of age
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and up to 23.5 mg/ml at seven weeks. Values of Np8ps between four and seven
weeks-old overlapped with the standard referencgeador canine pups (10-20 mg/ml,
Foale et al., 2003). However, the average IgG aunagon in NZSL pups from birth to
about two months-old (4.4 mg/ml) remained below tleemal values for canine pups.
When NZSL pup IgG concentrations were comparedltdt ginnipeds, higher levels were
observed in adult grey seals at 70.6 mg/ml (Cated., 1990), in harbour seals at 20.0 to
90.0 mg/ml (Carter et al., 1992), in northern feals at 180.6 to 193.6 mg/ml (Cavagnolo
and Vedros, 1979) and in adult NZSLs (80 mg/mlseng study). This suggests there is an
increase of immunoglobulin production with age kh#re were no data available from
NZSL yearlings and juveniles to compare with valf@spups and adults in the present

study.

Pups benefit from maternal immunoglobulins forrailed period of time whilst they
develop their own immune response to the pathofesg are exposed to. There are no
techniques available to discriminate maternallyixael from innate Igs but it is possible to
determine the level of serum antibodies in the goanimals after experimental challenge
of their immune system induced by vaccination. &sicdbf response to vaccination in
various pinniped species established that neoaatesapable of developing a rapid, strong
and highly specific humoral immune response to @gghs such as agents of equine
tetanus (Beckmen et al., 2003) and rabies (Roak, €t994). Although NZSL pups showed
no antibodies td&. pneumoniae for the first four weeks, some IgGs were detecteddyen
weeks suggesting that they had developed their lmwnoral immune response over that
time, which appears longer than what was repomeddrthern fur seal, harbour seal and
northern elephant seal neonates after immunologlwalenge (Beckmen et al., 2003; Ross
et al., 1994; King et al., 1998).

Failure to develop protective immunity to a newigemn was illustrated in harbour seals
during an outbreak of phocine herpesvirus-1 (Kihgale 2001). In this study, existing
antibodies directed towards a similar, but sligtdifferent antigenic epitope bound to the
pathogen and provided some protection but therengasvidence of a humoral immune

response to the new virus in pups that died froenviral infection. Since NZSL neonates
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rely upon maternal Igs and given that these arsgobhsn small quantity through the
colostrum, it is very likely that they were not pcted against. pneumoniae in
2001/2002 and 2002/2003. Most neonates died acupebpably soon after they were
exposed to an overwhelming challenge of the bactgriSandy Bay Beach rookery. There
are still many unknown factors that may have cbntad to theé<. pneumoniae epidemics.
Nevertheless, unlike the relative cross-protecpogviously evoked in harbour seal pups,
serological results from the present study dematesdr that cross-reacting antibodies
betweenKlebsiella species, already circulating in the adult NZSL gdapan, were not
transferred in large quantities and there was apresgly limited protection for the pups
during the epidemics.
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CONCLUSION —Chapter 9

Because of the antigenic similarities between Kidla® species, it was not possible to
conclude from the serological results whetKégbsiella pneumoniae was in fact endemic
or if it had suddenly appeared on the rookery i012R002. Although there was some
evidence of a humoral immune response directedsig&i oxytoca prior to the epidemics
it did not seem sufficient to protect the populatiagainst a pathogenic strain Kf
pneumoniae. In addition, the present study suggested thaiceawersion in response to
Klebsiella antigens in the NZSL population had not been ecédiiby the 2001/2002 and
2002/2003 epidemics. While many pups did not hawe anti- Klebsiella antibodies, it
seemed that those with such antibodies were ntégisal againg. pneumoniae infection
This implies that the NZSL population is still ask from this pathogen, even after two
epidemic seasons. Such an unfortunate paradox Vgas adbserved in harbour seals
following epizootics with Phocine Distemper Virusgrter et al., 1992).
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Chapter 10

General Discussion

The research presented here on the causes of akomattality in NZSLs has
highlighted two interesting aspects. First, it sedvthat the main causes of mortality at
Sandy Bay Beach on Enderby Island were being degghin the same chronological
order, for every breeding season. Secondly, it timéel the relative vulnerability of
this NZSL population to unusual pathogens such Kdsbsiella pneumoniae.
Uncinariosis was considered to be a primary catisiea@th in about 13% of pups but all
were found to be infected with hookworms. Consetjyedetermining the role of these
parasites in neonatal mortality was complex but cengarative study involving
artificially parasite-free and naturally infectedigs allowed the investigation of the

effect of hookworms on pup health.

I. Hookworms and pinniped neonates

Uncinaria spp. was the only endoparasite found in NZSL pups the period of
study, which is consistent with what has been olegkin other pinnipeds (Lucas, 1899;
Baylis, 1947; Olsen, 1952; Dailey and Hill, 1970ot® and Mafié-Garzén, 1975;
Berdn-Vera et al., 2004). The hookworm speciesridsst in NZSLs presented some
morphometric differences from the two other spec#sady reported in pinnipeds
(Baylis, 1933, 1947) and it is suggested to beastl a separate strain if not a different
species. This raises the possibility that othedemiological aspects might also be
different. However, molecular characterisation égjuired to fully determine if the

hookworms infecting NZSL pups are a novel species.
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Studies undertaken in the current research ofiféheycle of hookworms in NZSLs
have shown similarities witkincinaria lucas in northern fur seals and California sea
lions (Lyons, 1963; Lyons et al., 2000a). Althoumsed on observations in three NZSL
newborns, it is evident that these pups were iimgstss through the colostrum.
Further evidence supporting transmammary transamssias the finding of ten larvae

of similar size and morphology in the mammary gkaotilactating adult females.

Faecal examinations demonstrated that pups weeeldsig large numbers of
hookworm eggs on the beach from three weeks of indeating the minimum
prepatent period would be about this long. It ipdthesised that these eggs will then
develop into free-living infective larvae that wiitifect all NZSLs. These, in turn, would
be the source of transmmary transmission for fugeeerations of pups. Evidence to
support this hypothesis was the successful culjurinensheathedsk in the field and
the finding of similar larvae (without a sheath)thre subcutaneous tissues of NZSLs
(especially in pups, in an adult male and in nantaling females). The general size of
these Lz was consistent with each other and with reportsimoflar stages obncinaria
lucasi in northern fur seals (Lyons, 1963; Lyons and KeyE®/78). The finding of
larvae in the subcutaneous tissue of NZSL femajes muggests these may be a source

of transmammary infection for their offspring.

It is not known when pups expel hookworms fromirthatestines or what
mechanisms are associated with this phenomenoniniinene response developed by
the host towards parasites is part of a complexaayn between the two parties, with
the ideal outcome being a balanced relationship, the two extremes resulting in
disease or in the expulsion of parasites. Necr@ds)ZSL yearlings has shown that

they no longer harbour intestinal infection wittokavorms.

One way to maintain the hookworm life cycle on thekery is the possibility that
larvae could overwinter in the sand. In the cursgnty, such larvae were found in soil
samples at the end of the breeding season butwe¢neresent in samples taken at the
same sites at the beginning of the following seabtmwever, this was not surprising as
the sand at Sandy Bay Beach is washed away durengvinter. This suggests that the

only likely source of infection for future generais of pups on this rookery is the
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hypobiotic larvae that reactivate during lactatiéinis unknown whether all of these
inhibited larvae reactivate at the next lactatiomly some, implying that a single pool
of dormant larvae would ensure that several gelogisabf pups could become infected,
without requiring reinfection. Studies in captivieqipeds have shown that larvae could
at least survive several years before being tratento the pup (Lyons and Bigg,
1983; Lyons and Keyes, 1984). Overall, the biolafyUncinaria spp. in NZSLs
resembles that reported féfncinaria lucasi in other pinniped hosts (Lyons et al.,
2000a, 2000Db).

Clinical pathology associated with hookworm infeatin NZSL pups was similar
to lesions reported in dogs infected wihncylostoma caninum (Miller et al., 1971;
Kalkofen, 1987). It mainly consisted of haemorrlcagnteritis with large amounts of
frank blood in the intestinal lumen. However, canyrto the situation reported in dogs,
there was no apparent relationship between bundéresions in the NZSL. In addition,
the present research did not succeed in showing asigtionship between
haematological parameters and the occurrence diwaron infection. There was no
evidence of anaemia in live infected pups. Why spuoes succumbed and not others is

at present uncertain.

Another possible pathological role bincinaria spp. in NZSLs was its effect on
neonatal growth. Even though studies investigativegeffect of parasitism on neonatal
growth in wild animal species are very scarce, lawkn infection may be associated
with weight loss, lack of appetite and growth dellmyhuman neonates, children and in
young domestic carnivores (Miller, 1971; Anders?@Q0; Kucik et al., 2004). In NZSL
pups, hookworm infection would not impact on pupwgh and survival (Chilvers et

al., in preparation).

Some associations between pathogens happen toyrisgistic. each species
increases the pathogenicity of the other (Petnely Aamdrews, 1998). This may have
been the case in NZSL pups infected with hookwordwsing the Klebsiella
pneumoniae epidemics. Parasites could have debilitated pupd, these may have

consequently become more susceptible to the bacpathogen.
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I1. Klebsiella pneumoniae epidemics

Klebsiella pneumoniae had not been identified as a cause of neonatah geatdr to
2001/2002. During the 2001/2002 and 2002/2003 lmgeskasons, this bacterium was
cultured from a wide range of lesions and organteaced in NZSL pups at necropsy.
In this respect, the high mortality events causgd<bpneumoniae during these two
seasons fulfil the requirements to be describedragpidemic, in that there was a
sudden onset and a high incidence of infectionthéurevidence in support was the
characterisation oK. pneumoniae as a single bacterial clone. Interestingly, it was
different from K. pneumoniae cultured from adult NZSLs before and during the
epidemics, although it was isolated from one achdte on the Otago Peninsula after
the epidemics. The actual source of this particcllanal strain remains uncertain. From
the limited testing undertaken, it was apparent this K. pneumoniae clone was not
resistant to common antimicrobial agents. This wWauggest that it did not originate
from humans as antibiotic resistance in human teslaf Klebsiella species is a

common feature.

To investigate whethel. pneumoniae causing epidemics in NZSLs was a novel
pathogen to the rookery, a serological survey wadetaken using WB. Results
showed a high prevalence of aKtebsiella antibodies in adults, indicating that
Klebsiella species were circulating in the NZSL population. ¢ontrast, the
seroprevalence in pups older than a month was Dsfly regardless of whether it was
an epidemic year or not, which suggested limitedennal transfer of passive immunity
against Klebsiella pathogens. Even after the 2001/2002 and 2002/2Q@03emic
seasons, there was no evidence of maternal tranffantiKlebsiella antibodies as
these pups had a seroprevalence of 0%. This imihiéés/oung pups were not passively
protected againd{. pneumoniae infections. However, it was not possible to acaelsat
determine the sensitivity of the WB test as NZSle andangered animals and
experimental infections required to optimise teshsitivity were not possible. A
limitation to these findings is also the lack oEsflicity of the WB. It was shown that

this assay could not distinguish between two sgecfdlebsiella (Klebsiella oxytoca
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and K. pneumoniae). Therefore this technique did not allow drawingdafinite
conclusion regarding the presence or the absenteioK. pneumoniae strainin the

Sandy Bay Beach population prior to the epidemics.

Lesions associated witk. pneumoniae in NZSLs were dominated by arthitis, often in
several joints, and septicaemia. A diverse randesibns have been separately reported
to be caused bi. pneumoniae in other animals, including humans (Giles et &.74;
Jackson et al., 1980; Enurah et al., 1988; Coddttal., 2001; Park et al., 2004). A
feature of the disease in NZSLs was the broad gpaodf lesions that were caused by
this pathogen and that were often observed in plelbrgans of the same animal. Most
Klebsiella spp. infections reported in other animals are gdhlyenot associated with a

multi-systemic presentation of lesions.

I11. Variability in the virulence of the opportunistic Klebsiella pneumoniae

Infections with opportunistic pathogens naturallgcar in wild animals. Their
functional immune system develops an adapted respand keeps the antigens in
memory. Despite being specific, cellular immunitgncprotect individuals in the
presence of slightly different pathogens. Howeiteis possible that a small genotypic
difference between two strains of the same battspacies generates a significant
modification of its pathogenicity. It has been shoexperimentally that the virulence of
K. pneumoniae causing metritis in horses was directly propowioto the “degree of
encapsulation” of the bacteria (Kikuchi et al., TR&ven though antibodies agaiist
pneumoniae may cross-react with other Klebsiellae, it is likéhat the presence of a
particular type of capsular antigens requires lyigiplecific antibodies. This hypothesis
could explain the absence of immune protection &SN pups during thek.
pneumoniae epidemics, despite the presence of general Kdslisiella antibodies at
least in one in five pups. Highly virulent agentaymowe their pathogenicity to the

absence of highly specific immunity in the hosts.
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IV. Emerging diseases and circulation of pathogens

Global environmental and nutritional stresses miagilenge the health of marine
mammals and consequently enhance the emergenceatbbgens in the marine
ecosystem, which may occasionally lead to diseatim@aks (Harwood and Hall, 1990;
Harvell et al., 1999). Oceans may also serve asuliators of human diseases” (Harvell
et al.,, 1999). Indeed, emerging infectious diseadewildlife in general represent a
potential threat for the health of both humans dadhestic animals. Many pathogens
including the bacterial gene@ostridium, Klebsiella, Legionella and Salmonella are
commonly found in estuaries and oceans (Grimes])198 regions of the world where
consumption of seals and polar bears by humansasnanon practice, the zoonotic risk
is even more important (Measures and Olson, 196hds, 2002). On the other hand,
the development of ecotourism in remote latitudéses the issue of human-associated
pathogens being introduced into naive wildlife gapans. The code of conduct
imposed to travel agents operating in Antarctiod iarthe Sub-Antarctic regions is very
strict and so far is no evidence that this luceatietivity had led to bacterial pollution
of such wild locations (Bonnedahl et al., 2005).eféh was no evidence that the
epidemic strairof Klebsiella pneumoniae isolatedfrom NZSLs on Enderby Island could
have been introduced by tourists or scientists.elitbeless, with the blossoming of the
tourist industry in wild sanctuaries and naturaemges, the emergence of new diseases
in breeding colonies of birds and pinnipeds habdceexpected. This is another reason
why continuous health monitoring in marine mammasa key component for

understanding emerging and endemic pathogens aiceffidemiology.

V. Individual susceptibility to disease

It has been suggested that the impairment of laellcomponents of pinniped
immune response by environmental factors couldlypaxplain the resurgence of
pathogens in wildlife and the mass mortalities @ffey the marine ecosystem (Bleavins
and Aulerich, 1983; Harwood and Hall, 1990; DeSwvearl., 1993; Harvell et al., 1999;
Beckmen et al., 2003). In addition, the geneticeBity of some pinniped species has

been reported to decline, as a direct consequdndecceased population sizes. In such
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a small population as the NZSLs, the genetic dityermay be reduced. Inbreeding
becomes inevitable in declining populations, legdio increased homozygosity for
some genes, including the MHC genes. Reduced ilivest these genes has been
suggested to be a factor in susceptibility to itifes diseases in wild animals,
including otariids (O’Brien and Evermann, 1988; medo-Whitehouse et al., 2003;
Lento et al., 2003). It has been demonstrated khat genetic heterozygosity in
California sea lions, and possibly in other pindigpecies, was associated with loss of
fitness (Acevedo-Whitehouse et al., 2006). Studresestigating the relationships
between variability of MHC genes and the variousises of mortality in NZSL
neonates presented in this research are in prodréessikely these results will underpin
the consequences of low genetic diversity in NZ8hd their individual susceptibility
to disease (Lento et al., 2003). Such studies qouadide, at least in part, some level of

explanation for the variation of pathogenicity a@fkworms in individual NZSL pups.
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Conclusion of the Discussion

Working with an endangered species such as the NinSd_remote location, brings
some constraints. These include the difficulty btaining research permits and the

challenge to collect samples from wild animalsenfin arduous field conditions.

