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Learning outcomes

Trace mosquito-to-human transmission and identify the lymphatic and blood stages.

Explain how parasite products, Wolbachia, and host immunity contribute to disease.

Recognize lymphatic, cutaneous, genital, and pulmonary morphologic patterns.

Interpret clinicopathologic cases without conflating circulating microfilariae with chronic tissue
damage.



A nematode infection of the lymphatic system

: o : TWO LINKED COMPARTMENTS
Mosquito-borne filarial nematodes reside as

adults in host lymphatics.

Adult worm = lymphatic channel

e The adult parasite is anatomically associated with 1
lymphatic injury.

Microfilaria = bloodstream

e Microfilariae released by adult worms enter the
circulation.

e Clinical consequences reflect both parasite effects
and host immune responses.



Three named etiologic nematodes

Agent Source-described significance

Wouchereria bancrofti Accounts for approximately 90% of cases in the source.
Brugia malayi One of two Brugia species causing lymphatic filariasis.
Brugia timori The other Brugia species named by Robbins.

W. Bancrofti predominance is a textbook estimate, not a newly derived surveillance statistic.



Endemic settings and disease burden

Endemic regions described include parts of Latin America, sub-Saharan Africa, and Southeast
Asia.

Approximately 50 million infections worldwide in its account.

Mass drug administration has markedly reduced case numbers in some nations.

Geographic exposure helps contextualize—but does not itself establish—the diagnosis.



Four clinicopathologic presentations

Asymptomatic microfilaremia

Circulating parasite stage without a
symptomatic phenotype.

Chronic lymphatic disease

Persistent swelling; Genital disease or
elephantiasis.

Recurrent lymphadenitis

Episodic lymph-node inflammation.

Tropical pulmonary eosinophilia

Pulmonary hypersensitivity associated with
microfilariae.



Why a single infection causes distinct phenotypes

) . DISEASE EXPRESSION
Infection can remain silent or become

inflammatory and obstructive.
Parasite location

e Parasitic stages occupy different anatomic 1
compartments.

Host immune response

e Host T-cell responses may differ between patients. 1

Duration / tissue response
e Chronic duration allows progressive tissue

remodeling.



The life cycle is vector-dependent

Mosquito Adults mature in Adult worms Mosquito acquires
: Larvae enter host . : .
introduces > . > lymphatic > release > circulating
. . tissues . .
infective larvae channels microfilariae microfilariae

Schematic sequence: Human and mosquito stages are connected by a blood meal.



Infective larvae enter during mosquito feeding

o : . . ENTRY -> RESIDENCE
The mosquito introduces infective larvae into

human tissue during a blood meal.

Mosquito blood meal

e This is the initiating human exposure event in the 1
Robbins account.

Tissue entry

e Larvae later develop into adults within lymphatic
channels. 1

Lymphatic maturation
e Mosquito transmission, rather than direct human

contact, sustains the cycle.



Adult worms reside in lymphatic channels

OBSERVATIONS

e Mature male and female worms
occupy lymphatic structures.

e Adult parasite location explains
the anatomic focus of chronic
injury.

, _ e Adult worms may later be live,
Qe el 7 el orme dead, or calcified in tissue.

Schematic of an adult filarial worm within a lymphatic channel; Not a histologic specimen.



Adult mating produces circulating microfilariae

Male and female T Blood-stage parasites
. Females release Microfilariae enter .
adults mate in - . 0 - -  become available to
. microfilariae blood .
lymphatics mosquitoes

Adult residence and microfilarial circulation are distinct biologic phases.



Mosquito uptake completes the transmission loop

: . . I . : VECTOR LINK
Mosquitoes ingest microfilariae while feeding on

infected humans.
Human blood microfilariae

e The bloodstream is the interface between human 1
infection and vector uptake.

Mosquito blood meal

e Microfilaria production links adult infection to onward
transmission. 1

Subsequent transmission
e |n the source, infection may be asymptomatic despite

microfilaremia.



Human and mosquito stages must not be conflated

Human host Mosquito vector

Infective larvae are introduced

i . Acquires microfilariae during a blood meal.
into tissue.

