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With a worldwide footprint, Rickettsiosis are diseases that are gaining increasing 

significance as important causes of morbidity and to an extent mortality too. 

Encompassed within these are two main groups, viz., Rickettsia spotted fever group 

and the Typhus group (they differ in their surface exposed protein and 

lipopolysaccharide antigens). A unique thing about these organisms is that, though 

they are gram-negative bacilli, they cannot be cultured in the traditional ways that we 

employ to culture regular bacteria. They need viable eukaryotic host cells and they 

require a vector too to complete their run up to the human host. Asia can boast of 

harbouring Epidemic typhus, Scrub typhus, Boutonneuse fever, North Asia Tick 

typhus, Oriental spotted fever and Q fever. The pathological feature in most of these 

fevers is involvement of the microvasculature (vasculitis/ perivasculitis at various 

locations). Most often, the clinical presentation initially is like Pyrexia of Unknown 

Origin. As they can't be cultured by the routine methods, the diagnostic approach left 

is serological assays. A simple to perform investigation is the Weil-Felix reaction that 

is based on the cross-reactive antigens of OX-19 and OX-2 strains of Proteus 

vulgaris. Diagnosed early, Rickettsiae can be effectively treated by the most basic 

antibiotics like tetracyclines/ doxycycline and chloramphenicol. Epidemiologically 

almost omnipresent, the DISEASE DIAGNOSIS segment of this issue 

comprehensively discusses Rickettsiae. Vector and reservoir control, however, is 

the best approach in any case.

“INTERPRETATION” segment highlights how to read and understand Latex 

Agglutination Tests while, “TOUBLE SHOOTING” portion discusses “ Home 

Pregnancy Tests”.

Amongst all the serious talk, BOUQUET has not been forgotten, a few jokes, a few 

words of advice and 4 simple but tricky questions cap it all.

P U B L I S H E D F O R T U L I P C U S T O M E R S



RICKETTSIAE 
INTRODUCTION 
Rickettsiae are small, Gram-negative bacilli that have evolved in such 
close association with arthropod hosts that they are adapted to survive 
within the host cells. They represent a rather diverse collection of 
bacteria, and therefore listing characteristics that apply to the entire 
group is difficult. The common threads that hold the rickettsiae into a 
group are their epidemiology, their obligate intracellular lifestyle, and the 
laboratory technology required to work with them. In the laboratory, 
rickettsiae cannot be cultivated on agar plates or in broth, but only in 
viable eukaryotic host cells (e.g., in cell culture, embryonated eggs, or 
susceptible animals). The exception, which shows the artificial nature of 
using obligate intracellular parasitism as a defining phenotypic 
characteristic, is Bartonella (Rochalimaea) quintana, which is cultivable 
axenically, but was traditionally considered as a rickettsia. The diversity 
of rickettsiae is demonstrated in the variety of specific intracellular 
locations where they live and the remarkable differences in their major 
outer membrane proteins and genetic relatedness. An example of 

TABLE 1: Distinguishing Characteristics of Rickettsial Diseases

Disease Organism Geographic Distribution Ecological Transmission 
Niche to Human Basis (Injury) Diagnosis

Rickettsia spotted fever group

Rocky mountain R. ricktettsii North, Central and Ticks Tick bite Microvascular 90% Rare IFA, LA, IHA,
spotted fever South America EIA, CF

Boutonneuse fever R.conorii Mediterenean Basin, Africa, Ticks Tick bite Microvascular 97% 50% IFA, LA, CF
Indian Subcontinent

Rickettsial pox R.akari North America, Europe, Korea Mite bite Microvascular 100% 92% IFA, CF

North-Asian tick typhus R.sibrica Russia China, Mongelia, Pakistan Ticks Tick bite Microvascular 100% 77% IFA, CF

Queensland tick typhus R. australis Australia Ticks Tick bite Microvascular 92% 75% CF

Oriental spotted fever R. japonica Japan Unknown Arthopod bite Microvascular 100% 48% IFA, CF

Typhus group

Epidemic typhus R.prowazekii Africa, South America Mexico, Humans, Flying Louse feces Microvascular 100% None IFA, LA, IHA,
Asia, Eastern United States Squirrels EIA, CF

Murine typhus R.typhi Worldwide Fleas, Rats Flea feces Microvascular 80% None IFA, LA, IHA, 
EIA, CF

Orientia Scrub typhus O.tsutsugamaushi Asia, South pacific, Australia Chiggers Chigger bite Microvascular 50% 35% IFA, EIA,

Sennetsu rickettissiosis E. sennetsu Japan Unknown Unknown Lymphoid Very None IFA, CF
hyperplasia Rare

Human Monocytic E. chaffeenis North America, Europe, Africa Deer Tick bite Granulomas 40% None IFA
ehrlichiosis

Human granulocytic E.phagocytophila North America Unknown Tick bite Unknown Rare None IFA
ehrlichiosis

Coxiella Q fever C.turnelli Worldwide Ticks, Pneumonia, Rare None IFA,  EIA, CF
Ungulates granulomas of

liver and  bone
marrow, chronic 
endocarditis

Bartonella Trench fever B.quintana North America, Europe, Africa Humans Louse bite or feces Perivasculitis Yes None IHA,  EIA, CF

Cat scratch disease B.hensalae North America Worldwide Cats Cat scratch or bite Granulomas, Rare None IFA,  EIA
vascular  
proliferation

Oroyos fever B.bacilliformis South America Humans Sandfly bite Acute hemolysis  Yes, None  EIA
chronic vascular Chronic 
proliferation phase

Pathological  Rash Eschar Serological 

extreme adaptation is that the metabolic activity of Coxiella burnetii is 
greatly increased in the acidic environment of the phagolysosome, 
which is a harsh location for survival for most other organisms. Obligate 
intracellular parasitism among bacteria is not unique to rickettsiae. 
Chlamydiae also have evolved to occupy an intracellular niche, and 
numerous bacteria (e.g., Mycobacteria, Legionella, Salmonella, 
Shigella, Francisella, and Brucella) are facultative intracellular 
parasites. In contrast with chlamydiae, all rickettsiae can synthesize 
ATP. Coxiella burnetii is the only rickettsia that appears to have a 
developmental cycle. 
Some organisms in the family Rickettsiaceae are closely related 
genetically (e.g., Rickettsia rickettsii, R. akari, R. prowazekii, and R. 
typhi); others are related less closely to Rickettsia species (e.g., 
Ehrlichia and Bartonella); and others not related to Rickettsia species 
(e.g., C. burnetii). The phenotypic traits of the medically important 
organism Orientia (Rickettsia) tsutsugamushi suggest that the species 
may be an example of convergent evolution in a similar ecologic niche. 
Rickettsioses are zoonoses that, except for Q fever, are usually 
transmitted to humans by arthropods (tick, mite, flea, louse, or chigger). 
Therefore, their geographic distribution is determined by that of the 
infected arthropod, which for most rickettsial species is the reservoir 