Nevertheless, this particular body of researchrieasaled information about some
aspects of neonatal mortality in NZSLs. As with aajentific study, there have been
additional questions raised during this investmgatand these should be addressed in
future research on mortality in NZSL pups. Suchdigs should focus on reinforcing
data collected on the life cycle of hookworms aaelchl surveys should be extended to
older pups in the season to clarify the persistepicéne infection in pups. Health
monitoring should be carried on at Sandy Bay Bdachnsure the continuity of data
from this NZSL subpopulation, especially to monitbe role of K.pneumoniae in
subsequent breeding seasons. Bacteriological asayysuld be conducted on faeces of
wild seabirds living on this rookery to determifi¢hiey play a role in the epidemiology

of pathogens circulating in the breeding colong|udingKlebsiella species.

Despite its status of being an endangered spemxscped by conservation laws, the
NZSL population seems to be declining. The occueaf epidemics at Sandy Bay
Beach for the last decade (1997/1998, 2001/2002 206£/2003) has shown that
NZSLs, especially pups, could be highly susceptiblsome novel pathogens. The main
natural causes of mortality (including trauma, baat and hookworm infections,
starvation and stillbirth) are recurrent. In additi epidemics involving bacterial
pathogens also seem inevitable as they occurrgdré® of the last nine years. These
mortality factors need to be given considerable artgnce when establishing

management plans of an endangered species suoh HZEL.
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APPENDIX 2.1
Gross findings associated with stillbirth
in New Zealand sea lion (NZSL) pups

Fig. 1. New Zealand sea lion female and its stillborn pup.
Pups start moving and calling after being freednfrthe foetal membranes by the
mother, a few seconds only after birth. In the pnégase, the pup was never observed
moving and breathing but the female stayed witlputs for the whole day.

Fig. 2. Cardio-respiratory system of a Fig. 3. Dorsal view of the dissected
stillborn pup. Lungs are characterized by a skull of a stillborn pup. Another
pink colour when they are functional characteristic of stillborn pups is the
(insufflated), unlike the dark and dense absence of connection between the
lungs of a stillborn pup. L: lungs; H: heart; skull pieces, as indicated by arrows.
T: thymus.

222



APPENDIX 2.2
Histopathological findings associated with stillbirth
in four NZSL pups

No. of pups

Histological findings with lesion

Respiratory system
Atelectatic lungs

Amniotic fluid in airways 3

Presence of inflammatory cells in
airways
Embolic pneumonia 2

Thymus
Congestion 1

Liver
Diffuse hepatocellular vacuolation
(probable lipidosis)

Kidneys
Severe diffuse haemorrhage 1

No gross lesions 3
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APPENDIX 2.3
Histological findings associated with starvation/malnutrition
in five NZSL pups

No. of pups

Histological findings with lesion

Respiratory system

Diffuse congestion
Fluid/exsudate in airways

Acute lobular haemorrhage

1
2
Acute suppurative pneumonia 1
1
Acute interstitial oedema 1

1

Acute alveolar emphysema

Lymphatic tissues

Oedematous lymph nodes 1
Very pale lymph nodes 1

Tonsil

Reactive lymphoid follicles 1

Liver

Mild diffuse congestion 1
Intrahepatic cholestasis 1
Kidneys

Severe diffuse haemorrhage 1
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APPENDIX 2.4
Summary of statistical outputs
for neonatal mortality in NZSLs
(Statistical computer package SAS, version 9.1S 8#stitute Inc., Cary, NC, USA)

= Mortality rate from 1998/1999 to 2004/2005

GENMOD Procedure
Class: sex, year ]
Model (logit, binomial, type 3 error): survival= sex, year, sex*year

LR Statistics For Type 3 Analysis

source DF Chi-Square Pr > Cchisq
sex 1 4.57 0.0325
year 6 162.94 <.0001
sex*year 6 0.94 0.9877

Least Squares Means (LSM)

Effect year Estimate Standard Error DF Chi-Square Pr > Chisq
year 1998-1999 -2.6773 0.1800 1 221.32 <.0001
year 1999-2000 -2.3514 0.1578 1 222.12 <.0001
year 2000-2001 -2.1057 0.1356 1 241.12 <.0001
year 2001-2002 -0.7877 0.1075 1 53.74 <.0001
year 2002-2003  -1.2607 0.1090 1 133.73 <.0001
year 2003-2004  -1.8821 0.1311 1 205.97 <.0001
year 2004-2005 -1.9694 0.1453 1 183.80 <.0001

Transformation of LSM:

Year Togit LSM Standard error(se) z-value Tower bound upper bound
1998-1999 -2.6773 0.1800 1.96 -3.0301 -2.3245
1999-2000 -2.3514 0.1578 1.96 -2.6606 -2.0421
2000-2001 -2.1057 0.1356 1.96 -2.3714 -1.8399
2001-2002 -0.7877 0.1075 1.96 -0.9984 -0.5770
2002-2003 -1.2607 0.1090 1.96 -1.4743 -1.0470
2003-2004 -1.8821 0.1311 1.96 -2.1390 -1.6251
2004-2005 -1.9694 0.1453 1.96 -2.2541 -1.6846
Year Nominal survivors* Tower bound upper bound Nominal
Dead pups
1998-1999 0.9357 0.9109 0.9539 0.0643
1999-2000 0.9130 0.8851 0.9347 0.0870
2000-2001 0.8915 0.8629 0.9146 0.1085
2001-2002 0.6873 0.6404 0.7307 0.3127
2002-2003 0.7791 0.7402 0.8137 0.2209
2003-2004 0.8679 0.8355 0.8946 0.1321
2004-2005 0.8775 0.8435 0.9050 0.1225

* Togit LSM = z*se
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= Causes of mortality from 1998/1999 to 2004/2005: effect of sex and year

GENMOD Procedure

Class: sex, year

Model (logit, binomial, type 3 error): cause (stillborn or starvation or trauma
or bacterial or hookworm infection)= sex, year, sex*year

1. STILLBORN
LR Statistics For Type 3 Analysis

source DF Chi-Square Pr > Cchisq
year 6 10.61 0.1012
sex 1 1.09 0.2967

2. STARVATION
LR Statistics For Type 3 Analysis

source DF Chi-Square Pr > Cchisq
year 6 29.51 <.0001
sex 1 3.45 0.0632
year*sex 6 11.33 0.0787
3. TRAUMA
LR Statistics For Type 3 Analysis
source DF Chi-Square Pr > Cchisq
year 6 5.18 0.5214
sex 1 4.46 0.0348
year*sex 6 14.59 0.0237

4. BACTERIAL INFECTION
LR Statistics For Type 3 Analysis

source DF Chi-Square Pr > Cchisq
year 6 43.14 <.0001
sex 1 7.24 0.0071
year*sex 6 9.15 0.1654

5. HOOKWORM INFECTION
LR Statistics For Type 3 Analysis

source DF Chi Square Pr > Cchisq
year 6 9.68 0.1390
sex 1 5.33 0.0210
year*sex 6 5.55 0.4759
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= Hookworm in NZSL pups: prevalence and burden

1. General prevalence of hookworm infection at necropsy

GENMOD Procedure

Class: sex, year, body condition (bc), morphometric index (mor_index), time
(‘prev’=1 for prevalence of hookworm infection at necropsy before mid January
and ‘prev’=2 after mid January)

Model (logit, binomial, type 3 error): general prevalence of hookworm infection
at necropsy (gen_hookw)= sex, year, bc, mor_index, prev

LR Statistics For Type 3 Analysis

source DF Chi-Square Pr > Chisq
year 6 36.67 <.0001
sex 1 0.00 0.9987
bc 3 2.65 0.4496
mor_index 1 0.06 0.8044
prev 1 37.99 <.0001

2. Hookworm infection as a cause of mortality

GENMOD Procedure

Class: sex, year, bc, prev

Model (logit, binomial, type 3 error): hookworm (hookworm infection as primary
cause of mortality)= year, sex, year*sex, bc, mor_index, prev

LR Statistics For Type 3 Analysis

source DF Chi-Square Pr > Cchisq
year 6 8.62 0.1961
sex 1 5.30 0.0214
year*sex 6 4.30 0.6361
bc 3 2.24 0.5242
mor_index 1 0.11 0.7432
prev 1 18.85 <.0001
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3. Hookworm burden

MIXED Procedure

Class: sex, year, bc, bacterial infection diagnosed at necropsy (gen_bact)
Model log-transformed burden (logburden)= year, sex, bc, gen_bact

Type 3 Tests of Fixed Effects

Effect Num DF Den DF F value Pr > F
year 6 78 2.22 0.0494
sex 1 78 1.24 0.2698
bc 3 78 0.10 0.9583
gen_bact 1 78 0.05 0.8157

Transformation Least Square Means (LSM)-logburden to LSM-burden

Effect year/sex/gen_bact LSM
bound

year 1998-1999 6.4
year 1999-2000 6.7
year 2000-2001 6.6
year 2001-2002 5.8
year 2002-2003 6.7
year 2003-2004 7.5
year 2004-2005 7.3
sex 1 6.6
sex 2 6.9
gen_bact 0 6.7
gen_bact 1 6.7

standard error

[ofofolololofolololoXe]
NNNNDwDhUIUTw b

Tower bound

aaooooouvih~huiouv
NWANIDNOXONRO

upper

NNNNO00ONONNN
RPFNWOORONOWR

Hookworm burdens by year, sex and diagnosis of bacterial

Effect Nominal mean burden Tower bound upper
bound

1998-1999 591.8 276.5 1266.7
1999-2000 790.4 440.1 1419.8
2000-2001 761.4 302.2 1918.6
2001-2002 333.9 135.9 820.2
2002-2003 825.8 345.0 1976.7
2003-2004 1781.3 954.9 3322.8
2004-2005 1439.3 718.3 2883.9
sex 1 (male) 709.2 481.4 1044.9
sex 2 (female) 950.8 619.5 1459.4
gen_bact 0 852.7 568.9 1278.1
(no bact infect)

Gen_bact 1 790.8 504.9 1238.6

(bact infect)
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APPENDIX 2.5
Post-mortem examination of NZSL pups:
special featuresfor field necropsy at Sandy Bay Beach

1. General SOP

Standard procedure for post-mortem examination afime mammals is as described
by Duignan (1999). Detailed below are additionapstused on the Auckland Islands.
Supplementary protocols for research on hookwoifection in NZSL pups are mentioned
here but are further detailed in Appendices 54, 5.3, 5.4 and 5.5.

2. Special features of field necropsy at Sandy Bay Beach (Enderby Island)
2.1.Materials and wares
- Staff: use disposable clothes or plastic yellominrcoat and trousers, gumboots
exclusively used for post-mortem, plastic glovedifferent sizes, sunscreen or rain-hat,
sunglasses or ski goggles depending on the weeathelitions.
- Post-mortem site and table:
Clean area and check that the table isestaid horizontal.
Place a bucket by the table to dispose of visaetawastes during necropsy.
Ensure the skuas (scavenging birds) do not hasesado the bucket. Grab a few
bamboo sticks to keep them away from carcass astevisacket during necropsy.
- Record observations with pencils and weatherpnotébook.
- Scales: weight scale (Salter Spring scale + 5@gré&a;ter Housewares Ltd, Kent, UK);
meter scale (clean before use)
- Use a various range of tools and containers tpraeasure, identify, sample and store

(1.8ml cryovials, Viagen, Nunc®©).

2.2.Lifehistory
- Attribute a post-mortem number as followed: EG4ZBPh (E stands fdgnderby, 04/05
for 2004/2005 breeding season, 23 for the 23" animal necropsied in the saison, Ph for

Phocar ctos hookeri).
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- Note all elements contributing to diagnosis (€igcumstances of death, time of death,

weather prior to death, number of animals aroumdass).

2.3.External examination
- Note if the carcass has been scavenged and wbah® are missing (abdominal or
thoracic).
- Record sex, length, girth at umbilicus, weighbt(rrelevant if carcass has been
scavenged).
- Observe buccal mucosa, teeth and tongue. Chedkdgoresence of sand, grass or milk
in buccal cavity.
- Note all external wounds and scars (precise tlmmation, size and depth and the
presence of pus or blood).
- Note the presence of external parasites (licd)a@lect some in 70% ethanol (for DNA
analysis) and in 10% formalin (for morphologicabhbysis).
- Carefully check the joints as arthritis was ai¢gblesion observed during thdebsiella
pneumoniae epidemics.
- Examine the umbilicus (is it fresh, infected oagenged?).

- Note body condition and measure the ventral atdainblubber depth.

Supplementary protocol for research on hookworm infection in NZSL pups.
For very fresh carcasses only (still warm), taksiulober sample of approximately 10 Tm
over the full blubber depth, 2 cm posterior to timbilicus. This sample will be later

processed through a Baermann apparatus syseemgpendix 5.1).

2.4.Internal examination
- Collect specimens from the following tissues idt@% formalin for histology: skin,
skeletal muscle, brain, spinal cord, tongue, tortiyroid, trachea, lungs, heart, lymph
nodes, diaphragm, liver, spleen, pancreas, adrglaalds, kidney, stomach, intestine,
urinary bladder, and gonads.
- Collect specimens from the following tissues intgovials for bacteriology: liver, lung,

tonsil, thymus, lymph nodes, spleen, faeces andemmns or exudates.
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- Check if all skull bones are connected.

- Examine both thoracic and peritoneal cavitiesdorulent discharge. In the presence of
such fluid, take a bacterial swab.

- Check the floatability of lungs in a bucket fdlevith water (lungs that were never
inflated will sink; this sign contributes to diag®stillbirth). Sample the lungs at different
sites (different lobes) for histology.

- Carefully examine the different cardiac chamberscongenital abnormalities.

- Check the integrity and morphology of the diagjma(note visceral hernia or signs of
trauma on the surface).

- Observe the gall bladder (a full gall bladdereyaily indicates that the pup had not had a
recent meal).

- Describe the stomach and intestinal contents (eig, sand, grass, stones, water, frank
blood).

- Collect about 20 hookworm specimens in ethanol.

Supplementary protocol for research on hookworm infection in NZSL pups.
Collect the intestinal content after rinsing thestinal tract (see Appendix 5.3). Count the

total number of hookworms to obtain the parasiticden (see Appendix 5.4).

- Check the integrity of the distal intestinal pont (search for congenital abnormality
atresia ani).

- At the end of the internal examination and ondesamples for bacteriology and
histology have been collected, open all joints€fand hind limbs and atlanto-occipital
joint) with a small and clean incision. In the mrese of pus or abundant discharge, take a

swab for bacteriology.

Supplementary protocol for research on hookworm infection in NZSL pups.
Collect an extra sample of faeces for parasitol@palyses (the other one is for
bacteriology) $ee Appendix 5.5).

- Check that all samples (cryovials) are labelled.
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3. Disposal of the carcass and viscera

- Place the carcass and all other tissue wastiéibucket. If the pups was euthanized on
human grounds, DO NOT EMPTY THE BUCKET ON THE BEA®dt bury its content
(scavenging birds are very sensitive to the draglie euthanase pups).

- Otherwise, empty the bucket on the beach, skodsgant petrels will quickly “clean”

the scene.

4. Disinfection of necropsy tools and clothing

- This is a critical step as NZSL pups can be i@cwith highly pathogenic and
potentially zoonotic bacteria. Place all the digiie scalpel blades and needles in the
“sharp’s” container.

- Gather all necropsy tools on a tray.

- Scrub the table with detergent (do not leave lalopd stains in the corners). Rinse with
water.

- Likewise scrub and rinse tools and clothes. Altmadry in the sun or dry with paper

towels.

5. Storing samples

- Bacteriology samples are stored in a liquid m&o bottle. Regularly check the seal of
the bottle.

- Histopathology samples, parasites and DNA sangaese kept at ambient temperature.