Adult worms mature within

. Enables transmission to another human.
lymphatics.

Adult reproduction produces

. . A necessary step in the transmission cycle.
blood microfilariae. b U2 y

Compartment assignments follow the Robbins life-cycle description.



Anatomic compartment predicts the lesion

Compartment Parasite or response Principal consequence

Adult worms + local

L hati
ymphatics inflammation

Lymphatic damage; Obstruction; Edema

Bloodstream Microfilariae Microfilaremia; Vector acquisition

Lung Host response to microfilariae  Pulmonary eosinophilia; Granulomatous foci

Clinical findings are not interchangeable simply because the same infection underlies them.



Lymphatics normally clear interstitial fluid

Fluid leaves N Excess fluid enters N Lymphatic vessels N Balanced tissue fluid
microvasculature interstitium remove fluid volume

Context Chapter 4: Lymphatic drainage limits interstitial edema.



Obstructed drainage causes lymphedema

Adult worms + injury N Obstructive fibrosis / N Reduced interstitial N Persistent regional
in lymphatics impaired flow fluid clearance lymphedema

Robbins Chapter 4 explicitly cites filarial lymphatic obstruction as a cause of elephantiasis.



Lymphatic injury has two interacting causes

Direct parasite effect Host-mediated effect

: e Th1l responses can surround adults with
Adult worms occupy lymphatic channels. P

granulomas.
Worm-associated injury alters vessel e |Inflammation contributes to lymphatic
integrity. destruction.
Persistent infection provides an anatomic e Fibrotic remodeling makes swelling
nidus. persistent.

Chronic injury to adults and host immune response.



From infection to irreversible-looking tissue change

Lymphatic N Inflammation / N Persistent fluid N Subcutaneous N Epidermal
residence vessel injury accumulation fibrosis hyperkeratosis

This mechanistic synthesis links Chapter 8 morphology with Chapter 4 lymphatic obstruction.



Parasite molecules facilitate tissue invasion

- . PROPOSED ROLE
Elastases and trypsin-like proteases as potential

invasion factors.
Filarial proteases

e These are enzyme classes capable of facilitating entry 1
through host tissues.

Host tissue interaction

e Their proposed action is part of parasite—host
interaction. 1

Facilitated invasion

e These as molecules that may contribute to invasion.



Antioxidant glycoproteins may defend the parasite

. .. FUNCTIONAL LOGIC
Some surface glycoproteins have antioxidant

function.
Host oxidant challenge

e Reactive oxygen species are one arm of host 1
antimicrobial defense.

Parasite antioxidant surface

e A parasite-associated antioxidant effect may limit
oxidative damage. 1

Reduced oxidant exposure
e The source treats this as a candidate survival

mechanism, not a quantified effect.



Cystatin homologues impair antigen processing

Parasite cystatin N Cysteine protease N Impaired MHC class Il N Potential attenuation
homologues inhibition antigen processing of host responses

Mechanistic potential as stated by Robbins; Schematic does not imply complete antigen-presentation shutdown.



Serpins interfere with neutrophil proteases

I . e CANDIDATE INTERACTION
Filarial serine protease inhibitors are termed

serpins.
Filarial serpin
e The source identifies neutrophil proteases as targets. 1
Neutrophil protease inhibition
e Inhibition can modify inflammatory effector activity. 1

Changed inflammatory milieu
e This complements other candidate immune-evasion

strategies.



Host-molecule homologues may dampen immunity

Filarial homologue Robbins interpretation

TGF-B-like molecules A possible host-mimicry route to immune dampening.

Macrophage migration inhibitory

. A second cited example of host-molecule mimicry.
factor-like molecules

Do not equate sequence homology with a fully validated in vivo signaling mechanism.



Immune evasion is multipronged

Tissue entry

Elastases and trypsin-like proteases

Protease-based regulation

Cystatin homologues; Serpins

Oxidative resistance

Antioxidant surface glycoproteins

Immune mimicry

TGF-B and migration inhibitory factor
homologues



Wolbachia are filarial bacterial endosymbionts

Symbiotic Wolbachia bacteria infect lymphatic DEPENDENCY

filarial nematodes.
Filarial nematode

e Robbins implicates these bacteria in disease 1
pathogenesis.