IFA - Indirect Fluorescence Antibody Test, LA - Latex Assay, IHA - Immuno Heamagglutination Assay, EIA - Enzyme Immuno Assay, CF - Complement Fixation.
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Horizontal transmission (i.e., acquisition of the bacteria by uninfected 
ticks feeding on infected animals) occurs less often and is not shown. 
Humans become incidental hosts after being bitten by an infected adult 
tick. 
The clinical gravity of Rocky Mountain spotted fever is due to severe 
damage to blood vessels by R. rickettsii. This organism is unusual 
among rickettsiae in its ability to spread and invade vascular smooth 
muscle cells as well as endothelium. Damage to the blood vessels in the 
skin in locations of the rash leads to visible hemorrhages in one-half of all 
infected persons (Fig. 2). Attempted plugging of vascular wall 
destruction consumes platelets, with consequent thrombocytopenia 
also affecting approximately one-half of the patients. 

In the 1940s an epidemic of disease characterized by fever, rash, and 
cutaneous necrosis appeared in one area of New York City. The etiology 
was traced to R. akari transmitted by the bite of mites (Liponyssoides 
sanguineus) that infested the numerous mice in an apartment house in 
this area. The disease was named rickettsialpox because many patients 
had blister-like rashes resembling those of chickenpox. Epidemics were 
diagnosed in other cities, and R. akari has been isolated in other 
countries (e.g., the Ukraine). Perhaps because this nonfatal disease is 
seldom considered by physicians, or its incidence is truly low, the 
diagnosis is rarely made. Transovarial transmission in the mite and 
periodic documentation of cases assure us that the etiologic agent is still 
with us. Boutonneuse fever, so called because of the papular rash in 
some cases, has many synonyms, reflecting different geographic 
regions of occurrence (e.g., Mediterranean spotted fever, Kenya tick 
typhus, and South African tick bite fever). Cases are observed in the 
United States in travelers returning from endemic areas. The agent, R. 
conorii, is closely related to R. rickettsii. Severe disease resembling 
Rocky Mountain spotted fever can cause death in high-risk groups (e.g., 
elderly, alcoholic, and glucose-6-phosphate dehydrogenase-deficient 
patients). Cutaneous necrosis caused by rickettsial vascular infection at 
the tick bite site of inoculation, known as an eschar or tache noire, is 
observed in only half the patients with boutonneuse fever. The curiously 
high prevalence of antibodies reactive with R. conorii in healthy 
populations in endemic regions might be explained by missed diagnosis 
of prior illness, subclinical infection, infection with an antigenically 
related but less pathogenic rickettsia, or nonspecificity of the laboratory 
test. Other spotted fevers occur in geographic distributions of little 
concern to many physicians in the United States. North Asian tick typhus 
caused by R. sibirica, Queensland tick typhus caused by R. australis, 
and the recently discovered oriental spotted fever caused by R. japonica 
demonstrate that spotted fever group rickettsiae occur worldwide. 

FIG. 2: Common clinical manifestations of the rickettsial diseases. 
Rickettsialpox and Other Spotted Fevers 

host. Rickettsiae are important causes of human diseases in the United 
States (Rocky Mountain spotted fever, Q fever, murine typhus, sylvatic 
typhus, human monocytic ehrlichiosis, human granulocytic ehrlichiosis, 
and rickettsialpox) and around the world (Q fever, murine typhus, scrub 
typhus, epidemic typhus, boutonneuse fever, and other spotted fevers) 
(Table 1). 

The rickettsial diseases are arranged into several major categories 
(Table1), the first two of which are the spotted fever and typhus fever 
groups. 

Rocky Mountain spotted fever is 
among the most severe of human infectious diseases, with a mortality of 
20 to 25 percent unless treated with an appropriate antibiotic. The 
severity and mortality are greater for men, elderly persons, and black 
men with glucose-6-phosphate dehydrogenase deficiency. Although, in 
theory, the disease is always curable by early, appropriate treatment, the 
case fatality rate is still 4 percent. The incidence of disease parallels the 
geographic distribution of infected Dermacentor variabilis ticks in the 
eastern United States and D. andersoni in the Rocky Mountain states, 
where the infection was first recognized. Rocky Mountain spotted fever 
was subsequently recognized in the eastern United States. The 
incidence has declined in the Rocky Mountain states and increased 
dramatically in the southeastern United States and Oklahoma. Currently 
most cases actually occur in the Atlantic states from Maryland to 
Georgia, as well as in Oklahoma, Missouri, Kansas, Ohio, Tennessee, 
Arkansas, and Texas, although cases are reported in nearly every state. 
In the southeastern states, the disease occurs during the seasonal 
activity of D. variabilis ticks (April through September) and affects 
children more frequently than adults. Significant changes in incidence do 
occur. From a low of 199 cases reported in 1959, the annual number of 
cases rose steadily to a peak of 1,192 cases in 1981, with a subsequent 
decline and plateau of approximately 700 cases since 1985. The 
reasons for these fluctuations are unclear. The rickettsiae are 
maintained in nature principally by transovarial transmission from 
infected female ticks to infected ova that hatch into infected larval 
offspring (Fig.1). A low rate of acquisition of rickettsiae by uninfected 
ticks occurs when the ticks feed upon small mammals with enough 
rickettsiae in their blood to establish tick infection. This effect replenishes 
lines of infected ticks that are occasionally killed by massive rickettsial 
overgrowth. A recently observed factor of potential importance in this 
balance of nature is the interference phenomenon, by which infection of 
ticks with nonpathogenic spotted fever group rickettsiae prevents the 
establishment of infection by R. rickettsii. 

