Infectious Disease
Series Editor: Vassil St. Georgiev

Jerome Goddard

' Infectious
" Diseases and
Arthropods

Third Edition

3y L h\
ER i ‘%\&‘ka\‘

My,
. & Humana Press



Infectious Disease

Series Editor

Vassil St. Georgiev
National Institute of Health Department Health & Human Services,
Bethesda, MD, USA



The Infectious Disease series provides the best resources in cutting-edge research
and technology.

More information about this series at http://www.springer.com/series/7646


http://www.springer.com/series/7646

Jerome Goddard

Infectious Diseases
and Arthropods

Third Edition

M

%« Humana Press



Jerome Goddard

Extension Professor of Medical Entomology
Mississippi State University

Mississippi State, MS, USA

Infectious Disease
ISBN 978-3-319-75873-2 ISBN 978-3-319-75874-9  (eBook)
https://doi.org/10.1007/978-3-319-75874-9

Library of Congress Control Number: 2018936128

© Springer International Publishing AG, part of Springer Nature 2018

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology
now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.

The publisher, the authors and the editors are safe to assume that the advice and information in this book
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the
editors give a warranty, express or implied, with respect to the material contained herein or for any errors
or omissions that may have been made. The publisher remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Printed on acid-free paper
This Humana Press imprint is published by the registered company Springer International Publishing AG

part of Springer Nature.
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland


https://doi.org/10.1007/978-3-319-75874-9

For Rosella, my inspiration



Preface

Infectious diseases aren’t conquered. In fact, a good argument can be made that they
are gaining ground in their long struggle with humankind. The ability of microbes
to adapt to host immune responses and intense pressure from antibiotic use, com-
bined with societal changes, has contributed to a resurgence of many infectious
diseases. In addition, there are several “new” or emerging diseases, including Lyme
disease, some forms of ehrlichiosis, Heartland and Powassan tick viruses, SARS,
MERS, bird flu, Zika virus, Chikungunya, and Ebola hemorrhagic fever. In just the
last 30 years or so we have seen the appearance of a virulent strain of avian influenza
that attacks humans, a human variant of “mad cow” disease, and all manner of mul-
tiple drug-resistant bacteria such as Staphylococcus aureus. These new or emerging
infectious diseases have raised considerable concern about the possibility of wide-
spread and possibly devastating disease epidemics among human populations.

Many infectious diseases are vector-borne, i.e., carried from one host or place to
another by an arthropod vector. It could be argued that at least some of the recent
increase in vector-borne disease is the result of increased recognition and reporting.
Specific disease and vector recognition is certainly made easier by newer technolo-
gies such as the polymerase chain reaction (PCR) and barcoding technologies.
However, societal changes such as population increases, international travel, eco-
logical and environmental changes, and especially suburbanization (building homes
in tracts of forested lands) are contributing to an increase in the incidence of many
of these vector-borne diseases.

In light of this vector-borne disease increase, information about these arthropod
entities — their distributions, hosts, reservoirs, and vectors — is much needed. Thus,
this third edition of Infectious Diseases and Arthropods is intended to provide physi-
cians, as well as entomologists and other interested parties, with a reference on the
biological and entomological aspects of infectious diseases. The primary approach
has been to present readily accessible information on the major vector-borne dis-
eases, with an emphasis on the relevant biology and ecology of each one. Since I am
writing as an entomologist, the text obviously leans heavily to the organismal side of
each disease, with, in some cases, less emphasis on clinical aspects. No effort has
been made to present an in-depth review of each disease; instead, there is a middle-
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of-the road consensus of current thought on each subject. It is the author’s hope that
Infectious Diseases and Arthropods, Third Edition, will prove a useful adjunct to the
larger clinical texts employed by infectious disease specialists, public health and
travel medicine physicians, epidemiologists, and others with duties encompassing
vector-borne diseases. Treatments are mentioned (but without specific dosages) for
the various diseases, but are only intended as general guidelines. They are in no way
intended to be the sole, specific treatment for any particular patient. Physicians
should consult clinical texts or drug package inserts for the most current
recommendations.

Mississippi State University, MS, USA Jerome Goddard
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Chapter 1
Arthropods and Health

1.1 Classification of Arthropods

The phylum Arthropoda includes insects, spiders, mites, ticks, scorpions,
centipedes, millipedes, crabs, shrimp, lobsters, sow bugs (roly-polies), and other
related organisms. Arthropods are characterized by segmented bodies; paired,
jointed appendages (e.g., legs and antennae); an exoskeleton; and bilateral sym-
metry (Fig. 1.1) [1]. Arthropods display an amazing diversity and abundance. They
make up more than 85% of all known animal species [2]. Arthropods are found on
every continent, and a square meter of vegetation is literally teeming with them.
For brevity, four classes of arthropods will be discussed in this chapter—insects,
arachnids, centipedes, and millipedes. Table 1.1 discusses some key characteris-
tics of these major arthropod groups.