6. Post-mortem report
Post-mortem observations should be typed as sopasssble.

Duignanet al. (1999)Unusual mortality of the New Zealand sea liBhpcarctos hookeri, Auckland Islands,
January—February 1998. Report of a workshop he®l&me 1998, Wellington, and a contingency plan for
future events / compiled by Alan Baker. Wellingtt\Z, Dept. of Conservation, 1999.
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APPENDIX 3.1

First report and characterization of adult Uncinaria spp.
in New Zealand Sea Lion (Phocarctos hookeri) pups
from the Auckland Islands, New Zealand

Parasitology Research (2006) 98, 304-309
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Abstract Two species of hookworms (Uncinaria lucasi
and Uncinaria hamiltoni) have been formally described
from pinnipeds, but dissimilar types arc noted from these
hosts. This report is the first description of hookworms
(Uncinaria spp.) from the New Zealand sea lion, Phocarctos
hookeri. The nematodes were collected from dead pups on
Enderby Island (Auckland Islands, 50730, 166°17") during
January and February, 2004, Standard measurements of male
and female hookworms were obtained, providing a general
morphometric characterization of the hookworm species in
P hookeri. Considerable variations in the body length of
adult hookworms were noted within the same host. The
arangement of some of the bursal rays differs from that
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Introduction

The New Zealand Sea Lion (NZSL), Phocarctos hookeri
(Hooker’s sea lion), is one of the rarest and most locally
endemic members of the Otariidae. This species has been
classified as “vulnerable™ and “endangered” because of its
small population size and limited distribution on the sub-
antarctic Auckland Islands (Gales and Fletcher 1999).
Studies conducted during the past 7 years on Enderby
Island (Auckland Islands) have shown that hookworm
infection is a significant cause of mortality in pups
(Castinel et al. 2004).

Only two hookworm species, Uncinaria lucasi Stiles
and Uncinaria hamiltoni Baylis, have been described from
otariids (Stiles 1901: Baylis 1933, 1947). However, in-
dividual hookworms with intermediate morphotypes have
been reported from pinniped hosts (Baylis 1947; Olsen
1952; Dailey and Hill 1970; Nadler et al. 2000), suggesting
that additional biodiversity may be present but, as yet.
uncharacterized. The present study provides a morpho-
metric description of hookworm specimens collected from
infected NZSL pups on Enderby Island. This description is
necessary for more comprehensive comparisons of Unei-
naria spp from various pinniped hosts.

Materials and methods

Necropsies to investigate neonatal mortality were con-
ducted in the field on NZSL pups found dead on Sandy Bay
beach, Enderby Island (Auckland Islands, 50°30" 166°17")
during the peried from January 7 to February 14 2004.
Mature adult hookworms were collected from the intestinal
tracts of 4- to 7-week-old pups and stored in 100% ethanol.
Thirty mature specimens were selected from four different
pups—in which individual burden ranged from 2,310 to
7,080 parasites—for morphological study, cleared with a
few drops of lactophenol and mounted temporarily on
slides. The hookworms were examined using a light micro-
scope. and images were acquired using a digital camera.
Morphological study concentrated on features used pre-
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viously to characterize U, fucasi and U. hamiltoni, in-
cluding the buccal capsule, esophagus, male copulatory
bursa, and female tail. Fertile eggs (eight-cell stage) were
obtained and measured by dissection of the uteri of
females. Esophageal length was measured from the begin-
ning of the esophageal tube (at the base of the buccal
capsule) to the junction with the intestine; this differs from
the variable measured by Baylis (1933) and Olsen (1952).
In addition, some specimens of both genders were prepared
for scanning electron microscopy (SEM) following stan-
dard procedures. Eight adult males and 11 adult females
were measured using a microscope equipped with an ocular
micrometer (Table 1). Measurements (in text) are means
followed by standard errors (ranges are provided in
Table 1). Ratios of some features were used to compare
measurements between males and females. Analyses con-
sisted of descriptive statistics and one-way analyses of
variance (ANOVAS) to investigate the effect of gender on
the measured variables. Adult Uncinaria spp specimens of
each sex were deposited as vouchers in the US National
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Fig. 1 S5EM of the anterior end of an adult hook worm (female) from
a NZSL pup in en face view. Bar scale: 40 um

Table 1 Measurements® of Uncinaria spp. from NZSL pups, U, hamiltoni from Otaria byronia (Baylis 1933), Ul lucasi from C. ursinus
(Baylis 1947) and U hamiltoni from Otavia flavescens (Beron-Vera et al. 2004)

Uncinaria spp. from Uncinaria
Phocarctos hookeri

(present study)

hamiltoni from
Otaria byronia

Uncinaria hamilioni
from aria
Mlavescens

Uncinaria hicasi
from Callorhinus
ursinus (Baylis

(Baylis 1933) 1947 (Beron-Vera et al. 2004)
Females Males Females Males Females Males Females Males
Sample size I 8 3 7 ? ? 30 29
Body length 10.35456 6.82+0.49 12.5-17.5 8.3-12.0 12.4-16.0 7487 11.37£2.94  7.85+1.52
7.20-1230  5.00-9.20 5.36-17.2 4.88-10.64
Buccal capsule 0,23:004 0.20£0.004  0.32-0.38 0.28-0.30 0.24-0.28 0.21-0.24 0,28+0,03 0.2440.02
length 0.22-0.25 0.19-0.21 0.21-0.34 0.21-0.28
Buecal capsule 0.1920.007 01720005 — - - - 0.24+0.02  0.1940.06
width 0.16-0.23 0.15-0.19 0.20-0.31 0.14-0.24
Teeth height 00440007  0.030=0,002 — - - - - -
0.037-0.050  0,025-0.035
Esophagus length 1070021 0910021 1.60-1.90 1.30-1.55  1.25-1.40 LI0=1.200 1135320011 1.090.19
0.99-1.16 0.86-0.99 0.82-1.34 0.79-1.83
Diameter 01820003 01620004  — = = = = =
of esophageal bulb  0.17-0.20 0.14-0.18
Nerve ring from 0.69£0.020 05220002 0.60-1.10 - 0.57-0.62 - - -
anterior end 0.56-0.78 0.37-0.74
of body
Spicule length - 0.69:0.016 - 1.000 - 500-360 - 0.8940 .09
0.62-0.74 0.37-1.03
Accessory piece - 0.060-0.080 — 0.12-0.14 - B0-90 - -
length
Vulva 1o 4,010, 16 - 510-7.00 - 5.20-6.30 - 4.33+1.34 -
posterior end 3.19-4.84 2.13-6.62
Length of tail 0.20£0.007 - 0.16-0.25 - 0.21-0.25 - - -
0.16-0.23
Egg length 0.13-0.14 - 0.135-0.138 - 0.12-0.14 - 0.10-0.14 -
Egg width 0.072-0.081 - 0.085-0,093 - 0.080-0.088 - 0.04-0.10 -

“Measurements are given in millimeters; they are all mnges with additional means/standard deviations for NZSL hookworms
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Fig. 2 Microphotograph (a) and drawing (b} of the bucecal capsule
of an adult hookworm (male) from a NZSL pup. Superficial dorso-
ventral view showing the mouth opening (m), cutting plates (CP),
dorsal gutter of esophagus (D), and annular thickening (ar) at the
base of buccal capsule. Bar scale: 80 um

Parasite Collection (USNPC No. 96483) (Agricultural Re-
search Service, US Department of Agriculture, Beltsville,
MD, USA).

Results

All hookworm specimens presented the general character-
istics of Uncinaria spp. (Figs. 1,2, 3, 4.5,6, 7, 8 9), with
the typical anterior bend resulting in a dorsal buccal
aperture (Fig. 1). The mouth opening spans about one half
of the buccal capsule depth in dorso-ventral view. There are
two pairs of cutting plates, one anterior and one posterior
(Figs. 2b and 4b), the latter almost entirely visible through
the mouth opening in dorso-ventral view {Lyons and

Fig. 4 Microphotograph (a) and drawing (b) of the buccal capsule
of an adult hookworm (male) from a NZSL pup. Lateral view with
the pair of teeth (T), cutting plates (C'P), and dersal gutter (DG). Bar
scale: 80 pum

Delong 2005). Bucca! capsule: The buccal capsule is
elongated; 202.0£2.0 pm long by 167.5£5.3 um wide in
males and 232.5£3.7 um by 195.446.6 pm in females.
There is a pair of very well-developed sub-ventral tecth
(Figs. 3b and 4b), with lengths from 25 to 35 pm in males
and 27 to 50 pm in females. There is an annular thickening
of the wall at the base of the buccal capsule (Fig. 2b), and
the dorsal gutter of the esophageal gland is pronounced
(Figs. 2b and 4b). Cephalic sensilla visible on the cuticle
include two pairs of papillae and one pair of amphids sur-
rounding the border of the mouth opening.

Esophagus: The esophagus is flask-shaped, common to
the other species of Uncinaria. The length (measured

Fig. 3 Microphotograph (a) and drawing (b} of the bucecal capsule
of an adult heokwomm (male) from a NZSL pup. Deeper dorso-
ventral view underlining the pair of sub-ventral teeth (7). Bar scale:

80 wm

Fig. 5 Microphotograph (a) and drawing (b) of the terminal end of
a female adult hookworm from a NZSL pup. Lateral view of the tail
showing the anus (4) and the mucro or terminal spike (isp). Bar
scale: 80 um
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Fig. & SEM of ventral view of the @il of a female adult hookwom
showing the anus. Bar scale: 50 um

from anterior to posterior end) is 912.2+21.1 pm in males
and 1,074.7+20.7 um in females; the width at the base is
157.544.1 pm in males and 183.8+2.9 pum in females. The
nerve ring surrounding the esophagus above the bulb
region is at 526.2+70.4 pum from the anterior end of the
body in males and at 685.54£22.5 pum in females.

Males: The males are 6.82£0.49 mm long. The two
copulatory spicules are equal in length (688.5£16.3 pm).
The gubemaculum is 60 to 80 um long, oblong, and
widens posteriorly. The bursa (Fig. 7a) shares similar
features with that of order Strongylida (Olsen 1974;
Schmidt and Roberts 1989). The ventral rays are fused
and measure from one half to two thirds of the medio-
lateral ray (Fig. 8b). The ventral rays diverge perpendic-
ularly from the antero-lateral-ray axis (Fig. 8b). The tips
of the postero- and antero-lateral rays are directed away
from the medio-lateral ray. The antero-lateral ray does not
touch the edge of the lateral lobe. The dorsal ray bi-

Fig. 7 Microphotograph (a) and drawing (b) of the terminal end of
a male hookworm from a NZSL pup. Dorso-ventral view of bursa
showing paired spicules (sp), genital cone (ge), dorsal (4f) and
lateral (/) lobes, and externo-dorsal (ed) and dorsal (4) rays. Bar
scale: 150 um
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Fig. 8 Microphotograph (a) and drawing (b) of the terminal end of
a male hookworm from a NZSL pup. Lateral view of copulatory
bursa presenting the amangement of ventro-ventral (vv), latero-
veniral ({v), antero-lateral (af), medio-lateral (mf), postero-lateral
(pl), externo-dorsal (ed), and dorsal () rays. Bar scale: 100 um

furcates distally with three small branches at the tips, and
diverges from the outer ray. The dorsal lobe is very small
and semicircular. The externo-dorsal ray is long, reaching
the margin of the lateral lobe, and diverges proximally
from the dorsal ray. Paired caudal papillac are present on
the lateral lobe.

Females: The females are 10.35£0.56 mm long. The
vulva is prominent, and is located 4.01+0.16 mm from
posterior end. The vagina is short and wide. The ovejectors
are longitudinal and symmetrical, with a combined length
of 450 pm. The tail (anal opening to tail tip) is 196.2+
6.8 um long (Fig. 6). The tail mucro (Fig. 5b) is usually
bent, and is between 10 and 30 um long. A pair of caudal
papillae is found at 38-40 pm from the terminal tip. The
eggs are 136.620.7 pm long by 77.1£1.4 um wide.

Results of statistical analyses are presented in Table 2 for
both crude variables and ratios of the same parameters over
the body length. There was a significant difference between
males and females in body length (p<0.001). buccal
capsule length (p=<0.001) and width (p=<0.001), esophageal
length (p=0.001), the diameter of the esophageal bulb
(p=0.001), and the distance of the nerve ring from the
anterior end (p<0.001). Tests comparing the ratios of these
variables to the total body length showed that gender had
no effect on the position of the nerve ring (p=0.63); al-
though increasing towards the level of statistical sig-
nificance, all other p values for these size characters still
support differences between males and females. This
suggests that ratios related to the body length could correct
the bias caused by the variations of size in the specimens
examined.

Discussion

The measurements of Uncinaria spp. from NZSL pups
showed a strong sexual dimorphism (body length, buccal
capsule length, and esophageal length), but there were
some morphological features of the buccal capsule and the
esophagus that did not differ between sexes. Likewise,
gender had no effect on the position of the nerve ring when
statistical comparison included the ratio of the distance as
based on total body length. This indicates that the ratios of

237



308

Fig. 9 Laterml views of male
copulatory bursae from Unci-
narig spp (redrawn): a LD ham-
droni from Baylis (1933),

bl Tweasi from Baylis (1947),
el hamiltoni platensis from
Botte and Marie-Garzon (1975).
Bar scale: 200 pum

certain measured variables may provide more accurate
conclusions than those conclusions based on specific mea-
surements, especially when comparing Uncinaria spp. in
pinniped hosts (George-Nascimento et al. 1992) where
sexually mature hookworms can vary substantially in total
body length. Ranges of body length in Uncinaria spp. from
NZSL were similar to those from Berén-Vera et al. (2004),
but were reduced relative to Ul lucasi and U hamiltoni as
described by Baylis (1933, 1947). Almost all variables
measured in hookworms from the southem hemisphere
(Botto and Mafié-Garzon 1975; Beron-Vera et al. 2004)
present a broad range with regard to measurements im-
portant for comparing species: buccal capsule length,
esophagus length, distance of wulva to posterior end,
spicule length, and egg dimensions {Table 1). Disparity in
the size of mature hookworms within the same host was
observed during the present study. The measurements from
Uncinaria spp. found in the Northem Hemisphere show
less variation (Nadler et al. 2000). Lyons (2005) quotes

Olsen (1952): “While the body size ofthe hookworms from
the sea lions tends to be larger than those from the fur seals,
the relative proportions on a percentage basis remain
almost the same.” This pertains to U. fucasi, from north-
em fur seal (Callorhinus wrsinus) and Steller sea lion
(Eumetopias jubatus) pups from St. Paul Island, Pribilof
Islands, Alaska (Olsen 1952). Using ratios may permit
compensation for this type of bias. It seems inappropriate
to include body width in comparisons for Uncinaria spp. in
NZSL, not only because mounting specimens between a
slide and a cover slip is highly likely to deform the diameter
of anematode, but because previous authors do not identify
the precise site of body width measurement.

The arrangement of the bursal rays of Uneinaria spp in
the NZSLs is characterized by the configuration of lateral
rays resembling U, fucasi, and the externo-dorsal ray being
much longer than the dorsal one is a feature more similar
to U. hamiltoni, This reinforces the need for an extensive
morphometric examination of Uncinaria species in pinnipeds.

Table 2 Effect of gender on measurements of Uncinaria spp. from NZSL pups

Variables Difference between sexes Ratio to body length Difference between sexes (p value)
(p value) for crude variables  Male Female for ratio 0 body length

Body length 000015 - - -

Buccal capsule length 0.0000013 0.020-0.033  0.019-0.033  (.0212

Buccal capsule width 000657 0.017-0.032  0.017-0.022  0.000576

Esophagus length (0L000361 00970173 0.084-0.151  0.00417

Diameter of esophageal bulb 0.0000673 0.027-0.030 0.014-0.023 0.00920

MNerve ring to anterior end of body  0.015 0.060-0.088 0.053-0.096 0.6259

Spicule length - 0.077-0.113 - -

Vulva to posterior end of body - - 0.346-0.442 -

Tail - ~ 0.014-0.026 —
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APPENDIX 3.2
Developmental stages of Uncinaria spp.

from the New Zealand sea lion, Phocarctos hookeri

Al
B.1
B.3
Figures A.1, A.2: Uncinaria spp. eggs
from New Zealand sea lion pups.
Bar scale 30pm
FiguresB.1, B.2, B.3: larval stages of
Uncinaria spp. inside egg.
Bar scale 40pm
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Figures C1. Free-living third-stage hookworm larvae (in vitro hatching) (C1). Hatching larvae are
ensheathed (C.2). Bar scale 150um.