Rickettsiae of the Spotted Fever and Typhus Groups 

Clinical Manifestations 
Rocky Mountain Spotted Fever: 

FIG. 1: Transovarian passage of R. rickettsii in the tick vector is an 
important cycle in maintaining the infection in nature from one 
generation of tick to another. 
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able to synthesize ATP via metabolism of glutamate. Adaptation to the 
intracellular environment is further evidenced in a variety of transport 
mechanisms to obtain crucial substances such as particular amino acids 
from cytoplasmic pools in the host cell. These adaptations and the 
presence of numerous independent metabolic activities demonstrate 
that rickettsiae are not degenerate forms of bacteria, but rather have 
evolved successfully for survival with an intracellular life-style. 

Rickettsiae are transmitted to humans by the bite of 
infected ticks and mites and by the feces of infected lice and fleas. They 
enter via the skin and spread through the bloodstream to infect vascular 
endothelium in the skin, brain, lungs, heart, kidneys, liver, 
gastrointestinal tract, and other organs (Fig. 1). Rickettsial attachment to 
the endothelial cell membrane induces phagocytosis, soon followed by 
escape from the phagosome into the cytosol (Fig. 3). Rickettsiae divide 
inside the cell. Rickettsia prowazekii remains inside the apparently 
healthy host cell until massive quantities of intracellular rickettsiae 
accumulate and the host cell bursts, releasing the organisms. In 
contrast, R. rickettsii leaves the host cell via long, thin cell projections 
(filopodia) after a few cycles of binary fission. Hence, relatively few R. 
rickettsii organisms accumulate inside any particular cell, and rickettsial 
infection spreads rapidly to involve many other cells. Perhaps because 
of the numerous times the host cell membrane is traversed, there is an 
influx of water that is initially sequestered in cisternae of cytopathically 
dilated rough endoplasmic reticulum in the cells more heavily infected 
with R. rickettsii. 

The bursting of endothelial cells infected with R. prowazekii is a dramatic 
pathologic event. The mechanism is unclear, although phospholipase 
activity, possibly of rickettsial origin, has been suggested. Injury to 
endothelium and vascular smooth muscle cells infected by R. rickettsii 
seems to be caused directly by the rickettsiae, possibly through the 

Pathogenesis: 

FIG. 3: Pathogenesis of the rickettsial agents illustrating unique 
aspects of their interactions with eukaryotic cells. 

Epidemic Typhus and Brill-Zinsser Disease 

Murine Typhus 

Epidemics of louse-borne typhus fever have had important effects on the 
course of history; for example, typhus in one army but not in the opposing 
force has determined the outcome of wars. Populations have been 
decimated by epidemic typhus. During and immediately after World War 
I, 30 million cases occurred, with 3 million deaths. Unsanitary, crowded 
conditions in the wake of war, famine, flood, and other disasters and in 
poor countries today encourage human louse infestation and 
transmission of R. prowazekii. Epidemics usually occur in cold months in 
poor highland areas, such as the Andes, Himalayas, Mexico, Central 
America, and Africa. Lice live in clothing, attach to the human host 
several times daily to take a blood meal, and become infected with R. 
prowazekii if the host has rickettsiae circulating in the blood. If the 
infected louse infests another person, rickettsiae are deposited on the 
skin via the louse feces or in the crushed body of a louse. Scratching 
inoculates rickettsiae into the skin. Between epidemics R. prowazekii 
persists as a latent human infection. Years later, when immunity is 
diminished, some persons suffer recrudescent typhus fever (Brill-
Zinsser disease). These milder sporadic cases can ignite further 
epidemics in a susceptible louse-infested population. In the United 
States Brill-Zinsser disease is seen in immigrants who suffered typhus 
fever before entering the country. In the eastern United States, sporadic 
human cases of R. prowazekii infection have been traced to a zoonotic 
cycle involving flying squirrels and their own species of lice and fleas. 

Murine typhus is prevalent throughout the world, particularly in ports, 
countries with warm climates, and other locations where rat populations 
are high. Rickettsia typhi is associated with rats and fleas, particularly 
the oriental rat flea, although other ecologic cycles (e.g., opossums and 
cat fleas) have been implicated. Fleas are infected by transovarian 
transmission or by feeding on an animal with rickettsiae circulating in the 
blood. Rickettsiae are shed from fleas in the feces, from which humans 
acquire the infection through the skin, respiratory tract, or conjunctiva. 
During the 1940s more than 4,000 cases of murine typhus occurred 
annually in the United States. The incidence declined coincident with 
increased utilization of the insecticide DDT. Although the infection and 
clinical involvement affects the brain, lungs, and other visceral organs in 
addition to the skin, mortality in humans is less than 1 percent. 

Rickettsia species 
include two antigenically defined groups that are closely related 
genetically but differ in their surface-exposed protein and 
lipopolysaccharide antigens. These are the spotted fever and typhus 
groups. The organisms in these groups are smaller (0.3 µm by 1.0 µm) 
than most Gram-negative bacilli that live in the extracellular 
environment. They are surrounded by a poorly characterized structure 
that is observed as an electron-lucent zone by transmission electron 
microscopy and is considered to represent a polysaccharide-rich slime 
layer or capsule. The cell wall contains lipopolysaccharides, a major 
component that differs antigenically between the typhus group and the 
spotted fever group. These rickettsiae also contain major outer 
membrane proteins with both cross-reactive antigens and surface-
exposed epitopes that are species specific and easily denatured by 

otemperatures above 54 C. The major outer membrane protein of typhus 
group rickettsiae has an apparent molecular mass of 120,000 Da. 
Spotted fever group rickettsiae generally have a pair of analogous 
proteins with some diversity of their molecular masses. Rickettsia 
prowazekii has a transport mechanism that exchanges ATP for ADP in its 
intracellular environment, thus providing a means to usurp host cell 
energy sources under favorable circumstances. Rickettsiae also are 

Structure, Classification, and Antigenic Types: 
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likelihood of a tick-borne spotted fever. Control of rodent populations and 
of the access of rats and mice to homes and other buildings may reduce 
human exposure to R. typhi and R. akari. Vaccines against spotted fever 
and typhus group rickettsiae have been developed empirically by 
propagation of rickettsiae in ticks, lice, embryonated hen eggs, and cell 
culture. Vaccines containing killed organisms have provided incomplete 
protection. A live attenuated vaccine against epidemic typhus has 
proved successful, but is accompanied by a substantial incidence of side 
effects, including a mild form of typhus fever in some persons. The 
presence of strong immunity in convalescent subjects indicates that 
vaccine development is feasible, but it requires further study of rickettsial 
antigens and the effective anti-rickettsial immune response. T-
lymphocyte-mediated immune mechanisms, including effects of the 
lymphokines, gamma interferon tumor necrosis factor, and interleukin-1, 
seem most important. 