Wolbachia symbiont

e The association is biologically important for
nematode viability. 1

Parasite development /

e Filarial pathology therefore involves both a helminth reproduction

and its symbiont.



Nematode reproduction depends on Wolbachia

Wolbachia present in N Supports nematode _, Supports reproduction N Maintains capacity to
filarial worms development / fertility generate new stages

The text identifies Wolbachia as required for development and reproduction.



Anti-Wolbachia therapy illustrates a vulnerability

Antibiotic eliminates N Symbiont-dependent N Nematode survival N Nematode fertility
Wolbachia processes disrupted impaired impaired

Mechanistic principle only; The Robbins excerpt does not specify regimens, doses, or treatment algorithms.



Host T-cell variation shapes the phenotype

: I . . . RESPONSE POLARITY
Different filarial manifestations are likely related

to differences in T-cell responses.
Host T-cell variability

e The source explicitly qualifies this relationship as 1
likely.

Different immune effectors

e Inflammatory lymphatic disease emphasizes Th1-
associated responses. 1

Distinct disease manifestations
e Pulmonary hypersensitivity emphasizes Th2-

associated responses.



Th1 responses can generate granulomas

Adult worm within N Thl-mediated host N Granuloma around N Local tissue injury /
lymphatic tissue response adult parasite lymphatic damage

The cited mechanism concerns chronic lymphatic filariasis, not all infected patients.



Granulomatous injury compounds worm-associated damage

OBSERVATIONS

e Granulomas localize the host
reaction around adult worms.

e The resulting process adds
inflammation to direct parasite
injury.

e Prolonged damage can

Adult worm in lymphatic lumen contribute to chronic lymphatic
dysfunction.

Inflammatory cells around worm

Schematic local response: Inflammatory cells surround an adult parasite in a lymphatic channel.



Pulmonary disease follows a different response axis

Microfilarial antigens N Hypersensitivity-type N Th2-associated N Pulmonary
in lung response cytokine activity eosinophilia

“thought to be associated” when linking microfilarial hypersensitivity to this syndrome.



I1.-4 and IL-5 recruit distinct effectors

IL-4 IL-5
e Secreted by filaria-specific Th2 cells. e Secreted by filaria-specific Th2 cells.
e Can promote an IgE-associated response. e Can stimulate eosinophils.
e Represents the humoral-allergic arm. e Helps explain eosinophilic lung injury.

“May be stimulated” preserves Robbins’ cautious mechanistic phrasing.



Th1l and Th2 mechanisms predict distinct pathology

Response pattern Principal target Predominant lesion
Thl-mediated Adult worms in lymphatics Granulomas and lymphatic injury
Th2-associated Microfilariae in lungs Eosinophilia and hypersensitivity

Different host-parasite

. Heterogeneous clinical expression
settings

Variable / mixed

This is a framework, not a strict binary classification of every patient.



Parasite presence does not equal uniform inflammation

Relatively quiescent state High-response state

e Adult worms may occur with little

: : e Eosinophilic exudation may be intense.
inflammation.

e Microfilariae can circulate without

e Granulomas may surround adults.
symptomes.

e [nflammation is not obligatory at every

e Pulmonary Th2 injury can predominate.
moment.

Directly reflects Robbins” morphologic spectrum.



Asymptomatic microfilaremia is a named phenotype

Microfilariae are detectable within the bloodstream in this form.

An infected individual need not exhibit elephantiasis or overt lymphadenitis.

Circulating microfilariae provide a route for mosquito uptake.

Clinical silence should not be mistaken for absence of the parasite.



Recurrent lymphadenitis retlects episodic inflammation

Recurrent lymphadenitis is part of the Robbins TISSUE CORRELATION

clinical spectrum.

Lymphatic adult worms

e The lymph node is a site in which adult parasites may 1
be encountered.

Host inflammatory episodes

e Tissue reactions can include eosinophilia or
granulomatous inflammation. 1

Recurrent adenitis
e Repeated inflammatory injury is distinct from isolated

microfilaremia.