Figures D.1, D.2: Hookworm larvae recovered from the stomach content of a New Zealand sea lion pup
at one day (D.1) and 5 day old (buccal capsule, en-face view, D.2). Bar scales: 100um (D.1) and 30um
(D.2).

Figures D.3, D.4, D.5: Pre-adult hookworm found in the small intestine of a New Zealand sea lion pup at
necropsy. D.3: buccal capsule (bar scale 40um). D.4 and D.5: terminal end of a male specimen with
copulatory bursain formation (bar scale 80 pm).
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E.l E.2

Figures E.1-E.4: |ateral views of the anterior end of two pre-adult hookworms from New Zealand sea
lion pups. Both specimens show a flexion of the oesophagus, which is not observed in the adult form.
This feature was never reported in other Uncinaria species. The buccal capsule presents the
characteristics of mature hookworms (e.g. teeth, cutting plates). Bar scale 100 pm.

242



Figure E.5: Lateral view of afemale hookworm collected in the small intestine of a New Zealand sealion
pup. The microphotograph is centred on the vulva. Bar scale 80um.

Figure E.6: Lateral view of the genital tract of the same immature hookworm female as in Figure E.5.
The immature stage isillustrated here by the absence of eggs in the uterus. Bar scale 80um.

Figure E.7: Lateral view of the terminal end of the same immature hookworm female as in Figure E.5.
The typical morphological characteristics of the female hookworm are presented here, with the tail and

terminal spike or mucro. Bar scale 100um.
243



F.1 F.2

Figures F.1-F.5: Scanning Electron Microscopy of adult Uncinaria spp. from New Zealand sea
lion pups. F.1: Anterior end of a female adult showing dorsa bending of the cephalic region,
characteristic of the taxonomic Family (bar scale um). F.2: Buccal opening of Uncinaria spp. from
New Zealand sea lions (bar scale um). F.3: Cauda end of a female adult hookworm from New
Zealand sea lions, harbouring the anal pore and the terminal spike or mucro (bar scale um). F.4,
F.5: Caudal end of a male adult hookworm revealing the copulatory bursa (F.4) with one of the two
spicules (F.5) emerging from the bursa (bar scale um).
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G1 G2

Figures G.1, G.2: Microphotographs of an adult hookworm from a New Zealand sea
lion pup. G.1: Latera view of the bucca capsule showing the pair of teeth and
cutting plates. G.2: Sagittal view of the buccal capsule underlining the dorsal gutter in
the background, between the teeth. Bar scale 80um.

Figures G.3, G.4: Microphotographs of a male adult hookworm from a New Zealand
sea lion pup. Dorsoventral views of bursa showing the paired spicules retracted (G.3)

and externalized (G.4). Bar scale 150um.
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APPENDIX 4.1

Temperature records* - Laboratory, Enderby Island
Daily minima-maxima from 7.12.2004 to 19.1.2005

Date Min (°C)  Max (°C)
7/12/2004  6.22 14.85
8/12/2004  6.22 14.47
9/12/2004  4.15 10.21
10/12/2004  4.15 14.85
11/12/2004  4.15 12.55
12/12/2004  3.74 11.38
13/12/2004  4.57 15.23
14/12/2004  4.99 17.14
15/12/2004  8.23 15.62
16/12/2004  7.03 17.52
17/12/2004  7.03 16.38
18/12/2004  6.22 16.76
19/12/2004  7.83 17.14
20/12/2004  7.43 16.38
21/12/2004  8.63 15.62
22/12/2004  8.63 16.38
23/12/2004  9.42 16.76
24/12/2004  8.63 15.62
25/12/2004  8.23 14.47
26/12/2004  9.42 16.76
27/12/2004  7.43 16.76
28/12/2004  10.21 17.9
29/12/2004  11.38 15.62
30/12/2004  6.62 13.7
31/12/2004  7.83 14.47
1/01/2005  7.83 16.76
2/01/2005  9.82 16.38
3/01/2005  9.42 16.76
4/01/2005  9.42 16.33
5/01/2005  9.03 16.76
6/01/2005  8.63 16
7/01/2005  9.82 17.9
8/01/2005  10.6 17.52
9/01/2005  8.63 19.42
10/01/2005  10.6 15.62
11/01/2005  8.23 15.62
12/01/2005  10.6 15.62
13/01/2005  10.99 17.52
14/01/2005  11.77 15.23 .
15/01/2005  10.99  19.04 Hobo H8 datalogger,
16/01/2005  10.6 14.85 Scott Technical
17/01/2005  9.82 17.14 Kl‘g\tl\r,“gz:‘;i’(j“am"ton*
18/01/2005  7.83 13.7
19/01/2005  6.62 17.9
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APPENDIX 4.2
Temperature records* 2003/2004- Creek and hut site$Sandy Bay Beach
Daily minima-maxima from 7.12.2004 to 23.1.2005

Creek site Hut site

Date Min (°C) Max (°C) Date Min (°C) Max (°C)
12/01/2004 11.38 12.93 12/01/2004 10.99 14.85
13/01/2004 11.77 13.32 13/01/2004 11.77 15.62
14/01/2004 12.16 13.32 14/01/2004 12.16 14.47
15/01/2004 11.38 12.93 15/01/2004 10.99 14.09

16/01/2004 10.60 13.32 16/01/2004 10.6 16
17/01/2004 12.16 16.38 17/01/2004 12.55 14.85
18/01/2004 11.77 12.93 18/01/2004 12.16 14.09
19/01/2004 10.99 12.55 19/01/2004 10.6 14.85
20/01/2004 10.21 12.93 20/01/2004 10.99 14.85
21/01/2004 11.38 13.32 21/01/2004 11.77 15.23

22/01/2004 12.16 14.09 22/01/2004 12.55 16
23/01/2004 12.93 14.85 23/01/2004 12.93 16.76
24/01/2004 12.55 14.09 24/01/2004 12.93 14.47
25/01/2004 11.77 14.47 25/01/2004 11.77 16.76
26/01/2004 12.16 14.09 26/01/2004 12.55 14.47
27/01/2004 11.77 12.93 27/01/2004 12.16 13.32
28/01/2004 11.38 12.93 28/01/2004 11.77 13.7
29/01/2004 11.77 12.93 29/01/2004 11.77 14.09
30/01/2004 11.77 13.7 30/01/2004 11.77 14.85
31/01/2004 12.16 13.32 31/01/2004 12.16 14.09
1/02/2004 11.77 12.93 1/02/2004 11.77 13.32
2/02/2004 11.77 12.55 2/02/2004 12.55 11.38
3/02/2004 11.38 12.55 3/02/2004 11.38 12.93
4/02/2004 11.77 12.55 4/02/2004 11.38 12.93
5/02/2004 10.6 13.32 5/02/2004 10.21 13.7
6/02/2004 12.16 12.93 6/02/2004 12.16 13.32
7/02/2004 10.99 12.93 7/02/2004 10.99 12.93
8/02/2004 10.21 12.55 8/02/2004 10.21 12.93
9/02/2004 11.38 12.16 9/02/2004 11.38 12.55
10/02/2004 9.82 11.38 10/02/2004 9.82 11.77
11/02/2004 10.6 11.38 11/02/2004 10.6 12.16
12/02/2004 9.42 11.38
13/02/2004 8.63 10.60
14/02/2004 9.82 10.99
* Hobo H8 datalogger, Scott Technical 15/02/2004 10.6 11.38
Instruments, Hamilton, New Zealand 16/02/2004 10.99 11.77
17/02/2004 10.6 11.77
18/02/2004 10.21 10.99
19/02/2004 9.82 10.99
20/02/2004 9.42 10.60

247



APPENDIX 4.3
Temperature records* 2004/2005- Creek site, Sandyay Beach
Daily minima-maxima from 7.12.2004 to 23.1.2005

Date Min (°C)  Max (°C) Date Min (°C) Max (°C)
7112/2004 9.42 11.38 1/01/2005 10.99 13.32
8/12/2004 9.42 9.82 2/01/2005 12.16 13.32
9/12/2004 7.83 9.42 3/01/2005 11.77 12.93

10/12/2004 7.03 8.23 4/01/2005 11.38 12.55
11/12/2004 6.62 7.83 5/01/2005 10.6 11.77
12/12/2004 6.62 8.23 6/01/2005 10.99 12.93
13/12/2004 7.03 8.23 7/01/2005 11.77 13.32
14/12/2004 7.03 9.03 8/01/2005  12.16 13.32
15/12/2004 8.23 10.99 9/01/2005 11.38 12.55
16/12/2004 8.63 10.6 10/01/2005 11.77 12.55
17/12/2004 8.63 10.21 11/01/2005 10.99 12.16
18/12/2004 7.83 9.42 12/01/2005 11.38 12.55
19/12/2004 8.63 11.77 13/01/2005 10.99 13.32
20/12/2004 9.42 11.38 14/01/2005 11.77 12.93
21/12/2004 10.21 12.16 15/01/2005  10.99 14.09
22/12/2004 10.21 11.77 16/01/2005  10.99 13.32
23/12/2004 10.21 11.77 17/01/2005 10.6 13.7
24/12/2004 10.21 11.38 18/01/2005 10.21 13.32
25/12/2004 9.82 10.99 19/01/2005 8.63 12.55
26/12/2004 9.82 10.6 20/01/2005 10.99 13.32
27/12/2004 9.03 12.6 21/01/2005 10.21 14.47
28/12/2004 10.99 11.77 22/01/2005 10.21 13.7
29/12/2004 10.6 11.77 23/01/2005 10.6 13.32
30/12/2004 9.82 11.38

31/12/2004 11.38 12.93

*Hobo H8 datalogger, Scott Technical Instrumentsnitan, New Zealand
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APPENDIX 5.1
SOP for recovering hookworm larvae from fresh tisse

and milk samples from NZSL pups

Principle

Infective hookworm larvae may be found in subcutarsetissues of NZSLs following

percutaneous infection. In lactating females, thieseae are likely to migrate to the
mammary glands and to be passed to suckling paptheicolostrum. A technique using a
Baermann apparatus may allow recovering hookworgaéfrom fresh host’s tissues and

from pups’ stomach contents.

Materials

Scalpel and scalpel blades or sharp scissors;iplaags; plastic pipette; gauze swabs;
plastic conic tube (50ml); modified Baermann apper’g stereo (dissecting) microscope
(SZ51, Olympus®©)*Baermann apparatus. assemble a plastic cone (top of a 1.5L platic
bottle) with a 50ml plastic conic tube. The maiffetience with a general Baermann system

is the absence of tape to collect the bottom camtitihe tube.

Method

- Collect about 100 to 200 grams of fresh tissues anplastic bag or about 10ml of milk
from the pup’s stomach (see Appendix 5.2). Tissnelside blubber (abdominal, axillary
and inguinal), mammary glands and even musstesjach content afewborns, placentas

- Cut tissues into very small pieces using a scadpedharp scissors. Be careful: do not
contaminate tissue with sand or tap water (both coayain other nematode larvae).

- Place the pieces of tissues or pour the milk volum® the gauze, on the top of the
funnel (plastic cone of the Baermann apparatus).

- Pour warm water (25-30°C) until the tissue piecessabmerged or top up to 1 cm below
the edge of the funnel.

- Leave the system for 4-6 hours at ambient temperatu

- Collect the bottom 20 mL of the tube from the Baanm apparatus in another conic tube

using a pipette and examine under stereomicrogéopa x10 to x35 magnification).
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Appendix 5.2
SOP for sampling stomach contents
of NZSL pups

Principle
To investigate transmammary transmission of hookwtarvae in NZSLs, pups’ stomach

contents are examined for infective larvae undaiaoscope.

Materials

2 solid straps (30 to 50 cm long); a 25ml syringglastic rubber tubing (diameter between
1 and 1.5cm, 50cm-lomg) with a 2 cm-notch at 2 comfthe "oesophageal” extremity to
facilitate the passage of milk in the tube; lubnicgel; a plastic container with a screw top.

Method

- Immobilize the pup using manual restraint teche&jand keep the pup’s mouth opened
with using the two straps (one for each jaw).

- Introduce the tubing (with lubricant at the ertity) in the oesophagus (be careful: do not
introduce the tube into the trachea).

- Aspirate about 10ml of stomach content usingstjrenge connected to the tubing.

- Disconnect the syringe from the tubing and putfge syringe content into the plastic
container.

- Remove slowly the tubing from the oesophagusjdcaany discharge of liquid from the
tube (liquid could be swallowed into the tracheg)phtting the thumb at the extremity.

- Rinse the tube with water and allow drying befitre next use.

- Examine the content under a stereomicroscope pftecessing it through a Baermann

apparatussee Appendix 5.1).
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APPENDIX 5.3
SOP for collecting adult hookworms

from the small intestines of NZSL pups

Principle
To assess hookworm burden in NZSL pups, the imi@stiontent is collected at necropsy

for every pup.

Materials
Sharp scissors; a bucket and running water; siéwasnings 75 and 150um); jars; 10%

formalin.

Method

- Cut away all the mesentery around the intestsoethey are relatively straight

separate the large and small intestine

- Get some really good small sharp scissors andhem along the intestine, opening up
the lumen

- Rinse the lumen (and rub with fingers) underlgdfbwing water into a bucket

- Empty bucket into a fine grain sieve (opening8|i/)

- Empty contents of sieve into jar with formalin.
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APPENDIX 5.4
SOP for worm counting in NZSL pups

Principle
Intestinal contents collected at necropsy of alS\W4ups infected with hookworms are

sieved and hookworms are counted to assess therburd

Materials
Glass jar (250ml); stick; “ladle” (capacity of 25mkieve (opening 150 pum); manual

counter.

Method

- Transfer the specimens from the jar filled withPd formalin (see Appendix 5.3) into a
250mL glass jar and fill it with water to 250mL.

- Mix thoroughly with a stick and immediately sam@5mL from the jar with using a
25ml “ladle”.

- Pour these 25ml onto a sieve (opening 150 um).

- Record the number of adult hookworms with a manaanter.

- Multiply the number of worms counted by 10 (didurt factor).
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APPENDIX 5.5

SOP for examination of faeces from NZSL pups

Principle

Finding hookworm eggs in pups’ faeces contributethe diagnosis of infection in NZSL
pups. The faecal egg count indicates the likelagieic burden. Strongylid egg will float in
a medium with a specific gravity of 1.2 as the satted NaCl.

Materials

Plastic bags or plastic vials; plastic gloves; pta®ops; saturated NaCl solution (prepared
with tablets dissolved into water in the field);liile glass “universal” bottle (volume

28ml); a small tea sieve (aperture jB0Q; a spoon; a 50ml-bowl; a plastic pipette;
microscopic slides and coverslips; a McMaster sli@dalvanced Equine Products,
ISSAQUAH, WA, USA); a light microscope (Olympus®©).

Method

- Direct smeatr. roll a swab of faeces on a drop of NaCl on aeséidd place a coverslip on
top of it. Examine for hookworm eggs under the tlighicroscope (low magnification first:
x40, then x100 and x200).

- Faecal flotation: break 1 gram of faeces (a coffee spoon) intorated saline water. Fill
the universal bottle with the mix and top up wittirse water until a meniscus is formed at
the top. Place a cover slip and allow the egg®teentrate underneath the coverslip for 10
minutes. Place the coverslip onto a slide and examnder the light microscope.