Although the 
agents of scrub typhus bear a single taxonomic name, Orientia 
(Rickettsia) tsutsugamushi, these interrelated organisms are somewhat 
heterogeneous and differ strikingly from Rickettsia species of the 
spotted fever and typhus groups. 

 Patients with scrub typhus often have only 
fever, headache, and swollen lymph nodes and in some cases myalgia, 
gastrointestinal complains, or cough beginning 6 to 21 days following 
exposure to the vector. Fewer than half of the patients have an eschar at 
the site where the larval mite fed and the classic rash. The mortality 
varies but averages 7 percent without anti-rickettsial treatment. 

 Orientia (Rickettsia) 
tsutsugamushi is a very labile rickettsia that is particularly difficult to 
propagate and separate from the host cells in which it grows. In contrast 
with spotted fever group and typhus group rickettsiae, O. tsutsugamushi 
does not seem to possess lipopolysaccharides, peptidoglycan, a slime 
layer, or other T-independent antigens. The rickettsial cell wall consists 
of proteins linked by disulfide bonds. Antigenically distinguishable 
strains represent only part of what seems to be a great antigenic mosaic. 
Immunity to infection with the homologous strain wanes within a few 
years; cross-protective immunity to heterologous strains disappears 
within a few months. The reasons for this lack of long-term immunity are 
unclear. 

Orientia (Rickettsia) tsutsugamushi is injected into the 
skin during feeding by a larval trombiculid mite (chigger). An eschar often 
forms at this location. Rickettsiae spread via the bloodstream and 
damage the microcirculation of the skin (rash), lungs (pneumonitis), 
brain (encephalitis), and other organs. The generalized enlargement of 
lymph nodes is unique among rickettsial diseases. Orientia (Rickettsia) 
tsutsugamushi is phagocytosed by the host cell, escapes from the 
phagosome into the cytosol, divides by binary fission, and is released 
from projections of the cell membrane. The pathogenic mechanism of O. 
tsutsugamushi is not known. 

Scrub typhus occurs where chiggers infected with 
virulent rickettsial strains feed upon humans. Leptotrombidium deliense 
and other mites are found particularly in areas where regrowth of scrub 
vegetation harbors the Rattus species that are hosts for the mites. Some 
of these foci are quite small and have been referred to as mite islands. 
Because O. tsutsugamushi is transmitted transovarially from one 
generation of mites to the next, these dangerous areas tend to persist for 
as long as the ecologic conditions, including scrub vegetation, persist. 
Truly one of the neglected diseases, scrub typhus occurs over a vast 
area, including Japan, China, the Philippines, New Guinea, Indonesia, 
other islands of the southwest Pacific Ocean, southeastern Asia, 

Orientia (Rickettsia) tsutsugmushi and Scrub Typhus: 

Clinical Manifestations:

Structure, Classification, and Antigenic Types:

Pathogenesis: 

Epidemiology: 

activity of a rickettsial phospholipase or rickettsial protease or through 
free-radical peroxidation of host cell membranes. Host immune, 
inflammatory, and coagulation systems are activated and appear to 
benefit the patient. Cytokines and inflammatory mediators account for 
an undefined part of the clinical signs. Rickettsial lipopolysaccharide is 
biologically relatively nontoxic and does not appear to cause the 
pathogenic effects of these rickettsial diseases. The pathologic effects of 
these rickettsial diseases originate from the multifocal areas of 
endothelial injury with loss of intravascular fluid into tissue spaces 
(edema), resultant low blood volume, reduced perfusion of the organs, 
and disordered function of the tissues with damaged blood vessels (e.g., 
encephalitis, pneumonitis, and hemorrhagic rash). 

Diagnosis of rickettsial infections is often difficult. The 
clinical signs and symptoms (e.g., fever, headache, nausea, vomiting, 
and muscle aches) resemble many other diseases during the early 
stages when antibiotic treatment is most effective. A history of exposure 
to the appropriate vector tick, louse, flea, or mite is helpful but cannot be 
relied upon. Observation of a rash, which usually appears on or after day 
3 of illness, should suggest the possibility of a rickettsial infection but, of 
course, may occur in many other diseases also. Knowledge of the 
seasonal and geographic epidemiology of rickettsioses is useful, but is 
inconclusive for the individual patient. Except for epidemic louse-borne 
typhus, rickettsial diseases strike mostly as isolated single cases in any 
particular neighborhood. Therefore, clinico-epidemiologic diagnosis is 
ultimately a matter of suspicion, empirical treatment, and later laboratory 
confirmation of the specific diagnosis. Because rickettsiae are both 
fastidious and hazardous, few laboratories undertake their isolation and 
diagnostic identification (Fig. 4). Some laboratories are able to identify 
rickettsiae by immunohistology in skin biopsies as a timely, acute 
diagnostic procedure, but to establish the diagnosis physicians usually 
rely on serologic demonstration of the development of antibodies to 
rickettsial antigens in serum collected after the patient has recovered. 

These bacteria can be cultivated as indicated, but 
use of serology is more common. 

Although early treatment with doxycycline, tetracycline, or 
chloramphenicol is effective in controlling the infection in the individual 
patient, this action has no effect on rickettsiae in their natural ecologic 
niches (e.g., ticks). Human infections are prevented by control of the 
vector and reservoir hosts. Massive delousing with insecticide can abort 
an epidemic of typhus fever. Prevention of attachment of ticks and their 
removal before they have injected rickettsiae into the skin reduces the 

Diagnosis: 

Control: 

Currently, assays that demonstrate antibodies to rickettsial antigens 
themselves i.e. Weil-Felix test that is based on the cross-reactive 
antigens of OX-19 and OX-2 strains of Proteus vulgaris is used. 

FIG. 4: Laboratory methods used in confirming a diagnosis of 
rickettsial infection. 
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Coxiella burnetii and Q Fever 

Clinical manifestations of Q fever. 

