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Our Agenda 2day:

• Brief Microbiology of Spirochetes

• Lab. Dx of Spirochetal Diseases

• More focus on the Serologic Tests for the Lues

• Anti Phospholipid Syndrome



Spirochetes
• The spirochetes are a large, heterogeneous group of 

spiral, motile bacteria.

• One family, Spirochaetaceae, (previousely classified as 
Treponemataceae) of the order Spirochaetales consists 
of two genera whose members are human pathogens:

✓ Treponema (causing kooft!) and 
✓ Borrelia (causing Tab-e Raje’eh).

• The other family (Leptospiraceae) includes one genus of 
medical importance:

✓ Leptospira (causing Tab-e Shaleezar).



Taxonomy

Phylum

Spirochaetes

Class

Spirochaetia

Order

Spirochaetales

Families

Spirochaetaceae (& Leptospiraceae)

Geneus

Treponema (& Leptospira)



Spirochetes Pathogenic for Humans

Genus Axial

Filaments 

Insertion

Disks

Size in um

(& # of Coils)
Morphology

توصیف 

میکروسکوپی

Borrelia 30-40 2
10-20 x 0.5

مار

Treponema 6-10 1
6-15 x 0.2

(8-14)
فنر خودکار

Leptospira 2
(قلاببا)

3-5
6-20 x 0.1

نخ گونی عطار



Spirochetes

• Spirochetes are gram-negative, slender corkscrew-shaped bacteria 
with axial periplasmic flagella wound around a helical protoplasm.

• The bacteria are covered in a membrane called an outer sheath, 
which may mask bacterial antigens from the host immune 
response.

• Treponema pallidum subsp. pallidum is the microaerophilic 
spirochete that causes syphilis. 

• Other closely related treponemes cause:

– Bejel or endemic syphilis (Treponema endemicum) and 

– Pinta (Treponema pallidum subsp. carateum) and 

– yaws (Treponema pallidum subsp. pertenue) 

• T. pallidum subsp. pallidum, usually referred to simply as T.pallidum, 
is too slender to be seen in Gram stain, but it can be visualized by 
silver stains and immunofluorescence technique.



A (defective!) table about Treponema-Associated Diseases



Introduction
Human disease caused by spirochetes typically follows a clinical 

course that reflects three sequential phenomena:
(1) early, local proliferation of the organisms at the site of entry,
(2) spirochetemia with systemic dissemination, and
(3) persistence of small numbers of microbes at various, often 

immune, “privileged”sites.

• Direct detection of pathogenic spirochetes is sometimes possible 
by microbiologic culture, microscopy, or genomic amplification, 
but diagnosis more often relies upon the demonstration of a 
patient’s serologic response to the offending agent.

• Serologic detection of syphilis, by far the most common mode of 
diagnosis, comprises methods that semi-quantitatively measure 
antibody to various lipoproteins, as well as methods that detect 
antibody to treponeme-specific antigens. Serologic testing 
algorithms may begin with a non-treponemal assay, or with a 
treponeme specific assay (referred to as the reverse algorithm).



In the History
• Over the centuries, Europeans have had to contend with four pox diseases:

• chickenpox, 
• cowpox, 
• smallpox, and 
• the Great Pox, a disease now known as syphilis.

• The first European epidemic was recorded in the late 1400s, shortly after 
the conquest of Naples by the French army.

• For decades the disease had various names, but by the 1700s, it had come 
to be called syphilis. 

• Syphilis is currently ranked among the top five most reported microbial 
diseases in the United States. 

• Statistics indicate more than 40,000 people are afflicted with the disease 
annually and the number has been rising since 2000. Twelve million cases 
are reported each year worldwide.

• Taken alone, these figures suggest the magnitude of the syphilis epidemic, 
but some public health microbiologists believe for every case reported, as 
many as nine cases go unreported.



• Syphilis is caused by 
Treponema pallidum.

(trepo = “turn”; nema = “thread”; pallid = “pale”; thus literally “pale turning thread”). 

• This spirochete moves by means of endoflagella.
• Humans are the only host for T. pallidum, so the organism must 

spread by direct human-to-human contact, usually during sexual 
intercourse.

• It penetrates the skin surface through the mucous membranes 
of the genitalia or via a wound, abrasion, or hair follicle.

• The variety of clinical symptoms accompanying the stages, and 
their similarity to other diseases, have led some physicians to 
call syphilis the “great imitator.” 

• Untreated, the disease can progress through a number of 
stages.



T. Pallidum in chancre fluid
as seen by DFM

using the 40x objective

An Immunochromatographic
Rapid POC Test

for syphilis



Courses of the 3 or 4 Syphilitic Stages:
• The incubation period for syphilis varies greatly, but it averages about 3 

weeks.

• Primary syphilis is the first stage of the disease. It is characterized by a 
lesion, called a chancre, which is a painless circular, purplish ulcer with 
a small, raised margin with hard edges.

• The chancre develops at the site of entry of the spirochetes, often the 
genital organs. However, any area of the skin may be affected, including 
the pharynx, rectum, or lips.

• The chancre teems with spirochetes and represents the stage that is 
most infectious.

• Spirochetes are plentiful within the chancre and spread from there 
throughout the body by hematologic and lymphatic dissemination.

• The chancre persists for three to six weeks, and then heals 
spontaneously. However, the infection has not been eliminated, as the 
spirochetes have spread through the blood and lymph to other body 
organs.



secondary syphilis

• Several (2-10) weeks after the chancre 

has healed, ~70% of the untreated patients

experiences secondary syphilis.

• Symptoms include fever and a flu-like illness as well as swollen 
lymph nodes and condylomas. The skin rash that develops, which 
may be mistaken for measles, rubella, or chickenpox, appears as 
reddish-brown spots on the palms, soles, face, and scalp.

• Transmission can occur if there are moist lesions.

• Loss of the eyebrows often occurs, and a patchy 

loss of hair results in“moth-eaten” areas 

commonly seen on the head. 

• Involvement of the liver may 

lead to jaundice and 

suspicion of hepatitis.



Latent Syphilis; Tertiary syphilis
• In untreated patients, the symptoms resolve after several weeks. Most patients 

recover, but they bear pitted scars from the healed lesions and remain 
“pockmarked.