- Modified McMaster method for egg count: break 2 grams of faeces (a coffems)
with saturated NaCl (28ml of liquid=equivalent tmeo universal bottle) for a total
displacement of 30 ml. Work suspension throughasmsieve (aperture 140). Discard
retentate. Stir, filtrate and fill the two chambeafsthe McMaster slide with a pipette.
Leave for 5 minutes. The area under each grid1S§ tl. Count the number of eggs for

both and multiply the result by 50 to obtain thentner of eggs/gram.
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APPENDIX 6.1

Hookworm burden and faecal egg counts in live (n=24

and necropsied (n=10) NZSL pups
for the 2003/2004 and 2004/2005 breeding seasons

Pup no. Date Burden Egg count Post-mortem diagnoses*
1 5/2/2004 660 (62?%0 Arthritis (1); Hookworm infiect (2)
2 5/2/2004 770 1,000 Trauma (1); Hookworm infecti@n
3 14/1/2005 1,490 900 Hookworm infection (1); Attilsr(2)
4 27/1/2004 2,310 11,200 Hookworm infection (1)
5 10/2/2004 2,670 7,300 Hookworm infection (1); Beemia (2)
6 5/2/2004 3,910 3,400 Hookworm infection (1); Trau(2)
7 21/1/2004 *x 1,000 Trauma (1); Hookworm infecti®)
8 2/2/2004 * 5,600 Hookworm (1); Polyarthritis (2)
9 14/2/2004 Hok 3,500 Trauma (1); Hookworm infection (2)
10 14/2/2004 ok 8,300 Hookworm infection (1)
11 14/1/2005 ok 2,000 n/a
12 | 18/1/2005 . 29,000 n/a
13 | 25/1/2005 wx 09,0004 n/a
(30 days-old)
14 | 30/1/2005 . 12,000 n/a
15 4/2/2005 o 6,000 n/a
16 4/2/2005 o 8,000 n/a
17 | 19/1/2004 . 18,000 n/a
18 22/1/2004 ok 9,000 n/a
19 21/1/2004 *k 3,000 n/a
20 | 29/1/2004 ax 1,000 n/a
21| 29/1/2004 wx 3,000 n/a
22 | 20/1/2004|  ® ( 43‘3;‘32_0| 0 n/a
23 | 5/2/2004 - (50%232_0| 0 n/a
24 | 5/2/2004 - 200 n/a

*when applicable; ** not known; Pups no. 1 to 1@ aecropsied pups and no.11 to 24 are live pups.
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APPENDIX 6.2
SOP for blood sampling of
NZSL pups between birth and 2 months of age

Principle
Blood samples allow measuring haematological par@mand investigating the influence
of hookworm infection on these data.

Materials
5mL syringes; needles 18G; 10ml-blood tubes comginEDTA (Vacutainer© Becton,
Dickinson and Co, NJ, USA).

Method

- Handling (cf figure below). The pup is restrained in a sgstconsisting of a fleece square
secured with Velcro© straps. Two persons are nacgds hold the pup and to keep the
puncture site immobile.

- Blood collection. To access the caudal gluteal vein, palpate theféwwral trochanters
and draw a virtual triangle with the base of thié fBhe vein is parallel to the sacral
vertebrae in the area. Puncture the vein with megdiunted on the syringe and withdraw
about 2ml of blood.

- Blood transfer. Blood is immediately transferred into untreateerist or EDTA tubes
(Vacutainer®, USA).

- Carefully detach needle from syringe and plaaglugeedle in sharp container.

e
/s

caudal
gluteal vein
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APPENDIX 6.3
Haematocrit of NZSL pups (1):
2003/2004 breeding season

= ~ = -

k=) = S k=) = S

S 35 £ % &g S 5 £ % &g
a " - < IS a ! - < IS
042 M 0 32 37.0 Y21 M 1 40 27.0
043 F 0 36 20.0 Y20 M 1 41 28.0
041 M 0 37 37.0 Y17 F 1 44 25.0
038 F 0 38 31.0 Y12 M 1 45 24.0
039 M 0 38 30.0 Y14 M 1 45 33.0
031 F 0 41 21.5 Y13 F 1 45 28.5
034 M 0 41 30.0 Y10 F 1 46 27.0
023 F 0 42 26.0 Y7 M 1 47 31.0
036 M 0 42 26.0 Y8 F 1 47 36.0
026 M 0 43 27.0 Y9 M 1 47 32.0
029 F 0 44 32.0 Y5 M 1 49 29.0
018 F 0 46 28.0 Y3 F 1 51 32.0
0o17 F 0 47 33.0 Y2 M 1 52 29.0
020 M 0 47 30.0

09 M 0 49 38.5

010 F 0 49 26.0

05 M 0 52 26.5

O3 F 0 53 27.0

*  Treatment O=infected pups; 1=pups treated with
ivermectin (200 pg/kg; Ivomec® injection for cattle, sheep
and pig, 10g/L ivermectin, Merial New Zealand Ltd).

Pups were injected three times (at 2 days, 7 days and 1 ofadb).
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APPENDIX 6.3 (cont.)
Haematocrit of NZSL pups (2):
2004/2005 breeding season

= ~ = = o

k=) = S ® k=) = T w

S 35 £ % &g S 5 £ % &g
a " - < IS a ! - < IS
02 M 0 5 49.0 Y1 F 1 5 43.0
02 M 0 18 37.5 Y1 F 1 25 42.5
02 M 0 25 35.5 Y1l F 1 58 47.5
02 M 0 50 32.0 Y4 M 1 1 53.5
03 F 0 15 36.0 Y4 M 1 50.0
O3 F 0 53 27.0 Y4 M 1 55 26.0
O4 M 0 8 39.5 Y8 F 1 1 51.0
O4 M 0 23 33.5 Y8 F 1 21 39.0
O4 M 0 55 26.0 Y14 F 1 1 49.0
o8 F 0 53 34.5 Y15 M 1 1 43.0
014 F 0 1 43.5 Y15 M 1 11 46.5
014 F 0 14 43.0 Y16 F 1 47 35.0
015 M 0 2 46.0 Y18 M 1 1 45.0
015 M 0 8 30.0 Y18 M 1 7 38.0
015 M 0 14 30.5 Y18 M 1 14 43.5
015 M 0 51 28.8 Y18 M 1 46 35.5
016 F 0 1 49.0 Y20 M 1 44 38.0
016 F 0 7 47.0
016 F 0 13 36.5
018 M 0 7 43.0
018 M 0 14 34.5
018 M 0 47 30.0
020 M 0 9 46.0
020 M 0 44 32.5
024 = 0 2 59.5 * Treatment O=infected pups; 1=pups treated with

ivermectin (200 pg/kg; Ivomec® injection for

024 E 0 38 34.5 cattle, sheep and pig, 10g/L ivermectin, Merial

New Zealand Ltd). Pups were injected three times

(at 2 days, 7 days and 1 month of age).
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APPENDIX 6.4

Unopette© procedure for WBC and platelet counts

Principle

Analysis conducted with the Unopette© system (Becidickinson and Co, NJ, USA)
allows obtaining WBC and platelet counts.

Materials
Plastic container with screw cap, containing 0.4l76hysis solution; solution: acetic acid
3%; capillary pipette 28.

Method

- Puncture the diaphragm in the neck of the resemwith the tip of the capillary pipette.
Fill in the capillary pipette with blood. When bldoeaches the end of the capillary bore in
the neck of the pipette, filling stops automatigalVipe any blood off the outside of the tube.

- With one hand, gently squeeze the reservoir toef@ome air out and maintain pressure
on the reservoir. With the other hand, cover thpenppening of the capillary overflow
chamber with the index finger and seat the capilbapette holder in the reservoir neck.

- Release pressure on the reservoir and remove firiger from the overflow chamber
opening. Suction will draw the blood into the ditaén the reservoir.

- Squeeze the reservoir gently two or three tinoesnise the capillary tube without letting
the diluent out.

- Remove the pipette from the reservoir. Invert difidthe capillary pipette by gentle
pressure on the reservoir. Load the counting chamwibihe haematocytometer (Glasstic©)
by gently squeezing the reservoir while touching tip of the pipette against the edge of
the coverglass on the counting chamber.

- Place the loaded haematocytometer on the micpesasllow 10 minutes for the cells to
settle.

- Count the WBCs in all 9 fields, each one dividet 9 smaller squares. Count of all the
cells within each square, including cells touchihg lines inside the squaf@o not count
any cells that touch the lines outside a squard4ultiply the count by 100 to obtain the

number of WBCs pel.
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APPENDIX 6.5
SOP for preparation of blood smears and

May-Griinwald Giemsa stain

Preparation of blood smears:

- apply a drop of blood on a clean , dry and dust-fiiass microscope slide

- spread the blood over the slide using the smoadhoéanother glass microscope slide as
spreader. There should be a 45° angle betweemtbetls edge of the spreader and the
smear slide. Spreading has to be done in a sirgbéd move to ensure a homogenous
smear

- allow the blood smear to dry at ambient air.

Staining and dehydrating solutions
May-Grunwald: stock 0.3% May-Grinwald solution, diluted 1:1 hviphosphate buffer
(pH= 7.0);Giemsa: stock Giemsa solution, diluted 1:9 in phosphatiéenjpH=7.0);50/50

buffer/acetone; xylene.

May-Grunwald Giemsa (MGG) method:

- Air dry slides

- Fix in 100% ethanol for 2-3 minutes at room temphe®

- Stain for 15 minutes in May-Grunwald stain freskljuted with an equal volume of

buffered distilled water, pH=7.0

- Stain for 10 minutes in Giemsa stain freshly diflwgth buffered distilled water, pH=7.0

- Wash in running tap-water and then leave for 3-Autds in buffered distilled water,

pH=7.0

- Rinse in 50/50 buffer/acetone

- Dehydrate in acetone

- Clear in xylene

- Allow to dry and mount with a coverslip, using DRXutral mounting resin.

Luna LG.1993. Histopathologic methods and colasatf special stains and tissue artifacts.
American Histolabs Publication Departme@githersburg, MD, 767pp.
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APPENDIX 6.6
WBC differential counts in NZSL pups (2003/2004)

3 g 9
’U; g’ T~ 2 % E % L % %‘ %‘ g\ g
. © =0 TS c g = Q. o] o Q >

< e 287 £ ES % 2 5 38 gf ¢

S 3 % &5% 3 83 & & E EE FE &

o n < 4= zZ wnZz m ] J o ounId a2 =
042 | M| 32 . 0 77 0 7 4 12
043 | F | 36 1472 (13) 0 72 0 0 20 13 7 8
Y15 F | 36 1437 (11) 1 72 0 0 21 16 5 6
016 | F | 36| 138Zunkn) | O 74 0 0 22 13 9 4
041 | M | 37| 141%unkn) | O 70 0 2 20 17 3 8
038 | F | 38 (unkn.) 0 64 0 2 33 . . 1
Y8 M | 39 | 1493unkn) | 1 58 0 0 36| 31 5 5
Y7 F | 39| 1498unkn) | O 76 0 0 22 16 6 2
039 | M| 39| 1388unkn) | O 65 0 3 24 19 5 8
Y2 M | 41 1438 (11) 1 69 0 1 21 13 & 8
031 | F | 41 1461 (12) 0 42 0 1 55 48 7 2
O34 | M| 41| 147Qunkn) | 1 74 0 3 19 10 9 4
036 | M | 42| 1404unkn) | O 55 0 6 34 . . 5
026 | M| 43 1419 (13) 1 63 0 1 29 15 14 6
029 | F | 44 1485 (14) 3 49 0 4 40 31 2) 4
023 | F | 44 1433 (14) 0 73 0 1 22 20 2 4
Y21 | M | 44 1462 (15) 0 63 0 0 3¢ 27 q 1
018 | F | 46 1456 (11) 0 52 0 3 40 30 10 5
Oo17| F | 47 1398 (12) 0 57 0 1 25 . 4
020 | M | 47| 1484unkn) | O 60 0 8 27 20 7 5
Y14 | M | 47 1424 (13) 0 64 0 0 34 16 18 2
Y20 | M | 47 (unkn.) 0 72 0 0 20 13 7 8
Y13 F | 48 1499 (17) 0 73 0 0 23 15 8 4
Y17 F | 48 1398 (12) 0 50 0 0 47 21 26 3
Y12 | M | 48 1381 (14) 0 48 0 4 47 37 10 1
Y10 | F | 48 1439 (10) 0 57 0 2 36 20 16 5
09 M | 49 1400 (11) 0 59 0 9 24 . ) 8
010 | F | 49 (unkn.) 0 50 0 0 47| 21 26 3
Y9 M | 49 (unkn.) 0 74 0 2 16 9 7 8
Y8 M | 50 | 1493(unkn.) | 1 69 0 0 28 16 12 2
Y7 F | 50 1498 (11) 0 72 0 2 19 11 8 7
05 F | 51 1492 (12) 1 68 0 4 25 17 3 2
05 M | 52 1492 (12) 0 51 0 1€ 29 . 4
Y5 F | 52 1492 (12) 0 69 0 1 28 16 12 2
Y3 F | 52 1385 (12) 0 69 0 1 23 13 10 7
03 F | 53 1385 (12) 0 64 0 1 22 4
02 M | 53 1438 (11) 0 64 0 11 22 . 3
Y2 M | 53 1438 (11) 1 63 0 1 2¢ 15 14 6
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APPENDIX 6.5 (cont.)
WBC differential counts in NZSL pups (2004/2005)

) 0 9
2 o5. 2282 2 E 3 7 £ 8
. @ c=9 S £ E 9o o o g >
= © 587 TS ESE g 2 & 38 g5 ¢
S 3 § 2E% 3 23 & 2 E EE PE &
a o < 3808 zZzwnz a Wo I ol > =
Y1 | F | 25| 1499018 | o] 83| o d 20 14 6 7
Y1l F 58 1499(18) 0 32 0 0 59 36 3 9
02 M 5 1473(13) 0 62 0 2 14 7 7 22
02 M 18 1473(13) 0 60 0 0 24 14 1C 16
02 M | 25 1473(13) 0 62 0 0 30 13 17 7
02 M | 50 1473(13) 0 50 0 1 43 32 11 6
03 F 15 1456(14) 2 63 0 ( 22 12 10 11
03 F 53 1456(14) 1 56 0 C 35 16 19 8
04 M 8 1369unkn.) 0 60 0 4 24 10 14 172
04 M | 23 1369unkn.) 0 56 0 0| 29 13 16 15
04 M | 55 1369unkn.) 0 56 0 0| 34 26 8 10
Y4 M 1 1399(unkn.) 0 38 0 0 27 2 25 35
Y4 M 8 1399(unkn.) 0 53 0 1 32 10 22 14
Y4 M | 20 1399unkn.) 2 30 0 0| 66 13 53 2
Y4 M | 55 1399unkn.) 0 69 0 0| 29 15 14 2
Y8 F 1 119 (5) 0 84 0 0 5 1 4 11
Y8 F 21 119 (5) 0 68 0 0 17 7 10 15
08 F 53 87(5) 2 70 0 0 2 10 10 3
o12| F| 1 1411 (11) | o 65 O 0 18 6 8 8
012 F 20 B0448 (6) 2 55 0 ( 29 13 16 14
013 F 2 B0448 (6) 0 52 0 Z 6 1 6 40
Y13 F 2 B0179 (6) 0 59 0 1 16 8 8 24
014 F 1 1441 (12) 0 73 0 K 12 3 9 12
014 F 14 1441 (12) 0 65 C 1 18 1( 8 16
Y14 F 1 1419 (14) 0 64 0 (0 16 4 12 20
Y14 F 13 1419 (14) 0 65 0 C 19 9 10 16
015 | M 2 1488 (13) 0 47 0 6 22 4 18 25
015 | M| 14 1488 (13) 0 52 0 C 33 2C 13 15
015 | M| 51 1488 (13) 0 57 0 C 34 16 15 9
Y15 | M 1 1453(unkn.) 0 48 0 0| 24 14 10 25
Y15 | M | 11 1453(unkn.) 0 58 0 0 21 7 14 21
Y15 | M 19 1453unkn.) 0 63 0 0 33 12 21 5
016 F 1 1404unkn.) 0 71 0 0 13 7 6 16
016 F 7 1404unkn.) 0 65 0 0 27 22 5 8
016 F 13 1404unkn.) 0 58 0 1 27 13 14 14
Y16 F 47 1364 (14) 3 55 0 C 32 16 13 10
Y18 | M 1 1452 (14) 0 49 0 3 28 10 18 23
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APPENDIX 7.1

Biochemical reactions for the most common Enterobderiaceae

Q
©
.g .
o
5 5 5 2 &
2 8 2 g S
) ] o = ®
& = © 3 =
@ =) = [}
Q = Ko (2] c
o [} 5 > o
g 5 8 L £
c %) Q o ©
w T} X o ]
Indole production - +
Methyl red - + ) +
Voges-Proskauer (VP) + - + - -
Citrate + - + ) +
Urease -/d - + + .
Phenylalanine deaminase - - - + -
Hydrogen sulphide - - - + +
Lysine decarboxylase +/- +) + - +
Ornithine decarboxylase + D - - +
Motility (36°C) + +) - + +
Gelatin liquefaction - - i, + -
Growth in KCN broth + - + + -
ONPG (beta-galactosidase) + " + ; +-
Dulcitol ¢) D d i} +-
Inositol +/- - i ) n
Lactose + + + - -
Maltose + + + + +
Acid Mannitol + + + . +
from: Mannose + + + . +
Rhamnose + +) + . +
Sorbitol + + + - +
Sucrose + D + + -
Xylose + + + + +
Mucoid colonies +/- ) + - -

+: 90-100% strains positivg(+): 76-89% positive d: 26-89% positive (-): 11-25% positive # : 0-10%
positive.