Coxiella burnetii is sufficiently different genetically from the other 
rickettsial agents that it is placed in a separate group. Unlike the other 
agents, it is very resistant to chemicals and dehydration. Additionally, its 
transmission to humans is by the aerosol route, although a tick vector is 
involved in spread of the bacteria among the reservoir animal hosts. 

 Q fever is a highly variable disease, ranging 
from asymptomatic infection to fatal chronic infective endocarditis. 
Some patients develop an acute febrile disease that is a nonspecific 
influenza-like illness or an atypical pneumonia. Other patients are 
diagnosed after identification of granulomas in their liver or bone 
marrow. The most serious clinical conditions are chronic C. burnetii 
infections, which may involve cardiac valves, the central nervous 
system, and bone. 

Coxiella burnetii is an 
obligately intracellular bacterium with some peculiar characteristics. It is 
small, generally 0.25 µm by 0.5 to 1.25 µm. However, there is 
considerable ultrastructural pleomorphism, including small- and large-
cell variants and possible endospore-like forms, suggesting a 
hypothetical developmental cycle. Among rickettsiae, C. burnetii is the 
most resistant to environmental conditions, is the only species that 
resides in the phagolysosome, is activated metabolically by low pH, and 
has a plasmid. The extensive metabolic capacity of C. burnetii suggests 
that its obligate intracellular parasitism is a highly evolved state rather 
than a degenerate condition. The cell wall is typical of Gram-negative 
bacteria and contains peptidoglycan, proteins, and lipopolysaccharide. 
When propagated under laboratory conditions in embryonated eggs or 
cell culture, C. burnetii undergoes phase variation analogous to the 
smooth to rough lipopolysaccharide variation of members of the 
Enterobacteriaceae. Phase I is the form found in nature and in human 
infections. The phase II variant contains truncated lipopolysaccharide, is 
avirulent, and is a poor vaccine. 

Human Q fever follows inhalation of aerosol particles 
derived from heavily infected placentas of sheep, goats, cattle, and other 
mammals. Coxiella burnetii proliferates in the lungs, causing atypical 
pneumonia in some patients. Hematogenous spread occurs, particularly 
to the liver, bone marrow, and spleen. The disease varies widely in 
severity, including asymptomatic, acute, subacute, or chronic febrile 
disease, granulomatous liver disease, and chronic infection of the heart 
valves. The target cells are macrophages in the lungs, liver, bone 
marrow, spleen, heart valves, and other organs. Coxiella burnetii is 
phagocytosed by Kupffer cells and other macrophages and divides by 
binary fission within phagolysosomes. Apparently it is minimally harmful 
to the infected macrophages. Different strains have genetic and 
phenotypic diversity. The lipopolysaccharides are relatively 
nonendotoxic. Host-mediated pathogenic mechanisms appear to be 
important, especially immune and inflammatory reactions, such as T-
lymphocyte-mediated granuloma formation. 

Coxiella burnetii infects a wide variety of ticks, domestic 
livestock, and other wild and domestic mammals and birds throughout 
the world. Most human infections follow exposure to heavily infected 
birth products of sheep, goats, and cattle, as occurs on farms, in 
research laboratories, and in abattoirs. Coxiella burnetii is also shed in 
milk, urine, and feces of infected animals. Animals probably become 
infected by aerosol and by the bite of any of the 40 species of ticks that 
carry the organisms. 

Clinical diagnosis depends upon a high index of suspicion, 
careful evaluation of epidemiologic factors, and ultimately, confirmation 

Clinical Manifestations:

Structure, Classification, and Antigenic Type: 

Pathogenesis: 

Epidemiology: 

Diagnosis: 

northern Australia, India, Sri Lanka, Pakistan, Russia, and Korea. 
Recognized in western countries mainly because of large numbers of 
infections of military personnel during World War II and the Vietnam War, 
scrub typhus perennially affects native populations. Reinfection and 
undiagnosed infections are highly prevalent. Mortality ranges from 0 to 
35 percent and has not been correlated with any specific factor. 

Classic textbook cases with fever, headache, eschar, and 
rash are far outnumbered by cases that lack rash or eschar. Such cases 
are usually misdiagnosed. Laboratory diagnosis is unavailable in many 
areas where scrub typhus occurs. Isolation of rickettsiae requires 
inoculation of mice or cell culture. Serologic diagnosis is made by 
specific methods (indirect fluorescence antibody test or enzyme 
immunoassay) or by the older method of demonstrating cross-reactive 
antibodies that agglutinate the OXK strain of P. mirabilis. 

Scrub typhus can be treated with doxycycline, tetracycline, or 
chloramphenicol. Chigger repellents may prevent exposure. 
Prophylaxis with weekly doses of doxycycline during and for 6 weeks 
after exposure protects against scrub typhus. Attempts to develop a 
safe, effective vaccine have failed. 

According to the evolutionary scheme suggested by 16S rRNA 
sequence homology, ehrlichiae are genetically related to Rickettsia 
species. The genus Ehrlichia contains Gram-negative bacteria that 
reside in a cluster (morula) within membrane-bound cytoplasmic 
vacuoles of monocytes and macrophages, or polymorphonuclear 
leukocytes. Ehrlichiae have been implicated as the agents of diseases of 
horses (E. risticii and E. equi), dogs (E. canis, E. ewingii and E. platys, a 
platelet pathogen), and other animals. Ehrlichia sennetsu causes a 
human disease in Japan resembling infectious mononucleosis. 
Ehrlichiae are unusual in their cell wall structure and they can establish 
persistent infections. In 1987 the first case of human ehrlichiosis was 
reported in the United States. A severely ill man with multiorgan system 
involvement had morula inclusions demonstrated in peripheral blood 
leukocytes. Subsequently, cases of human monocytic ehrlichiosis have 
been documented mainly in eastern and southern states between New 
Jersey and Texas. The infection has varied from severe and sometimes 
fatal, mimicking Rocky Mountain spotted fever, to oligosymptomatic and 
asymptomatic forms. A history of tick bite and the seasonal and 
geographic occurrence correlate with the predominant tick vector, 
Amblyomma americanum. Illness is often accompanied by leukopenia, 
thrombocytopenia, and damage to the liver. Lesions include 
perivasculitis in the central nervous system, kidney, heart, and lungs and 
granulomas in the bone marrow and liver. Clinical diagnosis is difficult. 
Laboratory diagnosis by indirect fluorescence antibody assay or 
polymerase chain reaction is not widely available. Ehrlichia chaffeensis 
morulae are difficult to detect in peripheral blood leukocytes. In 1994 
another serious new infectious disease, human granulocytic 
ehrlichiosis, was reported. Ehrlichiae seen within morulae in neutrophils 
in smears of peripheral blood were identified as very closely related to E. 
phagocytophila (a European tick-transmitted infection of sheep, cattle, 
goats, and deer) and E. equi. The causative organism, like other 
granulocytic ehrlichiae, has never been cultivated. Human granulocytic 
ehrlichiosis has been associated with the deer tick, Ixodes scapularis, 
and thus is found as far north as Minnesota, Wisconsin, and New 
England. Laboratory diagnosis is practically achieved by visualizing 
morulae in neutrophils, as serology and polymerase chain reaction for 
the agent are presently research procedures. Sometimes fatal, human 
granulocytic ehrlichiosis, like E. chaffeensis infection, can be treated 
effectively with doxycycline. 