• These individuals now enter a latent period that can last several years.
• Many patients will have relapses of secondary syphilis during which time they 

remain infectious.
• Within 4-5 years, the relapses cease and the disease is no longer infectious 

(except in pregnant females). 
• Tertiary syphilis or Late syphilis (Lues Tarda) occurs in one third of untreated 

patients, usually after a latent period of 5 years or more. (cf. late vs latent!)
• Patients either remain asymptomatic or slowly progress to the 3rd stage.
• About 40% of untreated patients 

eventually develop tertiary syphilis. 
• The stage 3 occurs in many forms, but 

most commonly it involves the skin, 
skeletal, or heart and CNS.

• The hallmark of tertiary syphilis is 
the gumma, a soft, painless, gummy 
noninfectious granular lesion.



ورود باکتری
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آزمون ایمونوسرولوژی بیماریهای اسپیروکتال

برای انجمن متخصصین آزمایشگاه

(1400آبان 10دوشنبه -مبحث دوم)

زیوور بووا نمونووه بوورد ری و آزمووای  کوود میت  ز یووایعا  سیفیلیسووی:سووو  1
 حتما  مشاهده ترپونم بسیار کم  س ؟

 لف

جو  پوستیب

کوندیلومج

گومد
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Clinical Classification of Syphilis course

These stages may overlap or present atypically in the setting of HIV coinfection



Another sample table for Stages of Syphilis



The natural course of untreated syphilis



A gumma (as a mass of inflamed tissue) 
on the leg of a patient with

tertiary (late) syphilis



More on Tertiary Syphilis
• In the cardiovascular system, gummas weaken the major blood vessels, causing 

them to bulge and burst; in the spinal cord and meninges, gummas lead to 
degeneration of the tissues and paralysis; and in the brain, they alter the 
patient’s personality, mental health and judgment. Damage can be so serious as 
to cause death.

• Syphilitic gummas are white-gray and rubbery, occur singly or multiply, and vary 
in size from microscopic lesions resembling tubercles to large tumor-like masses. 
They occur in most organs but particularly in skin, subcutaneous tissue, bone, 
and joints. In the liver, scarring as a result of gummas may cause a distinctive 
hepatic lesion known as hepar lobatum. On histologic examination, the gummas
have centers of coagulated, necrotic material and margins composed of plump, 
palisading macrophages and fibroblasts surrounded by large numbers of 
mononuclear leukocytes, chiefly plasma cells.

• Treponemes are scant in gummas and are difficult to demonstrate.
• Syphilis is a serious problem in pregnant women because the spirochetes 

penetrate the placental barrier after the third or fourth month of pregnancy, 
causing congenital syphilis in the fetus. Infection can lead to death (stillbirth).

• Surviving infants develop skin lesions and open sores. Affected children often 
suffer poor bone formation, meningitis, or Hutchinson’s triad, a combination of 
deafness, impaired vision, and notched, peg-shaped teeth.



Hutchinson teeth
as a late manifestation of 

congenital syphilis

Saddle nose
in a newborn with
congenital syphilis

From Nelson Txtbk Paed 2020 ed 21



Protean 
manifestations 

of 

syphilis



Hutchinson's teeth
a sign of congenital syphilis



Other Immunological Aspects of the Sigma

• There is no vaccine for syphilis, so the cornerstone of syphilis control is:
– safe sex practices, and 
– the identification and treatment of the sexual contacts of patients.

• Because T. pallidum cannot be cultivated on laboratory media, diagnosis 
in the primary stage depends on the observation of spirochetes from the 
chancre using fluorescence or dark-field microscopy.

• As the disease progresses, a number of common tests to detect syphilis 
antibodies becomes useful, including:
– The rapid plasma reagin (RPR) test, 
– The Venereal Disease Research Laboratory (VDRL) test, and 
– Other tests for more specific anti-Treponemal Ab’s.

• Penicillin is the drug of choice and a single dose usually is sufficient to 
cure primary and secondary syphilis, then mitigation of clinical 
manifestations and lowering some antibody titers.



• The immune response to T. pallidum reduces the burden of bacteria and can lead 
to resolution of local lesions but does not reliably eliminate the systemic 
infection.

• Superficial sites of infection (chancres and rashes) have an intense inflammatory 
infiltrate that includes T cells, plasma cells and macrophages that surround the 
bacteria. 

• The infiltrating CD4+ T cells are TH1 cells that may activate macrophages to kill 
the bacteria.

• Treponeme-specific antibodies are detectable and these activate complement in 
the lesion and opsonize the bacteria for phagocytosis by macrophages.

• In many patients, the organism persists despite these host responses.
• A series of duplicated genes, termed T. pallidum repeats (tprA to tprL, etc), which 

encode homologous membrane proteins that may impart the means of antigenic 
variability and immunologic escape.

• A protein in the outer membrane of T. pallidum, TprK, accumulates structural 
diversity during the course of infection through gene conversion (recombination) 
between silent donor sites and the tprK gene and this might contribute to 
antigenic diversity that allows the organism to persist.

Other Immunological Aspects of the Sigma (cont.)



Common Serologic Tests for Syphilis
❖ Serology remains the mainstay of diagnosis of syphilis. Serologic tests include nontreponemal antibody 

tests and antitreponemal antibody tests.

• Nontreponemal tests measure antibody to cardiolipin, a phospholipid present in both host tissues and T. 
pallidum. These antibodies are detected in the RPR and VDRL tests.

• Treponemal antibody tests measure antibodies that specifically react with T. pallidum and not other 
treponemes.

• These include the FTA_absorption test, the dangerous TPI (Nelson), the T. pallidum MHA or Particle 
Agglutination and ELISA. The use of these tests is complex because of differences in the antibody 
responses they measure and imperfections in the tests.

• In the diagnosis of congenital syphilis, having a means to differentiate between passive transplacental 
transfer of maternal antibody to the fetus and production by the fetus of active endogenous fetal 
antitreponemal antibody would be most helpful in the  T.O.R.C.H. (and not ToRCH! ) series.

• Because antibodies of the IgM class do not cross the placenta, detection of IgM antibody in the umbilical/ 
fetal or neonatal serum would indicate antibody production by the fetus because of active fetal infection.