1.1.1 Insects

Like other arthropods, insects possess a segmented body and jointed appendages.
Beyond that, however, there is much variation: long legs or short legs; four wings,
two wings, or no wings; biting mouthparts or sucking mouthparts; and soft bodies,
hard bodies, etc. Despite the diversity, adult specimens can be recognized as insects
by having three pairs of walking legs and three body regions: a head, a thorax (bear-
ing legs and wings if present), and an abdomen. No other arthropods have wings.
Although most adult insects have wings, several medically important species are
wingless (e.g., lice, fleas, bed bugs).

Insects have different forms of development. In those with gradual metamorpho-
sis (grasshoppers, lice, true bugs), the immatures are called nymphs and are struc-
turally similar to the adults, increase in size at each molt, and develop wings (if
present) during later molts (Fig. 1.2). In groups with complete metamorphosis

© Springer International Publishing AG, part of Springer Nature 2018 3
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Fig. 1.1 (a) Generalized insect drawing with parts labeled; (b) several different insect types.
(From US Department HEW [CDC] pictorial keys)

(e.g., beetles, flies, bees and wasps, moths and butterflies, and fleas), the immature
stages are called larvae and pupae and look nothing like the adult (Fig. 1.3). Often,
larvae are wormlike and are frequently called “worms” by lay people (Fig. 1.4).
The three body regions are never as distinct as they are in adults, but generally three
pairs of short walking legs are evident. Fly larvae (maggots) lack walking legs, and
although some such as mosquitoes have three body regions, others (e.g., larvae of
houseflies and blowflies) do not have distinct body regions. Caterpillars and similar
larvae often appear to have legs on some abdominal segments. Close examination
of these abdominal “legs” (prolegs) reveals that they are unsegmented fleshy pro-
jections, with or without a series of small hooks (crochets) on the plantar surface,
and structurally quite unlike segmented walking legs on the first three body seg-
ments behind the head.

1.1.2 Spiders

Spiders have two body regions—an anterior cephalothorax and a posterior abdomen
connected by a waist-like pedicle (Fig. 1.5). The anterior portion consists of the
head with various numbers of simple eyes on the anterior dorsal surface and the
thorax with four pairs of walking legs. The mouthparts, called chelicerae, are hol-
low, sclerotized, and fang-like and are used to inject venom into prey. Located
between the chelicerae and the first pair of walking legs are a pair of short leglike
structures called pedipalpi, which are used to hold and manipulate prey. Pedipalpi
may be modified into copulatory organs in males. The spider abdomen is usually
unsegmented and displays spinnerets for web production at the posterior end.
Immatures look the same as adults, except smaller.
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Table 1.1 Key characteristics of some arthropod groups

Arthropod group Class Characteristics Remarks
Insects Insectaor  Six legs Mostly nonharmful (even helpful) to
Hexapoda humans; some species bite/sting or
transmit disease organisms
Three body regions
most with wings
Spiders Arachnida Eight legs Most able to bite, but with little or no
consequence
Two body regions: Brown recluse, widow spiders, hobo
Cephalothorax, spider may be dangerous in the United
abdomen States

Mites and ticks ~ Arachnida Eight legs (as adults) Ticks are essentially “large mites”

One globose or Ticks transmit many different disease
disk-shaped body agents to humans and may cause
region paralysis while feeding

No true heads,
mouthparts only
Scorpions Arachnida Eight legs Only one dangerous species in the
United States occurring in Arizona and
New Mexico
Centipedes Chilopoda One pair of legs per  Called “hundred-leggers”
body segment
Often dorsoventrally Painful bites but mostly harmless
flattened
Millipedes Diplopoda Two pairs of legs per Called “thousand-leggers”
body segment
Often cylindrical Defensive fluids may cause burns or
stains on the skin

Fig. 1.2 Head lice life cycle, example of a gradual metamorphosis. (From US, DHHS, CDC,
home study course 83-3297)
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Larva

Fig. 1.3 House fly life cycle—example of complete metamorphosis. (From USDA, ARS, Agri.
Hndbk. No. 655, Feb. 1991)

One note must be added about “daddy longlegs,” since most people erroneously
call them spiders. Harvestmen, or daddy longlegs (order Opiliones), have many char-
acteristics in common with true spiders; however, they differ in that the abdomen is
segmented and broadly joined to the cephalothorax (not petiolate). Most species have
extremely long, slender legs. Contrary to folklore, they are not venomous.