Diagnosis: 

Control: 

Ehrlichia 
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Microbiology  

Epidemiology: 

Clinical syndromes: 

Laboratory diagnosis: 

Treatment, prevention and control: 

Epidemiology: 

Clinical syndromes: 

Laboratory diagnosis: 
Treatment: 

The Bartonella are small, Gram-negative aerobic bacilli that are difficult 
to grow in culture. They are found in many different animals but they 
cause no apparent disease in animals. Insects are thought to be vectors 
in human disease. Some species are able to infect erythrocytes while 
others simply attach to host cells. Table 2 summarizes the organisms 
and the diseases they cause.

Organism Disease

B. quintana  (formerly Trench fever (shin-bone fever, 5 day 
Rochalimaea quintana) fever), bacillary angiomatosis, bacillary 

peliosis endocarditis

B. henselae Cat-scratch d isease,  baci l lary 
angiomatosis, bacillary peliosis 
endocarditis

B. bacilliformis Oroya fever (bartonellosis, Carrion's 
disease)

B. elizabethae Endocarditis (rare)

Trench fever is a disease associated with war. The 
vector is the human body louse and there is no known reservoir except 
man. Transovarian transmission in the louse does not occur. The 
organism is found in the feces of the louse and is inoculated into humans 
by scratching. The cycle is human to louse to human.

Infection with B. quintana can result in 
asymptomatic to severe debilitating illness. Symptoms include fever, 
chills, headache and severe pain in the tibia. A maculopapular rash may 
or may not appear on the trunk. The symptoms may reappear at five day 
intervals and thus the disease is also called five day fever. Mortality rates 
are very low.

Serological tests are available but only in 
reference laboratories. PCR based tests have been developed.

Various antibiotics have been 
used to treat trench fever. Measures to control the body louse are the 
best form of prevention.

Cat-scratch disease is acquired after exposure to cats 
(scratches, bites, and possible cat fleas).

The disease in usually benign, characterized by 
chronic regional lymphadenopathy.

Serological tests are available.
The disease does not appear to respond to antimicrobial 

therapy.

Table 2

B. quintana (Trench fever)

B. henselae - (Cat-scratch disease)

by serologic testing. Although C. burnetii can be isolated by inoculation 
of animals, embryonated hen eggs, and cell culture, very few 
laboratories undertake this biohazardous approach. Likewise, the 
diagnosis is seldom made by visualization of the organisms in infected 
tissues. Acute Q fever is diagnosed by demonstration of the 
development of antibodies to protein antigens of C. burnetii phase II 
organisms. Chronic Q fever endocarditis is diagnosed by demonstration 
of a high titer of antibodies, particularly IgG and IgA, against the 
lipopolysaccharide antigens of C. burnetii phase I organisms in patients 
with signs of endocarditis whose routine blood cultures contain no 
organisms. 

Antibiotic treatment is more successful in ameliorating acute, 
self-limited Q fever than in curing life-threatening chronic endocarditis. 
Reduction in exposure to these widespread organisms is difficult 
because some serologically screened animals that have no detectable 
antibodies to C. burnetii still shed organisms at parturition. Persons with 
known occupational hazards (e.g., Australian abattoir workers) have 
benefitted from a vaccine composed of killed phase I organisms. This 
vaccine is not readily available, but offers promise for development of 
safe, effective immunization. 

It has been recognized recently that organisms thought to be closely 
related to rickettsiae such as the louse-borne causative agent of trench 
fever, Bartonella (formerly Rochalimaea) quintana, in fact, belong in the 
genus Bartonella. These bacteria can be cultivated in cell-free medium 
and hence do not fit the criterion of definition of rickettsiae as obligately 
intracellular bacteria. Bartonella quintana infections were a serious 
medical problem during World War I. Soldiers in the trenches were 
infested with body lice that passed B. quintana in their feces onto the 
skin. Individuals who have recovered from trench fever continue to have 
R. quintana circulating in this stage of infection and may serve as 
sources of infection for lice, which can transmit the infection to others. In 
association with the AIDS epidemic, another species B. henselae (in 
addition to B. quintana) has been discovered to be the cause of 
opportunistic infections often masquerading as hemangioma-like 
lesions of skin and visceral organs, bacillary angiomatosis. Bartonella 
henselae was recognized subsequently to be the long sought after 
cause of cat scratch disease, which usually manifested as a self-limited 
enlargement and inflammation of lymph nodes of several months 
duration in the regional drainage of a cat scratch or bite. Bartonella 
bacilliformis transmitted by the sandfly in certain regions of Western 
South America invades human red blood cells, causing acute, often 
severe, hemolytic anemia. In chronic infections, there are skin lesions 
known as verruga peruana (Peruvian warts) that are similar to those of 
bacillary angiomatosis. A Peruvian medical student, Daniel Carrion, 
proved these lesions to be caused by an infectious agent in 1885 when 
he fatally inoculated himself with material from a verruga peruana. He 
died of the acute infectious hemolytic anemia known today as Oroya 
fever or, in his memory, Carrion's disease. 

Control: 

Bartonella 
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INTERPRETATION
For example, to determine patient's blood type the red blood cells of the 
person can be mixed with antibody to a blood group antigen. Another 
example is that to assay the presence of antibodies in a patient  sample, 
the serum of the patient is mixed with the red blood cell (RBC) of a known 
blood type.