• No IgM assay currently is commercially available that is sufficiently sensitive and specific to recommend 
for routine use in the evaluation of infants born to mothers with syphilis. The fluorescent treponemal 
antibody that measures IgM antitreponemal antibodies, the IgM-FTA-ABS test, has been associated with 
false-positive and false-negative results.

• False negative results may occur due to the blockade of antigenic epitopes of the test materials by the 
presence of maternal  IgG. Occasional false-positive IgM-FTA-ABS tests occur because of the presence of 
an IgM anti-IgG antibody or rheumatoid factor.

• For these reasons, the CDC has recommended that the IgM-FTA-ABS test be suspended for diagnostic 
testing of neonates, and the test is available only as a provisional test.



Nontreponemal and Treponemal Assays



























• Lab NOTE: Non-treponamal Testing on CSF should be strictly limited to VDRL, rather than RPR.

• Diagnosis of neurosyphilis, ususally requires a positive serum treponemal test in addition to a 
positive VDRL on CSF.

• The VDRL applied to CSF is highly specific for the diagnosis of neurosyphilis but is insensitive.

• It is negative in 22%–69% of patients with active neurosyphilis, and its sensitivity in inactive 
neurosyphilis may be as low as 10%.

• By contrast, the CSF FTA-ABS is reported to have high sensitivity and negative predictive value 
for neurosyphilis, but is not specific. Some experts advocate using this as a means of excluding 
the diagnosis.

RPR (Rapid plasma reagin) test card showing (from Left to Right):
nonreactive, weakly reactive, and strongly reactive serum samples (well 1 to well 3) with 
their respective agglutination patterns.  Do NOT use POSITIVE or NEATIVE terminology!



Your Action?!?



• Dark-Field Examination of the chancre may be more specific but less sensitive 
compared to the serologic reaction in the early weeks of syphilis.

• More specific serologic tests for syphilis may be negative for up to 10 days after 
formation of the chancre.

• The occurrence of seronegative syphilis during active infection has important 
implications for diagnosis, not only for the patients but also for seronegative 
mothers giving birth to newborns with congenital syphilis.



Standard Serologic Tests for Syphilis

Sensitivities of Serologic Tests for Syphilis in
Different  Stages of Disease with an overall  Specificity

From Feigin & Cherry’s Txtbk Paed Inf Dis 2019 ed 8

*MHA-TP has been replaced with Treponema pallidum particle agglutination (TP-PA) test





Some other tests R also currently used 4 Syphilis Dx
especially in

Reverse Sequence Syphilis Screening



Syphilis Screening by Traditional algorithm
(non-treponemal tests first)



Syphilis Screening by Reverse algorithm
(treponemal tests 1st)



Despite these recommendations for reverse sequence 
screening, some authorities continue to recommend 
the traditional algorithm (with reactive 
nontreponemal tests confirmed by treponemal 
testing).

Recommended algorithm for

reverse sequence syphilis screening

(treponemal test screening followed by 
nontreponemal test confirmation)

† If incubating or primary syphilis is suspected, treat with 
benzathine penicillin G 2.4 million units intramuscularly in a 
single dose.

§ Evaluate clinically, determine whether treated for syphilis 
in the past, assess risk for infection, and administer therapy.

¶ If at risk for syphilis, repeat RPR in several weeks. 



Comparison between Treponemal tests using Recombinant Antigens



CASE STUDY

Hx & PE:

• A 19-year-old woman comes to youe center with pain in the right side of her pelvis 
and a slight temperature.

• She has a history of two episodes of chlamydial cervicitis and herpes simplex 
vulvitis.

• Physical examination reveals abundant mucopurulent cervical discharge and a 
painless genital lesion. The patient also has some swelling of her inguinal lymph 
glands.

Laboratory Data:

• @ the outset of the W/U a stat pregnancy test is ordered. It is positive.

Questions & Discussins:

1- What other Lab Tests would U expect 2 B ordered?

2- Could this Pt have Sigma?!

3- If Syphilis is suspected, what tests should B ordered?

4- Any other point?!

5- Is there risk of congenital infection in this woman’s unborn child?
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Diagnostic Testing
T. pallidum cannot be cultured in vitro, and the diagnosis relies on either direct visualization of 
the organism or serologic testing.
In primary syphilis, the chancre should be evaluated for spirochetes with dark-field microscopy 
or DFA testing. Both are highly dependent on adequate sample collection and operator skill.
Serologic testing and treatment for presumptive primary syphilis should be performed if a 
suspicious lesion is present.
Nontreponemal diagnostic tests (e.g., RPR, Venereal Disease Research Laboratory [VDRL]) are 
sensitive in immunocompetent patients, but are not specific.
False-positive results may occur during pregnancy, in IV drug users, or in the presence of other 
diseases, such as other spirochete infections, tuberculosis, and autoimmune disorders.
False-negative results may occur very early in infection.
In advanced HIV disease, false-negative results or delayed appearance of seropositivity may be 
seen due to late antibody production.
Very high antibody concentrations may interfere with RPR/VDRL testing and result in a false-
negative test (prozone effect). The prozone effect is more common in patients with HIV!! Titers 
tend to correspond to disease activity.
Patients with a history of treated syphilis may have low titers indefinitely. A fourfold increase in 
titer is indicative of reinfection.
A positive RPR or VDRL should be followed by a confirmatory
treponemal-specific test, such as fluorescent treponemal antibody absorption
(FTA-ABS), T. pallidum particle agglutination assay (TP-PA), or enzyme
immunoassay (EIA).
Some laboratories are conducting EIA for initial screening as part of a
“reverse screening algorithm.”
A positive EIA should be followed with RPR with titer.
All patients with syphilis should be tested for HIV.





















Your Action?!?
1- What is the titer?

2- One of my usual comments below such reports:

NOTE: Some cases of Reactive VDRL/RPR may reveal the presence of Anti-Phospholipid Antibody

(and not an STD condition) which merits more workup.



False-Positive serologic Reactions -1

• All of the available serologic tests for syphilis produce occasional reactive 
results in patients who have no other evidence of syphilitic infection.

• These reactions usually are called biologic false-positive (BFP) reactions 
and are distinct from positive reactions owing to technical errors.