Chronic lymphadenitis is associated with regional swelling

Chronic inflammatory N Lymphatic drainage N Dependent tissue N Persistent limb /
lymphatic injury dysfunction edema scrotal enlargement

The disease spectrum links chronic lymphadenitis to elephantiasis and genital swelling.



Extremity lymphedema is anatomically dependent

Persistent swelling may involve extremities, especially dependent limbs.

Impaired lymphatic clearance is the proximate cause of fluid accumulation.

Long-standing disease may acquire subcutaneous fibrosis.

Severe chronic lower-limb involvement can produce elephantiasis.



Genital lymphatics may be extensively involved

Anatomic site

Scrotum

Penis

Vulva

Regional lymph nodes

Reported pathology or manifestation

Marked enlargement; Hydrocele; Sometimes chylous weeping

Persistent lymphedema

Persistent lymphedema

Enlargement and adult worms may be present

These distributions explicitly.



Hydrocele accompanies genital filariasis

Hydrocele and lymph-node enlargement CAUSAL CHAIN

frequently accompany chronic filariasis.
Genital lymphatic disease

e Fluid accumulates in the tunica vaginalis around the 1
testis.

Hydrocele fluid

e The fluid may contain cholesterol crystals,
erythrocytes, and hemosiderin. 1

Tunica remodeling
e Chronic fluid exposure induces tunica thickening and

calcification.



Chylous weeping signals severe lymphatic disease

Weeping from
affected tissues

Long-standing scrotal N Marked lymphatic

E f chylous fluid -
enlargement oathology - Escape of chylous fluid

This complication is described for severe, long-duration infection.



Elephantiasis is a late tissue-remodeling phenotype

Persistent limb N Tough subcutaneous N Epithelial N Massive chronic
swelling fibrosis hyperkeratosis enlargement

Elephantiasis indicates structural change beyond simple transient fluid accumulation.



Why elephantoid skin becomes thick and firm

Deeper soft tissue Overlying epidermis

e Persistent lymphatic fluid burden. e Reactive epidermal thickening occurs.

e Surface hyperkeratosis becomes

e Tough subcutaneous fibrosis develops. :
conspicuous.

o Affected region becomes chronically
enlarged.

e Skin architecture reflects sustained disease.

Tissue patterns are Chapter 8.



Microscopic pattern of elephantoid skin

Compartment Robbins morphologic finding
Dermal lymphatics Dilatation

Dermal interstitium Widespread lymphocytic infiltrates
Dermal deposits Focal cholesterol deposits
Epidermis Thickening and hyperkeratosis

Textbook morphology rendered as an editable classification rather than an unsourced histology image.



Dilated dermal lymphatics reflect drainage failure

OBSERVATIONS

e Dermal lymphatics can be
conspicuously dilated.

e |Interstitial fluid accumulates
when lymphatic flow is
impaired.

e Dermal lymphocytes

Dilated lymphatic lumen accompany chronic
inflammation.

Original anatomy schematic: Enlarged dermal lymphatic channel and tissue edema, not an H&E image.



Epidermal hyperkeratosis is a chronicity clue

Elephantoid epidermis is thickened and ARCHITECTURE

hyperkeratotic.
Chronic lymphedema

e These are tissue-level consequences of protracted 1
disease.

Epidermal thickening

e Acanthotic thickening and hyperkeratosis are
described as changes of the epidermis. 1

Hyperkeratotic surface
e The microscopic skin pattern must be interpreted

with lymphatic abnormalities.



Adult worms can be live, dead, or calcified

State in tissue Interpretive principle

Live adult parasite Anatomic demonstration of the lymphatic nematode.
Dead parasite Residual worm structures may persist in affected tissue.
Calcified parasite Mineralized remnant may be present in chronic disease.

All three states within lymphatics or draining lymph nodes.



Three inflammatory patterns surround adult worms

Minimal response Eosinophilic injury

Adult parasite with mild or absent Dense eosinophilia with hemorrhage and
inflammation. fibrin.

Granulomatous injury Time-dependent change

Granulomas surrounding the adult worm. Dilated lymphatics develop polypoid

infoldings.