1.1.3 Mites and Ticks

These small arachnids appear to have only one body region (cephalothorax and
abdomen fused), the overall appearance being globose or disk-shaped (Fig. 1.6).
This general appearance quickly separates them from other arthropods. The body
may be segmented or unsegmented with eight walking legs present in adults. Larvae,
the first-stage immatures, have only six (rarely fewer) legs, but their fused cephalo-
thorax and abdomen readily separates them from insects. They attain the fourth pair
of legs at the first molt and thereafter are called nymphs until they become adults.
As for spiders, immature ticks and mites are generally similar in appearance to
adults. In general, ticks are considerably larger than mites. In fact, ticks are just
large mites. Adult ticks are generally about the size of a pea; mites are about the size
of a grain of sand (often smaller).

1.1.4 Scorpions

Scorpions are dorsoventrally flattened creatures with an anterior broad, flat area and
a posterior segmented “tail” with a terminal sting (Fig. 1.7). Although these outward
divisions do not correspond with actual lines of tagmatization, they do provide an
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Fig. 1.4 Various types of
insect larvae. (From US,
DHEW, PHS, CDC,
pictorial keys)

appearance sufficient to distinguish these arthropods from most others. Like
spiders, they have four pairs of legs, the mouthparts are chelicerae, and the first
elongate appendages are pedipalpi. Scorpion pedipalpi are modified into pinchers to
capture prey. Immatures are similar to adults in general body form.

1.1.5 Centipedes and Millipedes

Centipedes and millipedes bear little resemblance to the other arthropods previously
discussed. They have hardened wormlike bodies with distinct heads and multiple
pairs of walking legs (Figs. 1.8 and 1.9). Centipedes are swift-moving, predatory
organisms with one pair of long legs on each body segment behind the head.
Millipedes, on the other hand, are slow-moving omnivores or scavengers that have
two pairs of short legs on each body segment (after the first three segments, which
only have one pair each). Immatures are similar to the adults.
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Fig. 1.5 Various spiders:
top, tarantula; middle,
brown recluse; bottom,
black widow dorsal view
(not drawn to scale). (US,
DHEW, PHS, CDC,
pictorial keys)




1.2 Identification Methods for Arthropods 9

Fig. 1.6 Tick (a) and mite (b); not drawn to scale. (Tick photo courtesy Dr. Blake Layton,
Mississippi State University and mite photo courtesy the CDC)

Fig. 1.7 Typical scorpion. (Photo copyright 2008 by Jerome Goddard Ph.D.)

1.2 Identification Methods for Arthropods

1.2.1 Morphological Identification

The historical method for identifying arthropods is performed by examining various
structures (the morphology) on the specimens and making a classification based on
size, shape, or number of those characters. This process often involves using pub-
lished diagnostic keys wherein one follows a flowchart to arrive at the proper iden-
tification. Good-written keys include numerous high-quality photos or line drawings
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Fig. 1.8 Centipedes and
millipedes: (a) common
house centipede, (b) giant
centipede, (¢) common
millipede. (From US,
DHEW, PHS, CDC,
pictorial keys)
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Fig. 1.9 Centipede. (Photo
copyright 2016 by Jerome
Goddard, Ph.D.)

of the structures mentioned (sometimes line drawing is actually better at showing
detail than photographs). A written diagnostic key may look something like this:

1. Second antennal segment without a laterodorsal longitudinal seam .

Acalypteratae
1’ Second antennal segment with a complete laterodorsal longitudinal seam . . .

goto?2
2. Hypopleuron (Meron) usually without hairs or bristles . . . Anthomyiaria
2’ Hypopleuron (Meron) usually with hairs or bristles in one or more rows . . .

goto3
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On the other hand, a picture key may look something like the one presented in
Fig. 1.10.

Identification keys may continue on like this for hundreds of choices or couplets
comprising many pages. As is immediately obvious, keys can use complex

Body shape

A

Rounded -

Teardrop shaped
Amblyomma americanum

Capitulum

D

Long and Shorter and
slender triangular

Amblyomma maculatum Ixodes scapularis

Dermacentor variabilis Rhipicephalus sanguineus

Fig. 1.10 Sample of a key for identifying nymphal ticks. (Photo courtesy Drs. Trisha Dubie and
Bruce Noden, Oklahoma State University, used with permission)
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terminology that lay people are not familiar with, making identification difficult.
Well-written keys avoid jargon specific to any one group of arthropods and try to
stay clear of couplets with vague phrases such as “such and such structure is longer.”
If the person making the identification cannot see a specimen with the second option,
they cannot make a decision. How long is longer? Therefore, morphological charac-
teristics in a key should be quantitative whenever possible. Lastly, making a mor-
phological identification does not harm the specimen, so voucher specimens can be
deposited in a museum and kept for future examination if there is ever a question.