From: Quinn PJ, Carter ME, Markey BK, Carter GR (1994)
Clinical Veterinary Microbiology. Ed. Wolfe (Engldh 648 pp.
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APPENDIX 7. 2
Biochemical properties and composition

of MacConkey and XLD agars

MacConkey agar

Fermentable sugatactose.

pH indicator. neutral red (pale straw at pH 8 and pink at p#J.6.

Inhibitors: bile salts and crystal violet (anti-Gram-posithacteria).

Reactionsif the bacterium can ferment the lactose, aametabolic products are produced
and the medium and colonies are pink (lactose-feteng If the organism is unable to
utilise the lactose, then it attacks the peptoiteogen source) in the medium with resulting
alkaline metabolic products and the medium andriefoare pale straw-coloured (non-

lactose-fermenter).

XLD (xylose-lysine-deoxycholate) medium

Fermentable sugardactose, sucrose and xylose.

pH indicator. phenol red (red at pH 8.2 and yellow at pH 6.4).

Other substratedysine and chemicals for detecting hydrogen sdipliH,S) production.
Inhibitor: bile salts (sodium deoxycholate).

Reactions salmonellae will first ferment the xylose cregtia temporary acid reaction but
this is reversed by the subsequent decarboxyladiborysine with alkaline metabolic
products. Superimposed on the red (alkaline) cekns the production of hydrogen
sulphide, so most salmonellae have red coloniels aiblack centreEdwardsiella tarda
also gives this reaction although theSHproduction is less marked and the periphery ®f th
colonies tends to be a yellowish-red colour. Thegdaamount of acid produced by
enterobacteria that can ferment either lactoseiorose, or both, prevents the reversion to
alkaline conditions even if the bacterium is ablelécarboxylate the lysine.

In: Quinn PJ, Carter ME, Markey BK, Carter GR (19&jical Veterinary Microbiology. Ed. Wolfe
(England), 648 pp.
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Fig. 1Klebsiella pneumoniaen MacConkey agar
is characterised by pink or cream mucoid colonies.

Fig. 2. Escherichia colon XLD agar shows typical
small white colonies with a yellow (acid) backgrdun
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APPENDIX 7. 3
Antimicrobial sensitivity testing for Klebsiella pneumoniae
isolates from NZSL pups.

SOP for disk diffusion method on Mueller-Hinton aga.

Principle
Bacterial isolates are grown on a plate in the gares of disks containing antimicrobial
agents. The zone of inhibition of bacterial growttound the disk indicates the level of

sensitivity of the bacteria to this particular amtrobial agent.

Materials
2% Blood Agar plates; saline solution; Mueller-HintAgar plates (Global Science, Pierce,
Rockford, IL); Antibiotic disks (BioRad, HerculeGA).

Methods
- Culture frozen samples of isolates on 2% Bloo@Agates
- After a 24 hour-incubation period, dissolve omdoay from each sample in normal
saline solution and apply on three layers on Mudilimton agar
- Simultaneously apply antibiotic disks on the afgareach isolate and incubate plates
for 24 hours
- Use concordance charts between diameters ofifitmtand susceptibility breakpoints
provided by the manufacturer (BioRad, Hercules, G4)interpret diameters of

inhibited zones.

Antimicrobial agents tested with the disk diffusion method: Enrofloxacin (5ug): ENR 5 /
Cefalexin (30ug): CL 30; Cefotaxime (fug): CTX 5; Ampicillin (10 pg): AMP 10;
Gentamicin (10pug): CN 10; Tetracycline (3Qug): TE 30; Penicillin (2ug): P2;
Amoxycillin + Clavulanic Acid (20ug/10 ug): AMC 30; Trimethoprim Sulfamethoxazole
(1.25n0/23.75uQ): SXT 25.
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APPENDIX 7. 3 (cont.)
Disk diffusion method on Mueller-Hinton agar:

Results (1)
Origin of isolates:
2000/2001
SL243:Pup / tissue: liver / phenotypiétebsiella oxytoca
2001/2002

SL73, 80, 95, 100, 102, 104, 108, 111, 112, Pago / tissue: lymph nodes (cephalic or thoracic
region) / phenotypelebsiella pneumoniae

2002/2003:

SL 147, 150, 171, 177, 180, 183, 191, 2Bup / tissue: lymph nodes (cephalic or thoracic
region);SL 218 Pup/ tissue: swab carpal joint / phenotygliebsiella pneumoniae.

Samples ENR5 CL30 SXT25 CTX5 AMP10 CN10 TE30 AMC30 P2

SL243 28 21 24 27 9 20 25 23 0
SL73 30 22 27 31 0 19 14 15 0
SL80 30 22 27 31 9 21 16 17 0
SL95 28 21 24 27 0 20 12 13 0

SL100 30 21 26 29 0 19 8 12 0

SL102 29 22 25 27 0 19 13 14 0

SL104 28 22 27 30 16 20 14 16 0

SL108 24 22 27 29 0 18 14 16 O

SL111 29 22 29 32 10 20 13 16 0

SL112 29 23 27 31 11 21 15 17 0

SL126 22 20 24 26 9 20 14 16 0

SL106 27 19 24 26 0 16 12 22 0

SL147 26 20 23 25 0 18 13 14 0

SL150 27 22 25 27 9 20 15 24 0

SL171 26 20 26 27 0 18 11 23 0

SL177 26 20 24 25 0 19 13 14 0

SL180 29 20 27 28 0 18 12 21 0

SL183 27 21 23 26 0 18 13 24 0

SL191 26 20 23 27 0 19 13 23

SL201 27 22 23 26 0 19 12 23

SL218 28 20 25 28 0 19 14 23
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APPENDIX 7. 3 (cont.)
Disk diffusion method on Mueller-Hinton agar:
Results (2)

Concordance charts:

Antimicrobial ENR5 CL30 SXT25 CTX5 AMP10 CN10 TE30AMC30 P2

Susceptible >23 >18 >16 >18 >17 >15 >19 >18 >17*

Intermediate 17-22 15-17 11-15  15-17 14-16  13-14-185 14-17 14-16*

Resistant <16 <14 <10 <14 <13 <12 <14 <13 <13*

*human reference values

These ranges of reference for antimicrobial sudaiéipt are valid for Enterobacteriacae

isolated in dogs. Disk diffusion testing was noedidiere to determine the antimic
susceptibility but to investigate the similaritidsetween isolates.K.oxytoca a

robial
nd

K.pneumoniaasolates of humans and adult NZSL were tested thighsame method for

comparison.

Years phenotype ENRS5 CL30 SXT25 CTX5 AMP10 CN10 TE30 AMC30 P2

2000/ K.oxytoca Y

2001 1) S S S S R S S S R

2001/ K.pneumoniae 28,71,

2002 (12) 11S,1 12S 12S 12S 11 R 12S I, 11 R 3R 12 R

2002/ K.pneumoniae

2003 (10) 10S 10S 10S 10S 10R 10S 21,8R 8S,21 R10

K.pneumoniae

2003 (1) Adult male S S S S | S S | R

2003 ~ K.oxytoca s s s R s R s R
(1) Human

2004 f-pneumoniae o, g 4s 4s 4R 4S 3S,R 4S 4R
(4) Human

*Susceptible (S), Intermediate (), Resistant (R)
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APPENDIX 7. 4
Antimicrobial sensitivity testing for Klebsiella pneumoniae

isolates from NZSL pups.

SOP for determination of Minimal Inhibitory Concentration (MIC)
This protocol is largely as described in Martin Usitbeko’s Masterate thesis (IVABS, Massey
University, 2004) entitled “MIC of selected antimabial agents against mastitis causing
Staphylococcus aureus isolates from dairy cowsaw Mealand in 2002”.
Principle
MIC is the lowest concentration of an antimicrolifet will inhibit the visible growth of a

micro-organism after overnight incubation.

Materials and Reagents

- Disposable micro-dilution tray and disposableciiam reservoirs (Nunc Microwell Nunclon®);
electric pipettor and pipette tips (Pipetman Ulti@®son, France); multi-channelled inoculator.

- Mueller Hinton broth (Mueller-Hinton broth with92 sodium chloride for oxacillin and Cation-

adjusted Mueller-Hinton broth for tetracycline teg); stock solution.

Method

1.Preparation of micro-dilution trays with an antimicrobial

- Take an antimicrobial stock solution vial froneth7OC freezer and place on bench to thaw to
room temperature.

- Unpack sterile disposable micro-dilution tray atisiposable inoculum reservoir trays. Label the
inoculum reservoirs (columns) “A” to “H".

- Using electric pipettor, dispense the sterile NeweHinton broth onto inoculum reservoir tray “A”
so that the total amount is 20 ml after additiostotk solution.

- Using the electric pipettor, add the complemagntariume of aliquot of thawed stock solution to
inoculum reservoir tray “A”. Discard the tip intésthfectant.

- Use the electric pipettor fixed with a sterilesgthsable pipette tip, mix solution well by
withdrawing and releasing the solution 5 to 6 times

- Transfer 10 ml of solution from tray “A” to tra¥8” using the electric pipettor. Discard the pimett
tip, load a new disposable pipette tip and mix cghly.
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- Transfer 10 ml of solution from tray “B” to trd{C”. Discard the pipette, fix a new tip, mix
thoroughly and continue the dilutions by repeating procedure up to tray “H”, being certain to
change pipettes between trays to prevent carryobentibiotic on the external surface of the
pipette.

- Using adjustable multi-channelled inoculator (GMBdwinter, IVABS, Palmerston North) loaded
with sterile disposable tips, transfer 0.05 mi(gpof solution of tray “A”, in wells from row “Al”
to row “Al11”. Row “Al12" is filled with 0.5 ml of Meller-Hinton broth (Mueller-Hinton broth with

2% NacCl for oxacillin and CAMHB for tetracycline)ithout antimicrobial agent.

2. Bacterial inoculum preparation by direct colonysuspension method

- Using a sterile cotton swab, pick 4 to 5 isolatetbnies from an overnight nutrient agar culture
and transfer to a tube containing 5 ml of stengtilted water or 0.9% saline. Mix well by vortex.

- Directly adjust turbidity visually by adding eéhsterile distilled water (or 0.9% saline) or more
colonies as required to equivalent that of a 0.9-dMand standard. This is achieved using good
light by visually comparing the appearance of bléioks through the inoculum and McFarland
standard suspensiondldte: Turbidity adjusted to this standard contains apnaxely 1 - 2 x 18
CFU/ml.)

- Dispense 9.9 mis of sterile Mueller-Hinton braitation-adjusted Mueller-Hinton broth for
tetracycline or Mueller-Hinton broth with 2% sodiuchloride for oxacillin testing) to a sterile
inoculum reservoir tray using a broth dispenser.

- Add 0.1 ml of the adjusted inoculum using theuatfible micro-pipettor fixed with a sterile tip.

Mix well by gently tilting the inoculum reservoiiigh five to six times to and froNpte: This is

1:100 dilution ratio and this type of inoculum cainis approximately 1-2 x ﬁ(I:FU/mI.)

3. Bacterial inoculation in the micro-dilution trays

- Using the adjustable multi-channelled inoculateithdraw 0.05 ml (50ul) volume of inoculum
suspension in the reservoir dish. Check that themwe in the tips is correct, uniform and without
air bubbles.

- Carefully dispense the inoculum into the antimimal solution in column 1 of the micro-dilution
tray. Mix the inoculum and the antimicrobial sobutiwell by sucking up and down 4-5 times

before discarding the tips in disinfectaMNofe: This results to a concentration of approximateky 5

10° CFU/ml or 5 x 18 CFU/well.)
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- Record the inoculated micro-dilution tray andiase number on the MIC recording sheet. Repeat
for the other isolates from column 2 up to colunin 1

- In column 12, add 0.05 ml of plain Mueller-Hint¢oation-adjusted Mueller-Hinton broth for
tetracycline and Mueller-Hinton with 2% sodium afdie for oxacillin testing) and is recorded as
sterility control column.

antimicrobial microdilutions— >

A B C D E F G H
Al
bacterial [--]
isnlates All
Al2

4. Quality Control Scheme for broth micro-dilution MIC determination

Quality control strains

- Use a quality control straigtaphylococcus auredsT CC 29213.

- Maintain bacterial isolates at <KD in glycerol broth with 15% glycerol.

- Culture all isolates on blood agar followed bybswlture on nutrient agar prior to MIC
determination.

- Make sure that quality control strain MIC resudt® within the NCCLS quality control ranges
specified for the respective antimicrobial agent.

- Record MIC results for QC strain on Antimicrob&lsceptibility Quality Control Test Record.

Other quality controls

- Include sterility control wells (wells without aculum and antimicrobial agent) on each micro-
dilution tray as row 12.

- Prepare inoculum count verification plates fromodulum reservoir dish immediately after
inoculating the micro-dilution trays.

- Prepare purity control plates from the same ihgoureservoir dish as for the inoculum count
verification.

- Prepare sterility control plates from broth i throth dispenser immediately after the last igolat

of each batch.
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Required quality control results

- Check that MICs for quality control strain arethim the NCCLS quality control range specified
for the respective antimicrobial agent.

- Check that sterility control wells are free ofyagrowth.

- Check that inoculum count verification plates @approximately 100 colonies.

- Check that purity control plates show a good ek growth.

- Check that sterility control plates show no beaategrowth.

5. Verification of a correct inoculum size

- Using the adjustable micro-pipettor fixed witterdie tip, transfer 0.01 ml aliquot from the
inoculum reservoir to 10 ml of 0.9% sterile salomntained in metal-capped tube immediately after
inoculation.

- Discard the tip in disinfectant and mix well bgrtex.

- Fix another sterile tip to the adjustable micrpgttor and transfer 0.1 ml aliquot onto the swefac
of blood agar. Discard the tip in disinfectant.

- Using a bent glass rod dipped in alcohol, paslsezligh the Bunsen burner flame and waited to
cool, spread the inoculum over the entire surfddbeoblood agar plate evenly.

- Incubate at 37°C for 24 hrs and count the coknie

6. Preparation of the purity plate

- The purity plate is prepared from the same isola$ the inoculum count verification plate
immediately after inoculation.

- Using the adjustable micro-pipettor fixed witkerde tip, inoculate the blood agar surface with
0.01 ml aliquot from the inoculum reservoir dish.

- Using a sterile non-toxic cotton swab, spreadtibeulum on the plate

7. Preparation of the sterility plate
- Dispense a few drops of Mueller-Hinton broth fréine broth dispenser onto the surface of the
blood agar immediately after the last isolate efbatch.

- Using a sterile non-toxic cotton swab, spreadrtbeulum on the plate
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APPENDIX 7.5
SOP for testing of the production
of Extended Spectrum Beta-Lactamase (ESBL)

Principle
Enterobacteria may acquire some resistance vianplas Bacteria involved in nosocomial
outbreaks are ESBL producing.

Method

- Follow the NCCLS procedures were followgldCCLS Volume 22, pg 69 Table 9A:
Screening and Confirmatory Tests for ESBLS)

- Use two Quality Control Organisms from the Refiees Culture Collection (ESR, Porirua,
Wellington, New Zealand)Escherichia coli(916, ATCC 25922) - negative control and
Klebsiella pneumoniaé3681, ATCC 700603) - positive control with protion of Beta-
lactamases.

- Inoculate the Mueller-Hinton agar plates witrawh of bacterial suspension.

- Apply the antimicrobial disks within 15min andhiee the plates in the incubator overnight
(COy,, at 37°C).