Minimal inflammation does not exclude infection

i i . OBSERVATION
Some tissue sections show adult worms with little

or no surrounding reaction.
Worm in lymphatic

e Inflammatory intensity varies substantially among 1
lesions.

Limited host response

e A worm can be present even when surrounding tissue
seems quiet. 1

Parasite still demonstrable
e The histologic diagnosis rests on actual parasite and

anatomic context.



Eosinophilic reaction may be hemorrhagic

. . . . PATHOLOGY TRIAD
One described pattern has intense eosinophils,
hemorrhage, and fibrin.
Eosinophils
e This pattern with recurrent filarial 1
funiculoepididymitis.
Hemorrhage
e The infiltrate is a host inflammatory reaction around
parasite-bearing tissue. 1
Fibrin

e Fibrin and hemorrhage mark a more destructive local
event.



Granulomas may surround adult parasites

OBSERVATIONS

e This lesion exemplifies the Th1l-
associated response.

e Granulomas coexist with direct
parasite effects on lymphatics.

e Chronic inflammation may

Adult worm in lymphatic lumen contribute to lymphatic
impairment.

Inflammatory cells around worm

Granulomatous lymphatic lesion (schematic); Individual cell counts and worm scale are not literal.



Lymphatic walls remodel over time

Persistent lymphatic
dilatation

Polypoid infoldings N Distorted lymphatic

=» Ongoing tissue injury = :
gOINg jury develop channel architecture

A named late microscopic finding’ morphology section.



Hydrocele fluid contains evidence of repeated injury

Fluid finding What it indicates in the Robbins description

Cholesterol crystals Lipid-rich products may accompany long-standing collection.
Red blood cells Hemorrhagic components may be present.

Hemosiderin Evidence of prior erythrocyte breakdown.

Associations follow the textbook; Findings are not presented as diagnostic criteria.



Tunica vaginalis responds to chronic hydrocele

Persistent hydrocele ,  Exposure of tunica

) . Tunical thickening = Potential calcification
fluid vaginalis

Consequence of chronic fluid accumulation explicitly reported.



Tropical pulmonary eosinophilia is a distinct syndrome

et e : TARGET
Pulmonary filarial disease centers on immune

response to microfilariae.
Microfilarial antigen

e A Th2-type response can produce prominent 1
eosinophilia.

Th2 response

e Lung manifestations may occur without typical
lymphatic disease. 1

Pulmonary eosinophilia
e The morphologic picture differs from chronic

obstructive lymphedema.



Meyers—Kouwenaar bodies are pulmonary lesions

OBSERVATIONS

e Dead microfilariae may be
surrounded by stellate hyaline
eosinophilic precipitates.

¢ The material lies within small
epithelioid granulomas.

e These foci Meyers—Kouwenaar
bodies.

Dead microfilaria

Eosinophilic stellate material

Original conceptual schematic of a dead microfilaria with radiating eosinophilic material; Not a histologic image.



Pulmonary disease may lack limb or genital findings

Chronic lymphatic form Pulmonary form
e Adult-worm lymphatic injury. e Response to microfilariae in lung.
e Lymphedema, hydrocele, elephantiasis. e Eosinophilia / occasional granulomas.
e Fibrosis and hyperkeratosis over time. e Other filarial manifestations often absent.

Robbins stresses the frequent absence of other manifestations in pulmonary cases.



A site-based pathology map

Blood Lymphatic channels
Circulating microfilariae. Adult worms; Dilation; Granulomas.
Skin and subcutis Lung

Edema; Fibrosis; Hyperkeratosis. Eosinophilia; Meyers—Kouwenaar bodies.



Diagnosis requires compartment-aware interpretation

Finding / specimen What it can demonstrate

Peripheral blood with microfilariae = Blood-stage infection.
Affected lymphatic / node tissue Adult worms and local inflammatory pattern.
Elephantoid skin Secondary cutaneous remodeling.

Pulmonary tissue in relevant cases  Eosinophilic reaction or dead-microfilarial granuloma.

This source-grounded map is not a complete clinical testing guideline.



Avoid equating nonspecific edema with filariasis

Filarial lymphatic obstruction Other edema mechanisms

Parasite-associated injury and fibrosis. e Elevated vascular hydrostatic pressure.