1.2.2 Molecular Identification

Molecular identification of arthropods involves looking at their genetic material by
grinding up the arthropod in question (or pieces thereof), running a polymerase chain
reaction (PCR) procedure to obtain DNA of portions of one or more key genes of that
specimen and then comparing those gene sequences with known (published) sequences
found in the National Center for Biotechnology Information, National Library of
Medicine, and “GenBank.” Searching GenBank can reveal what the sequences most
closely resemble. For example, if you did a PCR on an unidentified tick specimen using
published primers for identifying ticks and then submitted your sequence to GenBank,
you would get a result showing the closest matches. Your result may say “100% match
with Amblyomma americanum.” If so, then that is the precise identification. If your
result says “closest match is Amblyomma parvum, 86%,” then you can assume some-
thing went wrong with the analysis, or perhaps you have a specimen with no sequences
in GenBank, or maybe you have found a new species. To improve the accuracy of
molecular identifications, more than one gene should be used; the more the better.

In the last decade, there has been an effort to barcode all animal life using the
cytochrome c oxidase gene. Use of these DNA barcodes has supposedly been
validated [3], although not everyone agrees [4]. According to Will [4], people seeking
an immediate panacea of molecular identification of species will encounter all sorts
of constraints and inconsistencies in their work, most importantly, judgements about
species boundaries. This problem is discussed in a paper by Sperling [5], wherein he
discusses what DNA sequence or allozyme divergence number is the cutoff above
which populations can be considered separate species. Based on his data from Papilio
butterflies, Sperling says it is unreasonable to expect any kind of simple relationship
between percent sequence divergence and the maintenance of genetic integrity [5].

1.2.3 Pros and Cons of Morphological Versus Molecular
Identification

Some questions cannot be answered with a molecular analysis of an arthropod. The
best example is developmental stage; in morphological identification, one can almost
instantly determine the life stage of an arthropod. This determination is more difficult
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using molecular methods. Certain arthropods contain different concentrations of
mRNA at different time points in their development, in which case these genes can
be amplified by PCR and analyzed for concentration; however, this is often not the
case. If identification to developmental stage is required, morphological analysis is
the best method to use. If developmental stage is not a point of concern and identifi-
cation of species is the main concern, then maybe the more robust method is molecu-
lar analysis. However, genetic material is not always available, especially from
historic collections. Additionally, molecular analysis is expensive and time-consum-
ing; a laboratory needs access to DNA extraction Kits, reagents for amplification, a
thermal cycler to perform the amplification, access to sequencing capacity or electro-
phoresis, and the software required to analyze completed sequences. In addition to
the expense, a complex understanding of the organism’s genome is necessary to suc-
cessfully use molecular analysis. For example, many hard ticks are closely related
genetically, and some loci differentiate between species by only a few base pairs. If
the targeted region of the genome is not informative between related species, this
differentiation can be convoluted and inconclusive.

As mentioned, while molecular analysis can potentially provide clear distinction
between species, these analyses are limited to the availability of genetic data.
GenBank has a huge cache of genetic data with which to compare results, but there
is no review process to submit genetic data to GenBank. This has allowed for at least
a proportion of the data in GenBank to be not accurate, and how to determine what
is and is not accurate is not simple. Studies have shown that up to 30% of the data
publicly available in GenBank contains errors. If a BLAST search reveals numerous
identical results from multiple sources, then chances are good the identification is
correct; however, if only a few results are produced, confidence in the identification
should be low. Another major point to consider when using molecular sequencing
for species identification is that origin of all genetic data in GenBank is, in fact,
morphological. Because GenBank is an open forum for submission, whoever sub-
mits the first sequence for an arthropod species designates it based on his own mor-
phological identification. If the arthropod was misidentified, the data associated
with it is incorrect. This can become a serious issue, as corrections may rarely be
made if an original submission to GenBank was misidentified. No submissions to
GenBank ever require publication, so submissions are thereby immune from peer
review. Therefore, a misidentification could potentially persist unnoticed or uncor-
rected for decades.

Both morphological and molecular identification techniques have benefits and
disadvantages, but a prudent decision to use one or the other must be made based on
the available equipment, knowledge, and resources. In addition, the purpose of the
identification must be considered; if the determination of developmental stage is
required, or if physical characteristics or general fitness are a point of concern, mor-
phological analysis will provide the best information. However, if a robust identifi-
cation or secondary verification of a species is needed, molecular analysis will work
well. Ideal situations employ both methods together and provide the most data; in
this way, one can consider both physical characteristics and genetic information in
tandem to make the most accurate determination. In either case, if identification
seems to be an anomaly, further analysis is necessary.