• Most BFP reactions occur with nontreponemal tests; approximately 1% of 
normal adults have a BFP reaction by nontreponemal antigen tests.

• These reactions probably are more common in pregnant women than in 
the general population.

• Reaginic antibody is reactive with at least 200 antigens other than those of 
T. pallidum, and although the specific stimulus for this antibody in syphilis 
and other diseases is unknown, it may represent antibody to cellular 
lipoidal antigens of the host that are liberated during various diseases.

• For clinical purposes, BFP reactions may be classified as acute, in which the 
reactivity resolves within 6 months, or chronic, in which reactivity is 
persistent.

From Feigin & Cherry’s Txtbk Paed Inf Dis 2019 ed 8



•Acute biologic false-positive reactions.
–Most BFP reactions are detected by nontreponemal tests and occur in 

patients with other acute illnesses, especially pneumonia, hepatitis, 
and viral exanthematous disease, or after receiving vaccinations. The 
prognosis for the patient’s health is not affected by the finding. The 
titer of antibody usually is low (<1 : 8), and in most instances the FTA-
ABS or TP-PA test is nonreactive.

–Approximately two-thirds of patients with BFP reactions have acute 
reactions, and reactivity subsides within 6 months.

• Chronic biologic false-positive reactions.
–Many patients with chronic BFP reactions have or develop systemic 

disease. Drug addiction, chronic hepatitis, old age, leprosy, and 
collagen vascular disease, especially systemic lupus erythematosus, are 
associated highly with chronic BFP reactions.

• A familial predisposition to BFP may exist (in endemic and non-
venereal (non-sexual) treponemal infections and in autoimmune 
states).

False-Positive serologic Reactions -2



• The antibody detected by the VDRL test in chronic BFP 
reactions predominantly is IgM, whereas it mainly is 
IgG in syphilis.

• A finding of particular concern (in the western 
countries, Feigin 2019, ed 8) is that there seems to be a 
relative increase in acute and chronic BFP reactions in 
women who are infected with HIV.

• Screening with EIA/CIA treponemal tests has resulted 
in some individuals having a reactive EIA/CIA test but a 
nonreactive nontreponemal test. If the individual does 
not have a history of adequately treated syphilis, a 
second treponemal test (TP-PA preferred) should be 
performed, and if it is negative, the positive EIA/CIA is 
more likely to represent a false-positive test.

False-Positive serologic Reactions -3



About Screening and Confirmation
(regarding sensitivity & Specificity)

and the Disease Management

• Both treponemal and non-treponemal tests are only moderately sensitive (~70%-
85%) for primary syphilis.

• Both types of tests are very sensitive (>95%) for secondary syphilis.

• Treponemal tests are very sensitive for tertiary and latent syphilis. 

In contrast, non-treponemal antibody titers fall with time and so non-treponemal 
tests are somewhat less sensitive for tertiary or latent syphilis.

• Both non-treponemal and treponemal tests can be used to screen for syphilis, but 
positive results should be confirmed using a test of the other type (e.g., confirm
non-treponemal positive test results with a treponemal test & vice versa). 
Confirmatory testing is needed because false positive results can occur in both 
non-treponemal and treponemal tests.

• Causes of false-positive results in these tests include pregnancy, autoimmune 
diseases, and infections other than syphilis.

• Non-treponemal antibody levels fall with successful treatment of syphilis, and so changes in 
the titers detected in these tests can be used to monitor therapy.

• Treponemal tests, usually non-quantitative, remain positive even after successful therapy.



Sensitivities of Serologic Tests for Syphilis in 
Different Stages of Disease

From Henry’s Clin D&M by LM
2022, ed 24, p.1234



• Serologic tests are the most sensitive ones.

• Treponema pallidum cross-reacts with Borrelia burgdorferi (Lyme disease).
(MHA-TP, microhemaggl. Assay for T. pallidum; RST, regain screen test; TRUST, toluidine red unheated serum test; USR, 
unheated serum regain test)

Am J Dermatopathol Volume 33, Number 5, July 2011



CSF-VDRL is  preferred to RPR
in neurosyphilis samples 

• The RPR (nontreponemal test) is a serum assay. It is not 
approved for CSF specimens. The VDRL-CSF is the 
nontreponemal test approved for detection of neurosyphilis 
but it has low sensitivity (around 60-80%).

• The CSF VDRL has high diagnostic specificity in 
neurosyphilis. A false-positive VDRL titer occur only if the 
CSF is bloody. However, a negative CSF FTA-ABS may be 
useful to rule out neurosyphilis.

• It is also said that the presence of treponemal antibody in 
the CSF is not diagnostic for neurosyphilis since it may 
represent passive diffusion of treponemal antibody from the 
blood into the CSF due to the leakge of damaged meninges.



A short Recall:
• Yaws, bejel (endemic syphilis), and pinta are not sexually transmitted, are 

endemic to various tropical and Middle Eastern regions, and are caused 
respectively by:

✓T. pallidum subsp. pertenue (=T. pallidum pertenue), 
✓T. pallidum subsp. Endemicum, and
✓T. carateum.
• They are transmitted person to person, neither sexually nor congenitally, 

but acquired by means of skin or mucous membrane contact. Close 
contact with infected children or young adults, traumatized areas of skin, 
lack of clothing, and poor personal hygiene are important factors in the 
transmission of these diseases.

• Presumptive diagnosis of the endemic treponematoses can sometimes be 
made on the basis of clinical and epidemiologic data; however, as with 
venereal syphilis, serologic tests and direct microscopic techniques may 
prove useful.

• Human studies suggest that T. carateum induces significant protection
against homologous reinfection and cross-immunity against the 
treponemes of yaws and syphilis; however, these two subspecies of T. 
pallidum fail to confer cross-protection against T. carateum.



Comparison of the Treponematoses

On the basis of experimental studies in inbred hamsters, 
T. pallidum subsp. Endemicum  stimulates a high degree 

of homologous resistance to reinfection and cross-
immunity to T. pallidum subsp. pallidum and T. pallidum 

subsp. Pertenue.

2019 ed 8

on page 1285



Pinta, Bejel, Yaws
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A comparison of the stages of syphilis and leprosy
and their relationship to the balance of Humoral and Cellular Imm.