Regional lymphatic failure; Dependent

. e Reduced plasma oncotic pressure.
swelling.

May show adult worms or characteristic e Sodium/water retention or other lymphatic
tissue lesions. damage.

General edema differential is grounded Chapter 4.



Common interpretive pitfalls

Do not place schistosomal eggs or pipestem hepatic fibrosis in filarial slides: Adjacent
conversion text concerns Schistosoma.

A microfilaria in blood is not equivalent to an adult worm in a lymphatic vessel.

No single inflammatory reaction is compulsory: Mild, eosinophilic, and granulomatous
patterns are described.

The source does not provide blood-sampling times, assay thresholds, or drug dosing protocols.



Case A: An apparently healthy infected person

CLINICAL STEM

A person from an endemic region has microfilariae detected in blood but no clinically
apparent limb enlargement or lymphadenitis.

DISCUSSION PROMPTS

e Which named phenotype matches this presentation?
e Where are the adult worms expected to reside?

e How can this individual contribute to the vector cycle?



Case A: The transmission—symptom distinction

The described phenotype is asymptomatic microfilaremia.

Adult worms mature and mate within lymphatic channels.

Blood-stage microfilariae can be ingested by a biting mosquito.

Absence of elephantiasis does not negate the transmission-relevant blood stage.



Case B: A chronic swollen lower limb

CLINICAL STEM

An individual with long-standing dependent leg enlargement develops firm
subcutaneous tissue and a thick, hyperkeratotic epidermis.

DISCUSSION PROMPTS

e \What named late manifestation is illustrated?
e What happens to dermal lymphatics?

e Which two pathogenic processes contribute to lymphatic damage?



Case B: Integrate morphology and mechanism

The combination indicates an elephantiasis-type phenotype.

Dilated dermal lymphatics, lymphocytes, fibrosis, and epidermal hyperkeratosis.

Adult parasites and Thl-associated immune injury impair lymphatic drainage.

Chronicity converts sustained edema into structural remodeling.



Case C: Marked pulmonary eosinophilia

CLINICAL STEM

A patient with suspected filarial exposure develops prominent pulmonary
eosinophilia, but has no evident genital enlargement or chronic limb lymphedema.

DISCUSSION PROMPTS

e Which filarial manifestation must be considered?
e Which helper T-cell response is emphasized?

e What named granulomatous structure may be seen in lung tissue?



Case C: Pulmonary hypersensitivity

Tropical pulmonary eosinophilia is the Robbins-described syndrome.

Th2 cytokines, notably IL-4 and IL-5, are associated with IgE and eosinophil responses.

Meyers—Kouwenaar bodies may contain dead microfilariae and stellate eosinophilic material.

Pulmonary cases often lack other manifestations of lymphatic filariasis.



Integrated causal model

: Adults in Parasite evasion Lymphatic . :
Mosquito-borne . . / ymp Edema, fibrosis,
lymphatics + Wolbachia / damage OR .
nematode > TR > : > -+ elephantiasis OR
. . microfilariae in variable host pulmonary . .
infection e eosinophilia
blood response hypersensitivity

An intentionally simplified synthesis of the Robbins disease mechanism.



The pathology-centered summary

W. Bancrofti and Brugia species are mosquito-borne lymphatic filariae.

Adult lymphatic worms cause direct and immune-associated injury; Circulating microfilariae
connect to vectors.

Chronic disease combines impaired lymph drainage, edema, fibrosis, and hyperkeratosis.
Th1 granulomas contrast with Th2-associated pulmonary eosinophilia.

Wolbachia symbiosis creates an important parasite-survival dependency.



Source basis and scope

)

Robbins, Cotran & Kumar. Pathologic Basis of Disease. 11th ed. Chapter 8, “Lymphatic Filariasis,’
printed pp. 364—-365 (figure caption on p. 366).

Robbins, Chapter 4, “Lymphatic Obstruction”: lymph drainage failure and filarial elephantiasis.

Robbins, Chapter 21, “Lesions of Tunica Vaginalis”: hydrocele and chylocele context.

Teaching schematics in this deck are original PowerPoint geometry—not authentic histology or
clinical specimens.
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