- Record the diameter of the zone of inhibition.

Results
Quality Controls (QC):

-E.coli <=2mm in both antimicrobials and the limit increasvith Clavulanic acid
-K.pneumoniae>=5mm in the Ceftazidime-Clavulanic acid and >=n3nn the
Cefotaxime- Clavulanic acid.

Sample Ceftazidime Ceftaz|d|me/ . Cefotaxime Cefotaxw_ne/ .
Clavulanic acid Clavulanic acid
SL71 30mm 30mm 33mm 33mm
SL90 31lmm 31lmm 34mm 34mm
SL113 30mm 30mm 32mm 32mm
SL151 30mm 30mm 32mm 32mm
SL156 30mm 31lmm 32mm 32mm
SL185 30mm 30mm 32mm 32mm
E.coliQC 31mm 32mm 34mm 34mm
K.pneumonia&C 14mm 24mm 21mm 27mm

I nterpretation of results:

A >= 5mm increase in a zone diameter for eitheinantobial between antimicrobials
alone and combined with Clavulanic acid meant E®Btduction.Conclusion none of
the samples tested produced ESBLs.
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APPENDIX 7. 6
SOP for XBal macrorestriction-PFGE DNA analysis of

Klebsiella pneumoniae isolates from NZSLs

Principle
PFGE is a molecular typing techniqgue commonly ugedetermine the relatedness of a
group of bacterial isolates by digesting chromodddiNA with a restricting enzyme.

Reagents

Brain-Heart Infusion (BHI) broth; PETT IV buffer;dw Melt agarose; EDTA solution;

Sodium lauroyl sarcosine; NEBuffer (colour-coded NEBuffer for restriction enzyme to

provide 100% activity; New England Biolabs Ltd, UKBSA (Bovine Serum Albumine)

buffer; Proteinase K; sterile MQ water (steriletidlssd water); TBE (Tris Borate EDTA)

buffer (commonly used in all DNA electrophoretigéipations to obtain a better resolution
of small DNA fragments); restriction buffeXBa enzyme; Ethidium Bromide solution.

Method
Day 1: PLUG PREPARATION
- Grow overnight on Blood Agar (BA) plates and testvthe growth into BHI broth and

grow overnight.

- Measure the optical denstity (OD) of the brotisAnm and take appropriate amt of cells
to get an OD of 1.4 in an eppendorf tube.

- Centrifuge at 13000rpm for 5minutes

- Remove supernatant and resuspend cells iplX&@old PETT IV buffer.

- Centrifuge for 5 minutes at 13000rpm.

- Remove supernatant and resuspend pelletwth&PETT IV buffer.

- Prepare 1% Low Melt Agaroses follows:

Add 4ml of PETT IV buffer to 40mg of Low Melt agardieat in a boiling
waterbath until the agarose has dissolved. Allowarage to cool.

- Add 10Qul of molten agarose to the cell suspension andteipg and down to mix.

- Dispense 100 of cells/agarose suspension into plug moulds.
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- Cool plugs on ice for an hour.

- Prepare Lysis buffeas follows:

OBMEDTA .., 20ml of 0.5M per 20fi@rb
1% Sodium lauroyl sarcosine ............ 200mg per Doiffer
0.5mg Proteinase K .............cooienis 10mg per 20ihalrbuf

- Buffer can be stored at —20°C.
- Place plugs into 1ml of Lysis buffer in Eppendiutbes.

- Incubate overnight at 36.

Day 2 PLUG WASHING
- Transfer the plugs into plastic universals comtey 10ml TE buffer each.

- Place universals on ice and incubate for 1 lmouthe rocking machine.
- Drain TE buffer off and replace with anotherriDof TE buffer.

- Place universals on ice and incubate on roaket hour.

- Repeat wash step another 3 times.

- Store plugs in 1ml TE buffer at@.

Day 3 RESTRICTION DIGEST
- Prepare restriction bufféKbal)

For each plug add the following and mix:
1244 of restriction buffer (10X NEBuffer 2)
1044 10X BSA
78u sterile MO wate

- Flame a glass slide which has been dipped imeti{80%).
- Carefully remove the plug from the eppendorf tabd place onto the glass slide. Slice
off one third of the plug, using a flamed scalpel.
- Place plug slice into 1Q0 of restriction buffer and equilibrate on ice ##5 minutes.
- Place the remaining two-thirds of the plug intol TE in an eppendorf and store 4C4
until required.
- Prepare _cutting buffeas follows:
For each plug add the following and mix:
1044 of Restriction buffer (10X NEBuffer 2)
1044 10X BSA

30 Units Xbal (1.5 of 20U/d)
78.94 of sterile MQ water 574



- Remove restriction buffer and replace with 106f cutting buffer and equilibrate on ice
for 45 minutes.

- Incubate plugs at 3T for 12-24 hours.

Day 4 GEL RUNNING
- Prepare 1% PFC Agarose as follows:

Prepare 80ml agarose for standard mold and 140mfide/long mold.
e.g. for 80ml mold
0.8g agarose
80ml 0.5X TBE buffer
Heat for around 3 minutes in microwave until aga@s dissolved. Place agarose at
about 50C to cool for 5 minutes.

- Prepare gel mold and comb.

- Pour into gel mold, popping any bubbles that capat the corners.

- Allow gel to solidify for 1 hour and then cardfutemove the comb.

- Pre-electrophorese the gel at 6V/Cm, 5-5 secl.hours, Angle 1200C

- Remove the gel from the chamber and pipetteg¢h®ming buffer out of the wells.

- Tip plugs out of eppendorf tubes onto flamed gksl&les, then slide plugs into wells.
Push plugs to the bottom front of the well usirigackey stick’ (load marker plugs also).
- Fill wells with molten 1% agarose and allow sedti

- Place gel in electrophoresis chamber and runeatailowing conditions:

6V/Cm

Angle 1200C

20 hour

Initial switch= 5 second
Final switch= 55 secon

Day 5 STAINING AND PHOTOGRAPHING GEL

CAUTION ! Ethidium bromide (EB) is carcinogenic
WEAR GLOVES!
- Remove gel from chamber and slip it off the blatdte into EB solution (jug/ml).
- Stain gel for 10 minutes.
- Transfer gel to a plastic container containing Mg&ter and rinse briefly.
- Photograph gel on GelDoc®© 2000.
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APPENDIX 7. 6 (cont.)

kb no. sample
: 1 lambda ladder
388.0- : 2 Kpn CONTROL
- ' 3 Kpn adult female 2004/2005
2425 s b ‘.;; E 4 Kpn adult female 2004/2005
a - .‘: . 5 Kpn pup 2004/2005
1455 : Y 6  Kpn pup 2004/2005
& : ~ 7 Kpn adult female 2004/2005
- » 8 Kpn pup 2004/2005
97.0- - 9 low range ladder
- 10  Kox pup 2004/2005
48.5- Ed 11  Kpn pup 2004/2005

12 KpnYearling 2004/2008
13  Koxpup 2004/2005

A, B: isolatesih the same animal 14 Kpn pup 2004/2005
15  KpnYearling 2004/2008

16  Kpnpup 2001/2002
17 lambda ladder
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APPENDIX 9. 1

SOP for obtaining five grams of inactivated
Klebsiella pneumoniae

Principle

In order to useKlebsiella pneumoniaantigens in the serological test, it is necessary t
obtain a large quantity of pure antigens. Its ivation by heat reduces health risks
associated with the pathogen.

Materials

Nutrient Broth preparation: 1/ Dissolve 5 gramspeptone in 850ml distilled water; 2/
Dissolve 3 grams of meat extract in the previodstem; 3/ Adjust to pH=7.0; 4/ Bring to
1L with distilled water; 5/ Autoclave.

Method

- Spread the suspension Kf pneumoniaeontained in a frozen vial on MacConkey agar
plates using a sterile cotton swab and streakdheta obtain single colonies. Incubate the
plate at 37°C overnight.

- Inoculate two colonies into 10 ml of Nutrient Broand incubate for 5h at 37°C in a
shaking water bath (gentlé)he culture should be saturated with a cell densitgbout 1-2
x 1079 cells/mL. This can be checked with O.B0&nm (0.1 O.D. = ~10"8 cells/mL).

- Add the broth culture to a larger volume of brdthlution of 1:10 to 1:25) in an
Erlenmeyer flask (size about 5x volume of cultutejal volume of 100ml in 250ml flasks
and total volume of 250ml in 500ml flasks.

- Incubate the flask at 37 °C with vigorous agitat{about 250 rpm) overnigth.

- Centrifuge the broth to pellet the bacterial €¢0min at 10, 000 rpm)

- Wash the cells twice in distilled water: spinrthdown and re-suspend in distilled water.
Weigh the pellet.

- Heat inactivation: Suspend the pellet in 10 Bonll of distilled water. Autoclave the
bacteria for about 15 min at 121°C in the suspengiter autoclaving, spin down again
(5minutes at 3,000rpm). Freeze the pellet.

Note": when autoclaving, screw the lid on but leavedsely on the vial.

Note”: bacteria are now heat-killed: therefore theyrareconsidered as infectious material anymore
and can be sent by courier to another site foryaigal
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Principle

APPENDIX 9. 2

SOP for reaction of various sera from New Zealand

Marine Mammals with conjugates in Immunoblots

Serum samples from a range of sea mammal speeesrain a Western blot (WB) test in
order to determine if the chosen conjugate (profei@-alkaline phosphatase) will react
with at least NZSL IgGs.

Reagents

10x Tris/Glycine/SDS (1L) (BioRad); High-Range Raov Molecular Weight Markers
250ul (Amersham/GE Healthcare Bio-Sciences); LaarSarnple Buffer (30ml) (BioRad)
with Mercapto-Ethiolate (ME); Prep Well gels 45@BioRad); Immunopure Protein A/G,
Alkaline Phosphatase Conjugated 0.5mg (Pierce GlSbeence); Rabbit an#debsiella

(Jomar Diagnostics); NBT/BCIP Ready-to-use-tablBische Diagnostics).

Method

Step 1 Preparation of serum samples
- Prepare “50ul” of each sample: 2.5ul of serunppraximately 50 ul of Laemmli sample

buffer.

- “Rainbow” molecular markers: prepare 15ul of nearknix by adding 3ul of Rainbow
marker to 12plof Sample Buffer + MercaptoEthanoE(M
- Put the 15 vials on heating platform at 95°CIforminutes. Spin down for 5 minutes.
- Duration of operations: 20minutes

lane | Sample Species dilution | volume
1 | Rainbow markers - 1/5 5ul
2 | Cetacean serum-WS00-14Kb Pigmy Sperm whagle 1/20 Opl 1
3 | Cetacean serum-WS00-33Dd Common dolphir 1/20 1Qul
4 | Pinniped serum-SS00-48HI Leopard seal 1/2D 10l
5 | Pinniped serum-SS00-49Af NZ fur seal 1/20 10l
6 | Cetacean serum-WS00-36Cm Maui's dolphin 1/20 10ul
7 | Cetacean serum-WB01-3Ch Hector’'s dolphin 1/20 110
8 | Cetacean serum-WS03-13Mg Beaked whale 1/20 10ul
9 | Cetacean serum-WS02-43Gm Pilot whale 1/2D 10l
10 | Pinniped serum-Ross seal (Or) Ross seal 1/20 [ 10u
11 | Cetacean serum SB03-02Ml toothed Beaked Whalel/20 10ul
12 | Pinniped serum-SB03-05Ph NZ sea lion 1/20 10pl
13 | Dog serum (IDC, Wallaceville Canis 1/20 10ul
14 | Sheep serum(IDC,Wallaceville) ovine 1/20 10l
15 | Cow serum(IDC,Wallaceville) bovine 1/20 10l
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Step 2 Preparation of Buffer and gels

- Running Buffer:100ml of 10x Tris/Glycine/SDS Buffer (“for SDS PAGEFill up to 1l
with unsterile ELIX water (non ionized). Shake thaghly to mix. Keep in the fridge.
Prepare 500ml of running buffer.

-Pour 250ml of Running Buffer into the electrophsisechamber.

- Place the cooling core with the clamp assemldieseady-gels attached into the buffer
chamber. The inside of the cooling core is the updpgfer chamber; the outside is the
lower buffer chamber. Hold the electrophoresis skdjhtly at an angle and tap it gently to
remove air bubbles from the lower end of the gels.

- Remove the comb(s) by pulling them out straightvards. Level up the inner buffer
chamber with running buffer but do not let it ovew.

- Duration of operations: 5minutes

Step 3 Loading the samples

- Load the appropriate volume of sample onto tHeagd into the running buffer by using a
pipette. The sample will flow downwards becausestmple buffer contains glycerol and
is heavier than the running buffer.

- For volumes 50l and larger, slowly move the pipette tip over teole gel length about
1-2mm above the gel surface while delivering thenda at the same time. The sample
should be evenly distributed over the whole gegten

- Duration of operations: 30minutes

Step 4 Running the gels
- Set at 200V (80mA) for 40 minutes.

Step 5 Removing the gels

Gel 1. Coomassie staining
- Cut the upper gel off. Pour Coomassie stain anel#i@e gel in the staining container on
the rocking platform for 30 minutes.
- 2 washes with destaining solution, on the rockitagferm for 10 minutes each time.
- Pour acetic acid 7% onto the gel to finalize dieétg process. Leave for >10 minutes.
- Duration of operations (Gel 1): 60 minutes
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Gel 2: transfer to lmmobilon membrane
- TBS Buffer: already prepared. BioRad (10x) TBS 1l
- Transfer Buffer: 100ml of 10x Tris/Glycine Buffe200ml Methanol+ELIX water up to
1m. Shake it thoroughly, then open to release pres&eep in the fridge.
- Blocking in TBS-3%MP (Milk Powder) (without azigePrepare 20ml of blocking
solution by mixing 1.5g of milk powder with 50ml| dfBS. Leave the membrane into
blocking solution for 60 minutes on rocking platfar
- Wash: 3x 10minutes with TBS-0.05%Tween-20.
- Conjugate: Immunopure Protein A/G, Alkaline Phusjase Conjugated. 1:5000. 2ul of
conjugate for 10ml of TBS-3%MP.
- Wash: 3x 10minutes with TBS-0.05%Tween-20.
- Substrate: Incubate membranes with 10ml of satestsolution (dissolve 1 tablet of
NBT/BCIP in 10ml of Elix water with magnetic stirje
- Stop: Incubate membrane in two changes of ELIXewat room temperature for 10
minutes on the rocking platform, setting 3.5. Aly dhembranes and make a copy (fading).
- Duration of operations (Gel 2): 220 minutes

Results
kDa
ty ot #4
200 4

Cc c C

c D c NZSL d s

Fig. 1. Immunoblot of New Zealand marine mammal immunoglivts
reacting with the conjugate Protein A/P* (). MM: molecular marker; c:
cetacean serum; p: pinniped serum (other than NeamlaAd sea lion); NZSL:
New Zealand sea lion serum; d: dog serum: s: she®jm; co: cow serum.
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APPENDIX 9. 3

SOP for Immunoblot reaction of Klebsiella spp. antigens
(Klebsiella oxytoca and Klebsiella pneumoniae)
with NZSL antibodies

Principle

To investigate the presence of circulating &débsiellaantibodies in NZSLs, a serological
test assay was developed based on Western Blatimy antigen fronKlebsiella spp.
cultured from NZSL pups that died from bacteriafestion during theKlebsiella
pneumoniaepidemics.

Materials and Reagents

- 10x Tris/Glycine/SDS (1L) (BioRad)

- High-Range Rainbow Molecular Weight Markers 250inersham/GE Healthcare Bio-
Sciences)

- Laemmli Sample Buffer (30ml) (BioRad) with Merc¢agEthiolate (ME)

- Prep Well gels 450ul (BioRad)

- Immunopure Protein A/G, Alkaline Phosphatase Ccatiedy 0.5mg (Pierce Global
Science)

- Rabbit antiKlebsiella(Jomar Diagnostics)

- NBT/BCIP Ready-to-use-tablets (Roche Diagnostics)

Method

Day 1, Step 1 Preparation of antigens

- Samples are already prepared (4.5m| of SampléeBUEDS/ME)+ 0.5ml of bacterial
solution, cf APPENDIX 9.2), heated at 95°C for 20uates and spun down at 10,000rpm
for 15minutes. 10ul of each sample will be loaddte samples are run in duplicates.