• Non-Trep. Tests frequently yield F.P. results in Leprosy (Jawetz, ed 20)

• High levels of DTH are associated with cure; weak DTH is associated with progressive disease.

• Progression of syphilis to the tertiary stage is most likely more related to depressed T-cell 
immunity, with or without high levels of antibody production.



The immunological spectrum of leprosy

• The clinical spectrum of leprosy ranges from tuberculoid disease with few lesions 

and bacteria to lepromatous leprosy, with multiple lesions and uncontrolled 

bacterial proliferation.

• This range reflects host immunity as measured by specific CMI and antibody 

responses to M. leprae, and the tissue expression of cytokines.



Tuberculoid L. Lepromatous L. مقایسهمعیار
intact CMI, low Ab,

Skin Th1 lymphocytosis,

Normal serum Ig. levels

Weak CMI, Hi Ab,

Foamy Mf, Low IFNg, Low IL2,

Hypergammaglobulinemia
پاسخ ایمنی

Scanty- Paucibacillary

L

Many- Multibacillary

H

تعداد باسیل

Infectivity

Limiting & Benign Progressive & Destructive سیر بیماری

Few erythematous macules

or hypopigmented plaques

Many erythematous macules, 

papules, or nodules (=Leproma)
در پوستنوع ضایعات

Sudden onset, Asymmetric,

Complete sensory loss,

Visible nerve enlargement 

Slow, Symmetric,

Patchy sensory loss,

Usually no nerve enlargement

Nerve Involvement

Pos Neg Lepromin Skin Test

Y N Granuloma

mouse footpad nine-banded armadillo Lab Cultivation

Comparative table for Bipolarized Leprosy



Early tuberculoid lesions in leprosy are usually characterized 

by anesthetic macules with hypopigmentation.



A comparison of the stages of syphilis and leprosy
and their relationship to the balance of Humoral and Cellular Imm.

• Non-Trep. Tests frequently yield F.P. results in Leprosy (Jawetz, ed 20)

• High levels of DTH are associated with cure; weak DTH is associated with progressive disease.

• Progression of syphilis to the tertiary stage is most likely more related to depressed T-cell 
immunity, with or without high levels of antibody production.



Jarisch–Herxheimer reaction
• Within 24 hours after antibiotic treatment of the spirochetal infections (syphilis, Lyme 

disease, leptospirosis, and relapsing fever), patients experience:

✓ shaking chills, a rise in temperature, malaise, tachycardia,

✓ intensification of skin (any existing skin lesions become more prominent), a flush due to vasodilation, 

✓ and leukocytosis,

✓ with symptoms resolving a few hours later over a period of 6-12 hours.

• JHR can also include uterine contractions in pregnancy, worsening liver and renal function, 

acute respiratory distress syndrome, myocardial injury, hypotension, meningitis, alterations in 

consciousness, seizures, and strokes. JHR is not seen with subsequent treatment.

• JHR is caused by non-endotoxin pyrogen and spirochetal lipoproteins and is then mediated by 

the pro-inflammatory cytokines (TNF, IL6, and IL8).

• The reaction should not ascribe to a sensitivity to the antibiotic.

• Syphilis may be suspected by the appearance of this reaction when treating another infection!

• Candidiasis (treated with systemic fluconazole) has also been reported as cause.

• The frequency of JHR is:

➢ Seropositive primary syphilis (95%)                     Seronegative primary syphilis (55%)

➢ Secondary syphilis (95%)                                      Latent and late syphilis (0%)

➢ Lyme disease (7-30%)                                            Leptospirosis (9%)



آزمون  یمونوسرولوژی بیماریهای  سپیروکتا 

بر ی  نجمن متخصصین آزمایشگاه

(1400آبان 10دوشنبه -مبحث دوم)
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FTA-Abs لف

TPIب

VDRLج

مایر-نلسون د

Harrison’s PIM, 2019, ed 20:منبع
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Let’s have another review in a Lab perspective
•All non-treponemal tests have similar performance characteristics. They detect both IgM and IgG.

•All non-treponemal tests in current use are flocculation tests.

• Interpretation of flocculation tests is subjective and, therefore, depends on staff experience.

• The non-treponemal tests currently licensed and available in I.R. Iran are the RPR and the VDRL.

• The VDRL is now conserved primarily for testing CSF mainly in referral hospitals (such as Imam 
Khomeini Hosp. Complex, Tehran).

•Non-treponemal tests are usually used in a traditional algorithm as qualitative assays or as 
quantitative assays to assess the response to treatment or to estimate the probability of the 
presence of a Biologic False Reaction. Screening tests are performed using undiluted serum.

• Results are reported as non-reactive or reactive.

• Reactive specimens are re-tested in a two-fold dilution series for quantitative results. Titres usually 
decline significantly after successful therapy. Treated patients should be followed for up to 24 
months; this prolonged follow-up is necessary to ensure titres decline to the expected extent.

•A prozone phenomenon occurs in high-titre specimens, which appear as non-reactive unless the 
samples are diluted.

• False-positive reactions are categorized as either acute (occurring for <6 months) or chronic.

• The recognized causes of acute false-positive reactions include other febrile illnesses, 
immunizations and pregnancy. Patients with acute false-positive reactions should be re-tested in 
three to six months.

• Chronic false-positive reactions are associated with hepatitis C infection, connective tissue 
diseases, intravenous drug use, malignancy, older age, malaria, Chagas disease, tuberculosis and 
leprosy.



Borreliosis

• Borrelia spp. are divided into two major groups:

–the Lyme borreliosis group that are transmitted exclusively by hard-bodied 
ticks, and

–the relapsing fever group that are primarily transmitted by soft-bodied ticks 
but also by hard-bodied ticks and lice.

• Borrelia recurrentis is the common sp. in Iran. The most common tick-borne 
disease in North America and Europe, Lyme disease is caused chiefly by 
Borrelia burgdorferi (senso lato or senso stricto!), Borrelia garinii, and Borrelia afzelii.

• Epidemic, louse-borne relapsing fever has a worldwide distribution but 
Endemic, tick-borne relapsing fever has a limited geographic distribution and 
is caused by several Borrelia species.

• Diagnosis of relapsing fever is most often established through the 
demonstration of spirochetes in peripheral blood smears stained by a 
Giemsa technique.