To measure the level of antibodies to particulate antigens, agglutination 
test can be widely used. For this test, serial dilutions of the sample can be 
made and it is tested for antibody. Then a fixed amount of particulate 
antigen or bacteria or red blood cells can be added to it. Determine the 
maximum dilution which forms agglutination and this maximum dilution 
which gives observable agglutination is known as the titer. The results is 
shown as the reciprocal of the maximum dilution that forms visible 
agglutination.

The sensitivity and simplicity of agglutination reactions can be extended 
to soluble antigens by the technique of passive heme agglutination. In 
this technique, antigen coated red blood cells are prepared by mixing a 
soluble antigen with a red blood cells that have been treated with tannic 
acid or chromium chloride, both of which promote adsorption of antigen 
to the surface of the cells. However, it is possible to coat erythrocytes 
with a soluble antigen (e.g.. viral antigen, a polysaccharide or a hapten) 
and use the coated red blood cells in an agglutination test for antibody to 
the soluble antigen.

 is loaded to each well of 
the microtiter plate, after that antigen coated red blood cells is applied to 
each well. The characteristic pattern of agglutinated red blood cells on 
the wells is used as a tool for assaying the agglutination reactions. If the 
antigen is particulate, then the antigen can react with the antibody in the 
serum  and results in the clumping of antigen which shows a positive 
result.

 there has been a shift away from red blood 
cells to synthetic particles, such as latex beads. The preparation can 
either be used immediately or stored for later use. The use of synthetic 
beads offers the advantages of consistency, uniformity, and stability. 
Furthermore, agglutination reactions employing synthetic beads can be 
read rapidly, often within 3 to 5 minutes of mixing the beads with the test 
sample. Whether based on red blood cells or the more convenient and 
versatile synthetic beads, agglutination reactions are simple to perform, 
do not require expensive equipment, and detect small amount of 
antibody (concentrations as low as nanograms per millilitre).

 of the latex particle by the 
antibody molecules that specifically attach to the antigenic determinants 
on the surface of the particles. There is a formation of large lattices 
through these cross links and these large lattices sediment readily due to 

Quantitative agglutination test

Passive Hemagglutination

Serially diluted serum which contain antibody

Over the past several years,

The initial step in the test is the linking together

LATEX AGGLUTINATION TESTS
Principle

Agglutination Reactions

Latex agglutination is observed

Latex agglutination tests have been applied

There is no agglutination can be observed

 when a sample containing the specific 
antigen (or antibody) is mixed with an antibody (or antigen) which is 
coated on the surface of latex particles.

 in clinical laboratories for the 
detection of infectious diseases and in 1956 Singer and Plotz first 
described Rheumatoid Factor Test, a test based on latex agglutination. 
In rheumatoid arthritis (RA), IgG antibodies produced by lymphocytes in 
the synovial joint react with the IgM antibodies (RF, rheumatoid factor) to 
generate immune complexes that activate the complement and cause 
the tissue destruction. The RA is of diagnostic significance.

 autoimmune 
diseases, hormones, drugs and serum proteins have been developed 
and marketed by many companies worldwide. The principle is used for 
the diagnosing many infections such as Hepatitis B, H.influenzae, N. 
meningitidis, etc.. All methods of detecting or quantitating antigen or 
antibody take advantage of the fact that they react to form a complex. At 
the optimum antigen-antibody concentration, this complex precipitates 
out. However, if the antigen is particulate in nature, agglutination of 
antigen-antibody complex is observed.

The reaction between a particulate antigen and an antibody results in 
visible clumping called agglutination. Antibodies that produce such 
reactions are known as agglutinins. The principle of Agglutination 
reactions are similar  to precipitation reactions; they depend on the cross 
linking of polyvalent antigens. When the antigen is an erythrocyte it is 
called hemagglutination.Theoretically all antibodies can agglutinate 
particulate antigens but IgM, due to its high specificity is a particularly 
good agglutinin.

 when the concentration of 
antibody is high, (lower dilutions), and then the sample is diluted, 
agglutination occurs. Prozone effect is defined as the invisibility of 
agglutination at high concentrations of antibodies. It is due to the reason 
that excess antibody forms very minute complexes that do not clump to 
form visible agglutination.

Agglutination tests can be used in a qualitative manner to assay for the 
presence of an antigen or an antibody. The antibody is mixed with the 
particulate antigen and a positive test is indicated by the agglutination of 
the particulate antigen.

Since then, tests to detect microbial and viral infections,

Qualitative agglutination test
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ion to the spheres  surface which is exposed to the water phase. Other 
hydrocarbons and its derivatives are also used for the production of the 
uniform latex particles, some of the examples are stryrene-
dlvinylbenzene, polymethyl methacrylate, styrene vinyl toluene, 
polyvinyl toluene etc.

 is evolved from synthetic rubber 
production and also the emulsion have a milky appearance, the term 
latex is given to it .The desired diameter of latex particle can be made by 
modifying the process of preparation, hydrocarbons, the surfactants and 
the initiator. The particle size of latexes are usually ranges between 
0.05µm to 2µm. Because of the presence of sulfate and sulfonate ions 
on the surface of the particle which  provides a inherent negative surface 
charge to the particle.

 and surface treated to facilitate 
the binding stability and to increase analyte attachment. Functional 
treatments such as amidation, amination, carboxylation, hydroxylation 
and even magnetization is used to increase the properties of latex 
particles. Also various colors of latex particles are available 
commercially which facilitate the visual read –out.

 to detect certain antigens 
or antibodies in a variety of bodily fluids such as blood, saliva, urine or 
cerebrospinal fluid. The sample to be tested is sent to the lab and where 
it mixed with latex beads coated with a specific antigen or antibody. The 
clumping of latex beads (agglutination) indicates the presence of 
suspected particles.

 They are,

1. Ability to obtain semi quantitative results.

2. A low individual test cost.

3. Relatively short time to obtain results.

 of specimens we can obtain the 
semi quantitative results. Latex agglutination test have some 
disadvantages also which include

1. Need to carefully interpret marginal results and

2. Problems with specificity due to interfering substances in many 
assays.

 of an agglutinated pattern showing 
clearly visible clumping of the latex particles. Negative result will show no 
agglutination and the milky appearance remains unchanged throughout 
the test.