- Rainbow markers: prepare 6ul at 1/3 (2ul of Rawmlmarker+4ul of sample Buffer+ME)
and 3ul of sample buffer/ME at 1:1.

- Heat the antigen vials at room temperature bdjereg used.

-Duration of operations: 10 minutes

lane | Sample Species dilution | volume
1

2 Rainbow marker&:1 1:1 3ul

3 73-1 Klebsiella pneumoniae 1:1 10ul
4 73-2 Klebsiella pneumoniae 1:1 10pl
5 220-1 Klebsiella pneumoniae 1:1 10ul
6 220-2 Klebsiella pneumoniae 1:1 10pl
7 243 ox-1 Klebsiella oxytoca 1:1 10ul
8 243 ox-2 Klebsiella oxytoca 1:1 10pl
9 Rainbow markers 1:3 6l
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Day 1, Step 2 Preparation of Buffer and gels

- Running Buffer:100ml of 10x Tris/Glycine/SDS Buffer (“for SDS PAGEFill up to 1l
with unsterile ELIX water (non ionized). Shake thaghly to mix. Keep in the fridge.
Prepare 500ml of running buffer.

-Pour 250ml of Running Buffer into the electrophsisechamber.

- Place the cooling core with the clamp assemldieseady-gels attached into the buffer
chamber. The inside of the cooling core is the ugdpgfer chamber; the outside is the
lower buffer chamber. Hold the electrophoresis skdjhtly at an angle and tap it gently to
remove air bubbles from the lower end of the gels.

- Remove the comb(s) by pulling them out straightvards. Level up the inner buffer
chamber with running buffer but do not let it ovew.

- Duration of operations: 5minutes

Day 1, Step 3 Loading the samples

- Load the appropriate volume of sample onto tHeagd into the running buffer by using a
pipette. The sample will flow downwards becausestmple buffer contains glycerol and
is heavier than the running buffer.

- For volumes 50l and larger, slowly move the pipette tip over tieole gel length about
1-2mm above the gel surface while delivering thenda at the same time. The sample
should be evenly distributed over the whole gegten

- Duration of operations: 20minutes

Day 1, Step 4 Running the gels
- Set at 200V (80mA) for 40 minutes.

Day 1, Step 5 Removing the gels

Day 1, Step 6 Transfer onto Immobilon membranes

- TBS Buffer: already prepared. BioRad (10x) TBS 1l

- Transfer Buffer: 100ml of 10x Tris/Glycine Buffe200ml Methanol+ELIX water up to

1m. Shake thoroughly, then open to release pressasp in the fridge.

- Place the membranes into Transfer Buffer.

- Dip the 2 membranes into methanol then into feanisuffer; dip the 4 filter papers into
transfer buffer. Place the filter papers onto teenisdry blotter platform (get rid of air

bubbles with a roll), then the two membranes (geusle a roll to avoid air trapped), then
the gels, and finally the last layer of filter papeock the cover of the blotter. Apply 15V
for 30 minutes.

- Pour transfer buffer into boxes to re-moist meanies!

- Duration of operations: 40 minutes

Day 1, Step 7 Blocking

- Block in TBS-3%MP (Milk Powder) (without azidePrepare 50ml of blocking solution
by mixing 1.5g of milk powder with 50ml of TBS. Lea the membrane into blocking
solution OVERNIGHT on rocking platform.

- Duration of operations: 10minutes+overnight
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Day 2, Step 1 Incubation with Rabbit Antibodies

- Wash: TBS-0.05%Tween-20. Once for 10 minutesogking platform.

- Prepare Antibodies solutions in 15ml red top Bft-tubes: A (1:1000) 10ul of Ab with
10ml of freshly prepared TBS-MP3%/ B (1:2000) 5ubb Avith 10ml TBS-MP3%/ C
(1:4000) 2.5ul Ab with 10ml TBS-MP3%/ D (1:80002%u! Ab with 10ml TBS-MP3%.

- Heat in 37C incubator for 5Sminutes maximum. Verte

- Pour the TBS-Tween off the boxes. Cut the mendsanto halves and place them into
the 4 boxes A, B, C and D.

- Pour the Antibodies solutions in their respectos.

- Incubate at RT for 60 minutes (between 18 and)28C

- Wash: TBS-0.05%Tween-20 three times for 10 misetch.

-Duration of operations: 80minutes

Day 2, Step 2 Reaction with Conjugate

- Conjugate: Immunopure Protein A/G, Alkaline Phuejase Conjugated. 1:5000. 2ul of
conjugate for 10ml of TB-Tween.

- Leave for 60 minutes at RT.

- Wash: 3x 10minutes with TBS-0.05%Tween-20.

-Duration of operations: 95 minutes

Day 2, Step 3 Reaction with Substrate

- Substrate: Incubate membranes with 10ml of satesgolution (dissolve 1 tablet of
NBT/BCIP in 10ml of Elix water with magnetic stirje

- Stop: Incubate membrane in two changes of ELIXewat room temperature for 10
minutes on the rocking platform, setting 3.5. Ay dhembranes and make a copy (fading).
- Duration of operations: 15 minutes

MWM  Antigen 1 Antigen 2 Antigen 3 AG1 AG2 AG3
MW
(kDa)
97 —
66 —
45 —
30 — #h
= : C
20 — :
PK - - + - + - + + + +
f———————— Coomassie Staining : Silver Staining——

Fig. 1. Analysis of variouslebsiellaantigen preparations in polyacrylamide gels, by a
combination of proteinase K (pK) digestion and @agsie- and silver-staining.
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APPENDIX 9.4
Electrophoretic immunoblotting-
Detection of antiKlebsiella antibodies
in NZSL sera

Principle, Materials and Reagentssee APPENDIX 9.3

Methods

Day 1, Step 1 Preparation of antigens

- rainbow markers: prepare twice 6ul at 1/3 (2ul airfRow marker+4pl of sample Buffer+ME).

- supernatant of the antigeK.pneumoniaénad been incubated with 40ul of ProteinaseK a€56°
for 1 hour)

- gel: 4-15% Tris-HCI 2D/Prep Comb (BioRad, Newalznd)

- Duration of operations: 10 minutes

Wells #  Solution dilution volume
1 Rainbow markers 1:3 1:3 6ul
2 Antigen supernatant (pK digested) - 100ul

Day 1, Step 2 Preparation of Buffer and gels

- Running Buffer100ml of 10x Tris/Glycine/SDS Buffer (“for SDS PAGEFill up to 1 litre with
unsterile ELIX water (non ionized). Shake thoroygiol mix. Keep refrigerated.

- Pour 250ml into the electrophoresis chamber.

- Place the cooling core with the clamp assemlligsady-gels attached into the buffer chamber.

- Hold the electrophoresis cell slightly at an &nghd tap it gently to remove air bubbles from the
lower end of the gels.

- Remove the comb(s) by pulling them out straighwards. Level up the inner buffer chamber with
running buffer but do not let it overflow.

- Duration of operations: 10 minutes

Day 1, Step 3 Loading the samples

- Load the appropriate volume of sample onto tHeagd into the running buffer by using a pipette
(the sample will flow downwards because the sarbpliéer contains glycerol and is heavier than
the running buffer).

- Slowly move the pipette tip over the whole geidth about 1-2mm above the gel surface while
delivering the sample at the same time.

Note: For this particular gel, the comb for theigen takes the whole width of the gel (with a small
comb for the markers). The sample should be edistyibuted over the whole gel length.

- Duration of operations: 5 minutes
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Day 1, Step 4 Running the gel
- 200V (80mA) for 40 minutes.

Day 1, Step 5 Removing the gels

Day 1, Step 6 Transfer

- TBS Buffer (10xTBS 1litre).

- Transfer Buffer: 100ml of 10x Tris/Glycine Buffer200ml Methanol+ELIX water up to 1 litre.
Shake thoroughly then open to release pressurg Kedegerated.

- Dip the Immobilon© membrane into methanol theto imansfer buffer.

- Dip the 2 filter papers into transfer buffer. ¢d&he filter paper onto the semi dry blotter patf
(get rid of air bubbles with a roll), then the meante (gently use a roll to avoid air trapped). €lac
the gel on top of the membrane, and finally thelmger of filter paper.

- Lock the cover of the blotter.

- Apply 15V for 30 minutes.

- Pour transfer buffer into boxes to re-moist megmier.

-Duration of operations: 35 minutes

Day 1, Step 7 Blocking

- Blocking solution: prepare 50ml of blocking solutiby mixing 1.5g of milk powder with 45ml
of ELIX water and 5ml of {TBS+Merthiolate 1/10§0

- Block in TBS-3%MP (Milk Powder) (without azide).

- Leave the membrane into blocking solution OVERNIG&iTrocking platform.

- Duration of operations: 10 minutes + overnight

Day 2, Step 1 Preparation of standards

Lane | sample Dilution

5 Control + Antisera 1:5 000

6 Control + Antisera 1:20 000

7 Control + Antisera 1:80 000

8 Control - New Zealand sea lion pup #£00/01-5Ph 1:200

Day 2, Step 2 Assembling the miniblot cassette system

The membrane is now divided into single lanes bygishe Immunetics® Cassette Miniblot
System. Refer to the Immunetics Cassette Miniblgst&n Instructions for more detailed
information on this system.

- Turn the cassette over and with forceps takentmbrane out of the incubation tray and let the
blocking solution trip off. Align the membrane pisaly against the channels (according to the
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pencil markings), with the antigen bearing faceh®f membrane facing the channels. Make sure
that the membrane covers the full length of ea@mohl in the cassette.

- Turn the Miniblot C-shell front plate face downdainsert the cassette with the membrane on its
back into the recessed back of the front plate. diitey ports of the cassette fit into the horizbnta
slots of the C-shell.

- Place the cushion over the membrane, and ensuré ttevers the entire channel pattern on the
cassette.

- Set the back plate of the C-shell on the inveftedt plate with the cassette and membrane, go tha
the alignment pins fall into place. Turn the ent@eshell over and insert both screws, tightening
gently and equally as far as they will turn by hadd not tighten excessively!

- Aspirate excess liquid from the channels throtighnumbered entry ports by using a disposable
pipette tip, which is connected to a water vaculspirator. To avoid excessive drying of the
membrane, channels should be loaded directly difiestep.

- Duration of operations: 10 minutes

Day 2, Step 3 Loading of samples and incubation

- The channels are numbered.

- Dilute the sera in TBS-MP. Dilution 1:200 (1mictodi of serum into 200l of TBS-MP)

Introduce 5@l of diluted serum through the entry port with gegdie, using standard disposable
plastic pipette tips. Press the pipette tip striasyhd firmly into each entry port and inject liquid
smoothly and rapidly until the channel is fillechéfe are 28 channels per cassette.

Start filling from channel 5 to leave enough spémethe molecular markers on the left of the
membrane. All unused channels and the channelsingwhe molecular weight standards are filled
with TBS-MP.

- Incubate the cassette on the rocking platformb-&t tilts per minute for 2 hours at room
temperature.

- Wash once with 100ml of TBS-Tween per membrane thiehMiniwash© manifold. To aspirate
all samples simultaneously, connect one side ofrtheifold to the water jet vacuum source and the
other side to a bottle containing TBS-Tween.

- Remove the membrane from the MINIBLOT C-Shell araskvit twice in 20ml TBS-Tween in a
tray for 10 minutes on the rocking platform at Xbtis per min. (setting 3%%).

- Duration of operations: 140 minutes

Day 2, Step 4 Detection system: reaction with conjugate-substte

- Incubate the membrane in a tray in 10ml of appade conjugate solution, diluted in TBS-MP at
the appropriate dilution. Incubate by agitatingaorocking platform at 15-30 tilts per min. (setting
3% for Immunetics Rocker) for 30 min. at room tenapere.

- Discard the conjugate solution.
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- Wash the membrane 3 times with 20ml TBS-Tweerilfimin. on the rocking platform at 15-30
tilts per min. (setting 3%%).
- Duration of operations: 65 minutes

Day 2, Step 5 Incubation with substrate

- Incubate the membrane in a tray with 10ml of tnalbs (NBT/BCIP) solution for 3 min. (or
according to individual protocols) on the rockirgtfiorm at 15-30 tilts per min. (setting 3Y2) at
room temperature.

- Then discard the substrate.

- Wash three times with 20ml ELIX water for 10 mim the rocking platform.

- Transfer the membrane onto a plastic board antde-dry. Some background staining may
appear during the substrate reaction parallel thithspecific staining but disappears usually during
drying, while the specific staining remains.

- Duration of operations: 3 minutes

Note: Hazard: NBT/BCIP substrate is toxic and gagstarcinogenic. Wear gloves.

Step 6 Interpretation of test

Stained bands of individual sera on the immunohlat compared to the positive control serum.
Depending on the staining pattern, a sample isifled as negative, positive + score 1, ++ score 2,
+++score 3.

On the following pagefFig 1. Electrophoresis assemblingFig 2. Immunetics® Cassette
Miniblot; Fig 3. Rocking platform;Fig 4. Rinsing the membranes with TBS-Tween (bottle) gisin
the Miniwash© manifold. To aspirate all sampleswdtaneously, connect one side of the manifold
to the water jet vacuum source and the other sidelottle containing TBS-Tweehig 5. Stained
bands with the Rainbow molecular weight markersheneft.
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APPENDIX 9.5
SOP for Purification of Immunoglobulins from serum of NZSLs by

Ammonium Sulphate (AS) precipitation

Principle:
Immunoglobulins will precipitate out of serum aband 50% saturated AS, while most
other proteins will stay in solution (at 25C, ausated AS solution is 4.1M).

Materials

- Bovine Gamma globulin (BGG) 2mg/ml (Biorad)

- Coomassie Stain solution (1L bottle) (BioRad)

- Destain Solution, Coomassie R-250 (1L bottlepf@ad)
- seeAPPENDICES 9.2, 9.3 and 9.4 for other reagents.

Method

- Centrifuge the serum at 4,400rpm for 15 minuted@ For 10ml of serum supernatant
add 3.1 g solid AS4(5ml so add 1.4g of AS)5microL of 10% merthiolate (1/1000) to
prevent micro-organisms from growing. Keep stirrat@tC for 1-4hours or overnight

Note: the solid AS (salt) should become completely digsd| while the IgGs appear as a
fluffy precipitate.

- Centrifuge the solution at 2000-4000g for 15-2@ at 4C

- Carefully remove the supernatant

- Drain the pellet by carefully inverting the tubeer a paper filter

- Dissolve the precipitate in 10-20% of the origimalume with TBS, with a spatula or
repeatedly drawing into wide-gaged Pasteur pipette

- Dialyse extensively (several buffer changes) @gjaiBS at 4C overnight

- Determine the protein amount (Bradford methodai@itly One © BioRad software) and
check purity by PAGE (Coomassie stain).

kDa - _
97 — m..*

66 =—
45 —

30 —
20 —

Fig. 1. Verification of the degree of purity of IgGs fraadult female
NZSLs by SDS-PAGE (Coomassie stain).
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APPENDIX 9.5 (cont.)

|. o

Ul U2 U3 U4 US

Fig.2a.
Index | Name Density Conc
(OD) mg/ml
1|ul 1188.18780 1.6
2|1 U2 1117.36815 0.8
3|U3 1036.72316 0.4
4|1 U4 967.54068 0.2
5| U5 935.01338 0.1
Fig.2b
IgG test #3.2

10

concentration (mg/ml)

g & 8§ 8§ § § 8

] ]

1150
1200
1250 -
1300

optic density (OD)

Fig.2c.

Fig.2. Determination of the total IgG concentrations inglZserum (Test 3.2) (Fig.2a) using
the Bradford method & Quantity One®© (BioRad) softevéiFig.2b). Optic densities (OD) are
plotted against known Ig concentrations. Ig conegiuns are graphically determined using
measured ODs (Fig.2c).
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APPENDIX 9.5 (cont.)

Fig. 3. Examples of IgGs from NZSL adult females and pups.
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