Immune Response against Borrelias
• Borrelia are initially phagocytized in the bloodstream by neutrophils, 

macrophages, and dendritic cells that cause the release of cytokines and other 
immune factors, resulting in symptoms.

• Antibodies, especially IgM plays a central role in bacterial eradication, and most 
Borrelia are cleared from the bloodstream after 2 to 3 days. Surviving Borrelia
are able to change outer membrane proteins so that the original IgM antibodies 
are no longer effective. A new antigenic variant emerges and causes recurrence 
of fever and other symptoms. The same process repeats itself for several cycles 
in untreated patients.

• Because there is some antibody cross-reactivity, subsequent spirochetemia and 
clinical manifestations usually are milder.

• Borrelia antigenic variation is a result of new outer surface VMPs that are 
encoded by alternative vmp genes found on linear plasmids. There is a copy of 
silent and expressed genes on the same or different plasmids within each 
borrelial microorganism.

• Antigenic switching occurs when a silent vmp gene begins to encode for protein 
while the existing vmp gene is shut down.

• The stimulus for antigenic switching is unknown. Recent data suggest that the 
antigenic switching that occurs when relapsing Borrelia move from mouse to tick 
is induced by the temperature change from the warm-blooded host to the 
cooler tick vector.



• Relapsing fever Borrelia are not confined to the bloodstream 
but also infect the nervous system, eyes, lung, liver, kidney, 
heart, and spleen. They may persist in these tissues.

• There is evidence in animal models that the same serotype 
antigenic variation that is seen in the blood also occurs in 
brain tissue, where Borrelia have been shown to persist for 
up to 3 years.

• Tissue damage in fatal human cases has been noted in the 
central nervous system (meningitis, degenerative lesions, 
hemorrhage, and perivascular infiltrates), heart (myocarditis), 
lung (pneumonia), gastrointestinal tract (hemorrhage), liver 
(enlargement, hepatic necrosis), and spleen (splenic abscess) 
probably due to exacerbated immune response.

• Relapsing fever Borrelia can cross the placenta or be 
transmitted during birth, causing abortion, premature birth, 
or severe perinatal infection.



Lyme Disease

• Lyme disease, not yet reported from Iran is a common 
arthropod-borne illness caused by the spirochete, Borrelia
burgdorferi, which can be localized or disseminated with a 
tendency to cause persistent chronic arthritis.
• It is caused by several subspecies of the spirochete Borrelia

burgdorferi, which is transmitted from rodents to people by 
Ixodes deer ticks.
• Lyme disease is endemic in the US, Europe, and Japan.
• In endemic areas, B. burgdorferi infects up to 50% of ticks, which 

may also be infected with Ehrlichia and Babesia.
• Serology is the main method of diagnosis, but PCR can be done 

on infected tissue.



PBS (thin & thick) of a patient with Relapsing fever
Giemsa stained (100x objective)



Lyme Clinical Picture
• Lyme disease involves multiple organ systems and is divided into three 

stages.

• In stage 1 (localized infection) spirochetes multiply and spread in the 
dermis at the site of a tick bite, causing an expanding circular area of 
redness, often with a pale center. This lesion, called erythema migrans, 
may be accompanied by fever and lymphadenopathy. The rash 
spontaneously disappears in 4 to 12 weeks.

• In stage 2 (disseminated infection) spirochetes spread hematogenously
throughout the body and cause secondary skin lesions, lymphadenopathy, 
migratory joint and muscle pain, cardiac arrhythmias, and meningitis 
often associated with cranial nerve involvement.

• Stage 3 (persistent infection) manifests many months after the tick bite.
B. burgdorferi usually causes a chronic arthritis sometimes with severe 
damage to large joints. Less often, patients will have polyneuropathy and 
encephalitis that vary from mild to debilitating.





!تریپانوزوم
!مانواع انسانی آن را در ایران نداریم ولی درسهایش را زیاد میخوانی





Emerging and Re-emerging 

Infectious Diseases
Emerging infectious diseases:

• Arisen or increased in the human population in the past 2 decades, such as:

✓ COVID-19, MERS and Zika nowadays,

✓ AIDS, H. pylori & Ebola in the past!

Re-emerging pathogens:

• Those that were formerly rare, viewed as largely under control or exhibiting 

reduced infection rates such as:

✓ Diphtheria and Measles in recent years in neighbor countries

✓ Influenza and CCHF inside Iran

میتواند انعکاسی از Re-emergingپیدایش متناوب عفونتهای بازپدید یا

شیوه های موفق گریز پاتوژنها از چنگال سیستم ایمنی باشد



Emerging pathogens in the end of the last century



Examples of Emerging & Re-emerging Diseases showing point of origin



Emerging and Re-emerging

Infectious Diseases
Emerging infectious diseases:

• Arisen or increased in the human population in the past 2 decades, such as:

✓ COVID-19, MERS and Zika nowadays,

✓ AIDS, H. pylori & Ebola in the past!

• Emerging infectious disease outbreaks may seem to come from nowhere!

Re-emerging pathogens:

• Those that were formerly rare, viewed as largely under control or exhibiting 

reduced infection rates, but that have recently begun to resurge due to: 

✓ development of drug resistance (e.g., tuberculosis), 

✓ acquisition of new virulence factors (e.g., MRSA),

✓ environmental changes that impact spreading (e.g., H1N1)

✓ biological changes that increase transmission rates (e.g., diphtheria)

✓ socio-behavioral changes that enhance geographic range (e.g., CCHF)



Global regions where infectious disease emerged or re-emerged 

in the past years, highlighting the expanding geography of this issue





Clinical stages 
of 

Lyme disease



Lyme Pathogenesis & Immunity

• B. burgdorferi does not produce LPS or exotoxins that damage the host.

• Much of the pathology associated with B. burgdorferi is thought to be secondary to the 
immune response against the bacteria and the inflammation that accompanies it.

• The initial immune response is stimulated by binding of bacterial lipoproteins to TLR2 on 
macrophages. In response, these cells release pro-inflammatory cytokines (IL-6 and TNF)
and generate bactericidal reactive nitrogen intermediates, reducing but usually not 
eliminating the infection.