The process of latex particle production

The latex particles can be functionalized

The latex agglutination test is a clinical method

Latex agglutination test includes some of the advantages.

By performing 2- to 10-fold dilutions

Positive result will show development

the large size of clumps and are visible to the unaided eye within 
minutes. The degree of agglutination can be determined by plotting the 
aggutinant  concentration which gives a bell shaped curve. The antigen-
antibody complexes can be magnified using the latex particles. Many of 
the latex agglutination tests are performed manually and  detected by 
visual observation. To determine agglutination there must contain about 
100 clumps, and these clumps must be of about 50 micrometer in size to 
be seen by eye.

If the antibody is incubated with antigen prior to mixing with latex, 
agglutination is inhibited; this is because free antibodies are not 
available for agglutination. In agglutination inhibition, the absence of 
agglutination is diagnostic of antigen, provides a high sensitive assay for 
small quantities of antigen. For example home pregnancy kits contain 
human chorionic gonadotropin (HCG hormone) coated latex particle and 
antibody to HCG. A pregnant woman urine contain HCG which is 
secreted by the developing placenta after fertilization. The addition of 
urine containing HCG, inhibits agglutination of latex particles when the 
anti-HCG antibody is added; and  thus the pregnancy is indicated by the 
absence of agglutination

Emulsion polymerization is the procedure that is applied for the 
preparation of latex particles. Firstly the styrene is mixed with the 
surfactant (sodium dodecyl sulfate) solution, forms a billions of 
emulsified micelles which are in uniform diameter. Then a little amount of  
potassium persulfate is added to it which is a water soluble 
polymerization initiator. When the polymerization process is finished, the 
polystyrene chains are arranged into the micelles. The hydrocarbon  part 
of the polystyrene chain is attached to the center and the terminal sulfate 

Agglutination Inhibition Reactions

The Latex Particles
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BOUQUET

In Lighter Vein

Wisdom Whispers

Brain Teasers

ANSWERS: 1.D, 2.D, 3. D, 4. C

1. Which of the following investigations is not tested by 
competitive ELISA? 
A. DHEA-S 
B. Estradiol (E2) 
C. Cortisol 
D. LH. 

2. Analyte tested by immunocapture ELISA method are: 
A. TORCH infections 
B. HAV IgM 
C. HBc IgM 
D. All of the above.

3. Of the following which is not used as a substrate for ELISA-
based systems? 
A. TMB (tetra-methyl benzidine) 
B. OPD (o-phenylenediamine) 
C. DAB [diaminobenzidine (with enzyme HRP)] 
D. Luminal. 

4. Which of the following is a qualitative ELISA? 
A. hPRL 
B. LH 
C. HIV 
D. FSH.

A man asks a farmer near a field, “Sorry sir, would you mind if I 
crossed your field instead of going around it? You see, 
I have to catch the 4:23 train.”
The farmer says, “Sure, go right ahead. And if my bull sees 
you, you'll even catch the 4:11 one.”
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TROUBLESHOOTING Positive test results

Negative test results

Medications

Early miscarriage

If the test result is positive, you're almost 
certainly pregnant. Contact your GP 
surgery as soon as possible. Because 
home pregnancy tests are so accurate, 
your GP may not repeat the test.
If you want to continue with your pregnancy, it's a good idea to start your 
antenatal care as soon as possible. If you're not sure whether you want 
to continue with the pregnancy, you can find more information about your 
options here: Am I pregnant?
If you want to know when the baby is due, you can use our pregnancy 
due date calculator. 

If the test result is negative, you may not be pregnant. However, negative 
results are less reliable. For example, if you do a pregnancy test too 
early, you could be pregnant, but there may not be enough HCG in your 
body to give a positive test result.
Pregnancy tests vary in their sensitivity (how soon they can detect HCG 
and what level of HCG needs to be present). You can find information on 
the packaging about how sensitive your test is.
If you still think you're pregnant after a negative result, wait a few days 
and try again. Speak to your GP if you get a negative result after a 
second test but your period hasn't arrived.

Some medications can affect test results, including:
lpromethazine – used to treat conditions such as allergies 
lmedicines used to treat Parkinson's disease 
lsleeping tablets (hypnotics) 
ltranquillisers 
ldiuretics (medicines that increase the amount of urine produced) – 

used to treat conditions such as heart failure 
lanticonvulsants (medicines that prevent seizures or fits) – used to 

treat conditions such as epilepsy  
lmedicines used for infertility 

If you're taking any medication, the patient information leaflet that comes 
with it will tell you if it affects test results. You can also ask a pharmacist. 

If your first pregnancy test result is positive, but a later one is negative or 
your period arrives, it's possible you've had an early miscarriage. Speak 
to your GP or midwife for advice

HOME PREGNANCY TESTS
Home pregnancy tests are accurate as long as you follow the 
instructions correctly.
A positive test result is almost certainly correct. However, a negative test 
result is less reliable. The result may not be reliable if you:
ldon't follow the instructions properly 
ltake the test too early 
Some medications can also affect the results.

  

When you become pregnant, your body produces the pregnancy 
hormone, human chorionic gonadotrophin (HCG). Home pregnancy 
tests detect HCG in your urine.
You can take most pregnancy tests from the first day of your missed 
period. Tests carried out earlier than this are not always accurate. For 
more information, see How soon can I do a pregnancy test?
Check the instructions to make sure you can do the test at any time of 
day. It's usually best to take the test first thing in the morning as your urine 
will have the highest concentration of hormones at this time.
Avoid drinking too much fluid beforehand, as this can dilute the level of 
HCG in your urine. 

Carrying out a test
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Key Features

l
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200 programming locations.

Accurately executes

Easy programming of analytes

30 µl Flow cell.

3000 tests internal memory.

2 Level controls can be programmed for 
each chemistry.

Real Time Graphs for Two Point & Kinetic 
tests.

Auto Diagnostics feature on start.

l

l
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l

l

l

l

l

l

Programmable lamp save option.

Facility to print patient's details.

Dual measuringmode-Flow cell & cuvette.

Ascoustic signalling for ON & OFF of 
Aspiration process.

Dedicated wash push button.

7 inch Multicolour TFT display.

Built in SCM touch panel.

Optional External key board connectivity.

In-Built Graphic thermal printer.
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