• The inflammatory lesions are likely triggered by T cells and cytokines.

• Borrelia-specific antibodies, made 2 to 4 weeks after infection, direct complement-
mediated phagocytosis and killing of the bacteria; however, B. burgdorferi  escapes the 
antibody response through antigenic  variation.

• Similar to Borrelia hermsii, a cause of endemic relapsing fever, B. burgdorferi has a plasmid 
with a single promoter sequence and multiple coding sequences for an antigenic surface 
protein, VlsE, each of which can shuttle into position next to the promoter and be 
expressed. Thus, as the antibody response to one VlsE protein is mounted, bacteria 
expressing an alternate VlsE protein can escape immune recognition.

• Chronic manifestations of Lyme disease, such as the late arthritis, are probably caused by 
the immune response against persistent bacteria.



• Borrelia spirochetes are deposited in the skin during tick feeding. The organism does not produce 
toxins, so disease is primarily a result of the immunologic host response.

• Major antigens of the bacteria include the outer-surface lipoproteins (Osp) A, B and C, as well as the 
flagellar protein. Outer surface proteins are important for survival both in the tick and in mammals.

• Innate immune activation begins with spirochete binding to PRRs such as toll-like receptors on 
dendritic cells and macrophages in the dermis. This initiates signal transduction pathways that result in 
production of chemokines and cytokines by macrophages and dendritic cells. Spirochetes are ingested 
by macrophages and neutrophils and degraded within phagocytic vacuoles. Degradation products 
bind to intercellular pattern recognition receptors that further amplify the inflammatory response.

• Adaptive immune responses also help to clear spirochetes. Borrelia-specific T cells are activated. 
These aid in macrophage killing and help B cells differentiate into antibody-producing plasma cells.

• Patients with Lyme arthritis typically have higher Borrelia-specific antibody titers than do patients 
with other manifestations of Lyme disease. Despite a vigorous immune response, the spirochetes are 
not immediately killed, partly owing to immune evasion strategies, such as downregulation of 
expression of outer surface proteins and antigenic variation from the variable major protein-like 
sequence expression locus. B. burgdorferi produces specific proteins that inhibit complement activity.

• Several lines of evidence suggest that persistent symptoms do not result from active infection. 
Synovial tissue from patients with Lyme arthritis typically shows hypertrophy, vascular proliferation, 
and a marked mononuclear cell infiltrate, but joint cultures in patients with recurrent arthritis are 
negative.

• Some adult patients with Lyme arthritis, particularly those with HLA-DRB1 alleles, will develop a 
chronic, antibiotic refractory, autoimmune arthritis.

Lyme Pathogenesis & Immunity, cont.



Leptospirosis

• One of the most common zoonotic diseases throughout the 
world, leptospirosis is caused by various serovars of different 
species within the genus Leptospira (such as L. interrogans ).

• Although leptospirosis is usually subclinical or mild and flulike, 
a small proportion of patients develop severe symptoms 
related to gastrointestinal/hepatic disease, meningitis, renal 
failure, and/or myocarditis (also referred to as Weil’s disease).

• Although Leptospira spp. can be cultivated in vitro, diagnosis is 
usually made by demonstrating seroconversion.

• Demonstration of spirochetes along the colonic epithelial cell 
borders using routine, immunohistochemical, or in situ 
hybridization microscopy from biopsy material is more 
commonly performed than cultivation or genomic 
amplification assays.



Leptospiral Antigenic Structure
• Leptospires have a double-membrane structure, making it unique and 

similar to both gram-positive and gram-negative bacteria, attracting 
also different immune responses against them.

• Describing the membrane from inside out, leptospires have an inner 
cytoplasmic membrane, a peptidoglycan cell well, periplasm, outer 
membrane with outer-membrane proteins (OMPs), phospholipids, 
and lipopolysaccharide (LPS).

• Endothelial cell activation and immune activation were associated 
with disease severity in leptospirosis patients.

• Pathogenic Leptospira may inhibit the activation of the complement 
system through the secretion of proteases that cleave and inactivate 
key complement proteins.

• The ability of spirochetes to interact with the host fibrinolytic system 
may contribute to the degradation of the extracellular matrix 
components, immune evasion, and tissue penetrations and invasion.



Leptospiral Immunity & Immune Evasion
• Leptospiral immunoglobulin-like proteins (Lig), surface proteins found in pathogenic 

leptospires, are believed to be involved in cell adhesion and are among those that have been 
studied as potential vaccine candidates.

• Lig-bound plasmin was shown to cleave fibrinogen and the complement proteins C3b and 
C5, which may allow for invasion and complement immune system evasion by Leptosira.

• Surface-exposed proteins that might have potential roles in adhesion and pathogenesis 
include OmpL36, OmpL37, OmpL47, and OmpL54.

• OmpL1 displayed significant adhesin activity binding to glycosaminoglycans and monolayers
of human cells in vitro and may be a promising component for a subunit vaccine.

• The outer surface proteins LigA, LigB, and LigC contain immunoglobulin-like domains found 
in virulence factors such as intimin and invasin.

• Leptospiral endostatin-like proteins (Len) have been identified that have been shown to be 
involved in the organism’s ability to evade the complement system.

• The humoral response is the main mechanism of resistance against leptospirosis. IgG and 
IgM are detected in patients who have recovered from infection.

• Antibodies are produced against leptospiral LPS. LPS vaccines are effective, but immunity is 
limited to homologous serovars.

• PMN leukocyte is not an efficient defense factor for pathogenic leptospires in non-immune 
hosts.

• The virulence of leptospires appears to be related to their ability to resist killing both by 
serum and by neutrophils.



Immunodiagnosis in Leptospirosis
• A confirmed case of leptospirosis fulfills one of the following criteria:

(1) Specimens that are culture positive for leptospires or

(2) clinical symptoms compatible with leptospirosis and serological evidence (ELISA, Strip, etc).

• Positive Serology (like in other infections) is either:

–As an obvious seroconversion or

– as a remarkable (usually fourfold [2-tube] or greater) rising titer

in the serologic tests (usually MAT or Micro Agglutination Test) between:

➢ the 1st (e.g. the acute) and

➢ the 2nd (e.g. the convalescent) serum specimens

obtained 2 or more weeks apart and studied at the same laboratory.

• PCR has been shown to be effective for detecting pathogenic Leptospira but may not be 
routinely available. Leptospires can be recovered from blood or CSF during the septicemic
stage. Urine serves as the main source from which leptospires can be isolated during the 
immune and convalescent phases of leptospirosis since prolonged urinary shedding after 
infection is possible in humans.

• Presumptive leptospirosis is defined as the presence of clinical symptoms that are 
compatible with leptospirosis and a serologic (MAT) titer of 1 : 100 or greater, a 
positive slide MAT reaction on a single serum specimen obtained after the onset of 
symptoms, or a stable MAT titer of 1 : 100 or greater in two or more serum 
specimens obtained after the onset of symptoms.



Leptospira in U/A specimen by DFM

LeptoTek latex agglutination
for specific Leptospira Ab



A Recommended  Reading



ورانستیتو پاست–از کتاب تب های بازگرد 



For Further Study



Antiphospholipid Syndrome 

DEFINITIONS
• Antiphospholipid syndrome (APS) is an autoantibody-mediated acquired

thrombophilia characterized by recurrent arterial or venous thrombosis and/or
pregnancy morbidity. It affects primarily females.

• APS may occur alone (primary) or in association with other autoimmune diseases,
mainly systemic lupus erythematosus (SLE) (secondary).

• Catastrophic APS (CAPS) is a life-threatening rapidly progressive thromboembolic
disease involving simultaneously three or more organs.

• The major autoantibodies detected in patients’ sera are directed against
phospholipids and/or phospholipid (PL)-binding plasma proteins such as
prothrombin and β2 glycoprotein I (β2GPI).

• PLs are components of the cytoplasmic membrane of all living cells. The antibodies
are directed against negatively charged PLs including among others cardiolipin,
phosphocholine, and phosphatidylserine.

• Another group of antibodies termed lupus anticoagulant (LA) prolongs clotting times
in vitro, which are not corrected by adding normal plasma.

• Patients with APS often possess antibodies recognizing Treponema pallidum
PL/cholesterol complexes, detected by Venereal Disease Research Laboratory
(VDRL) tests and characterized as biologic false-positive serologic tests for syphilis
(BFP-STS).



Classification and Nomenclature of Antiphospholipids Ab’s



Antiphospholipid Syndrome -2 
EPIDEMIOLOGY
• The incidence of APS is estimated to be around 5 cases per 100,000 persons

per year in the US.

• Anti-PL antibodies occur in 1–5% of the general population. Their prevalence
increases with age; however, it is questionable whether they are able to
induce thrombotic events in elderly individuals. Moreover, one-third of
patients with SLE and other autoimmune diseases possess these antibodies,
with only 5–10% of them developing APS.

PATHOGENESIS 
• The initiating event for the induction of antibodies to PL-binding proteins 

seems to be infections, oxidative stress, and major physical stresses such as 
surgery or trauma. All these factors appear to induce increased apoptosis of 
the vessel endothelial cells and subsequent exposure of PLs.

• The latter, bound with serum proteins such as β2GPI or prothrombin, lead to 
neoantigen formation, which in turn triggers the induction of anti-PLs.

• The binding of anti-PLs to the disrupted endothelial cells leads to initiation of 
intravascular coagulation and thrombus formation.

• Complement activation has been also proposed as a mechanism of APS-
related fetal injury. 



Clinical Features of Antiphospholipid Syndrome 
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CLINICAL MANIFESTATIONS AND LABORATORY FINDINGS 
• Clinical manifestations represent the consequences of venous or arterial

thrombosis and/or pregnancy morbidity.
• Venous thrombosis, superficial or deep, occurs primarily in the lower extremities

often leading to pulmonary emboli. Thrombosis of the pulmonary arteries leads
to pulmonary hypertension and thrombosis of the inferior vena cava to Budd-
Chiari syndrome.

• Cerebral venous thrombosis, presents with signs and symptoms of intracranial
hypertension and retinal vein thrombosis.

• Arterial thrombosis affects more commonly the arteries of the brain and is
manifested as migraines, cognitive dysfunction, transient ischemic attacks,
stroke, and retinal artery occlusion.

• Arterial thrombosis of the extremities presents with ischemic leg ulcers, digital
gangrene, avascular bone necrosis, while thrombosis of other arteries leads to
myocardial infarction, renal artery stenosis, glomerular lesions, and infarcts of
spleen, pancreas, and adrenals.

• Coombs-positive hemolytic anemia and thrombocytopenia are laboratory
findings associated with APS.
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DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS 
The diagnosis of APS should be seriously considered in cases of thrombosis,
cerebral vascular accidents in individuals <55 years of age, or pregnancy
morbidity in the presence of livedo reticularis or thrombocytopenia.

In these cases, aPL antibodies should be measured. The presence of at least one
clinical and one laboratory criterion is compatible with the diagnosis, in the
absence of other thrombophilia causes.

Clinical criteria include:
(1) vascular thrombosis defined as one or more clinical episodes of arterial,

venous, or small vessel thrombosis in any tissue or organ; and
(2) pregnancy morbidity, defined as (a) one or more unexplained deaths of a

morphologically normal fetus at or beyond the tenth week of gestation; (b)
one or more premature births of a morphologically normal neonate before the
thirty-fourth week of gestation because of eclampsia, severe preeclampsia, or
placental insufficiency; or (c) three or more unexplained consecutive
spontaneous abortions before the tenth week of gestation.

Laboratory criteria include:
(1) LA, (2) anticardiolipin (aCL), and/or (3) anti-β2GPI antibodies, at
intermediate or high titers on two occasions, 12 weeks apart.
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DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS (cont.)
Differential diagnosis is based on the exclusion of other inherited or acquired 
causes of thrombophilia, Coombs-positive hemolytic anemia, and 
thrombocytopenia.

Livedo reticularis with or without a painful ulceration on the lower extremities 
may be also a manifestation of disorders affecting
(1) the vascular wall, such as atherosclerosis, polyarteritis nodosa, SLE, 

cryoglobulinemia, and lymphomas; or
(2) the vascular lumen, such as myeloproliferative disorders, 

hypercholesterolemia, or other causes of thrombophilia. 
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Livedo Reticularis




