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ABSTRACT
Legionellae has a worldwide distribution though the actual statistics especially in the
tropics has not been established. In human history, numerous infectious diseases have
emerged and re-emerged. Understanding the dynamics of emerging and reemerging
infections is critical to efforts to reduce the morbidity and mortality of such infections, to
establish policy related to preparedness for infectious threats, and for decisions on where
to use limited resources in the fight against infections. Reports of legionnaires disease in
developing countries especially from Africa have been sparse. The real magnitude of the
problem is therefore unknown and it may be responsible for some of the cases of
pneumonia than is generally recognized. Lack of appropriate legionella diagnostic and
surveillance systems, and limited resources in Kenya and other African countries
contribute to the situation.
Initiation of appropriate therapy has always been associated with improved outcome
therefore discovery of even a single case would be an important sentinel of indicating the
likelihood of detecting undiscovered cases. This study investigated the occurrence of
L.pneumophila in pneumonia patients and possible association with risk factors in the
group that is positive for infection
Research Hypothesis:
There are cases of Legionella pneumophila infection that go undiagnosed among patients
presenting at Kenyatta National Hospital with signs and symptoms suggestive of
pneumonia.
Objectives
1 To determine the occurrence of L.pneumophila among patients admitted at
Kenyatta National Hospital medical ward with signs and symptoms suggestive of
pneumonia.
2. To determine possible risk factors for those who are infected with L.pneumophila.
3. To determine the association between risk factors and infection with
L.pneumophila.



Study Design: A cross-sectional descriptive study was carried out between March and
June, 2007.

Setting: The medical ward of Kenyatta National Hospital, Nairobi.

Study population: The study population comprised of patients admitted with a provisional
diagnosis for pneumonia.

Sample size: One hundred and twenty pneumonia patients who satisfied the inclusion
criteria were obtained by consecutive sampling

Ethical Consideration: Informed consent was obtained from the participants. Approval to
carry out the study was obtained from the Kenyatta National Hospital Research and
Ethics Committee, and the Chairman of the Department of Internal Medicine, Kenyatta
National Hospital.

Methodology: The ELISA technique was used to analyze the urine samples for the
presence of L. pneumophila antigen..

Results

The findings indicated that up to 9.2% (11 out of 120) of patients admitted at the medical
ward of Kenyatta National Hospital due to signs and symptoms suggestive pneumonia
between March and June were infected with L. pneumophila.

At a confidence limit of 0.05, there was statistical significance in the number of
pneumonia patients infected with L. pneumophila and exposure to air conditioners (p=
0.003). 22.58% of patients who were exposed to air conditioners were positive for L
pneumophila urinary antigen. There was a statistical significance between exposure to air
conditioners and location of work area (p= 0.001)). 38.46% of those who worked indoors
were exposed to air conditioners.

There was also statistical significance in the number of pneumonia patients infected with
L pneumophila and a history of a past or concurrent respiratory illness (p=0.021). 14.2%
of all respondents who had a history of past or concurrent respiratory illness were
positive for L. pneumophila urinary antigen.

Exposure to air conditioners is a key predisposing factor to infection with L.pneumophila
and there is need for public health education on routine inspection and maintenance of air

conditioners and hot water systems.



rHAPTER ONE

INTRODUCTION

Since the epidemic of legionnaires disease in Philadelphia in 1976 and the description of
the causative agent Legionella pneumophila, there have been several reports of outbreaks

and single cases throughout the world.

Legionella pneumophila is recognized as one of the causes of atypical pneumonia, both
community acquired and nosocomiall The incidence of community acquired
Legionnaires disease varies widely according to the setting investigated and the
diagnostic methodology applied. Since many countries lack appropriate methods of
diagnosing the infection or surveillance systems capable of monitoring the situation, the
real magnitude of the problem is unknown and it may be responsible for more of the
pneumonia occurring in the tropics than is generally recognized. Infections of any kind
can be recognized more accurately with increased physician awareness and availability of
diagnostic tools. Serological tests are mainly applied as epidemiological tools and can
only be useful in diagnosis of disease when the background prevalence of antibody to
L.pneumophila within the local community is established thereby providing a correct
guide for interpretation of serological tests. However reliability of serological testing is
hampered by several limitations including cross reactions due to antibodies to
Pseudomonas aeruginosa and Campylobacter spp. The need for testing of paired serum
samples collected 3 to 6 weeks apart also diminishes the use of antibody testing in
serology tests. Urine antigen is now the most frequently used diagnostic test permitting

early diagnosis, initiation of appropriate therapy and a rapid public health response.

Prevalence surveys have been conducted in several countries all over the world. In the
developed countries concrete systems of surveillance of legionella in the environment
and monitoring of reports of legionellosis outbreaks have been established though the
Center for Disease Control (in USA) and the European Working Group for Legionella

Infections (EWGLI). The disease is a major concern of public health professionals and



individuals involved in maintaining building water systems. Studies have estimated that
between 8000 and 18000 persons are hospitalized with legionellosis annually in the
United States of Americal In 2003, 34 countries (population: 467.76 million) out of the
36 in the EWGLI reported a total of 4578 cases, meaning an average rate across Europe
of 9.8 per million populations. Reports of legionnaire’s disease in developing countries
especially from Africa have been sparse. Studies of antibody prevalence across the
continent are few and legionellosis is hardly considered during differential diagnosis of
respiratory infections. Failure to diagnose legionellosis is largely due to lack of clinical

awareness.

The factors that lead to outbreaks or cases of Legionnaires’ disease are not completely
understood, but certain events are considered prerequisites for infection. These include
the presence of the bacterium in an aquatic environment, amplification of the bacterium
to an unknown infectious dose, and transmission of the bacteria to a human host that is

susceptible to infection .

Kenya has witnessed an expansion of its urban centers in the last decade, with increased
usage of facilities such as air conditioners and hot water systems both of which are main
man-made habitats of legionella. Factors that have been observed in other places to
predispose one to infection with legionella such as cigarette smoking are also present in
our setting making it possible that legionellosis could be an under-reported and under-
diagnosed disease. The aim of this study was to investigate what proportion of
pneumonia patients at the medical ward are excreting L.pneumophila antigen and
evaluating for possible risk factors in the positive group using demographic and clinical
data. The study also generated useful data on socio-demographic factors of pneumonia
patients in general.



rHAPTER TWO

| ITERATURE REVIEW

Despite a substantial disease burden, there is little descriptive epidemiology of acute
pneumonia in sub-Saharan Africa.

Pneumonia in general

Pneumonia is an inflammation of the lung that is most often caused by infection with
bacteria, viruses, or other organisms. Occasionally, inhaled chemicals that irritate the
lungs can cause pneumonia. Healthy people can usually fight off pneumonia infections.
However, people who are sick have weakened immune systems that make it easier for
bacteria to grow in their lungs4. Symptoms of pneumonia are shortness of breathe,

shallow breathing, chest pain, coughing, fever and chills.

Pneumonia may be defined according to its location in the lung- either as lobar
pneumonia, which occurs in a lobe of the lung, or as bronchopneumonia which tends to

be scattered throughout the lung.

One may also classify pneumonia based on where the disease is contracted. This helps
predict which organisms are most likely responsible for the illness and, therefore, which
treatment is most likely to be effective. It can be Community-Acquired Pneumonia3
(CAP) in which infection is contracted outside a hospital setting. One of the most
common causes of bacterial CAP is Streptococcus pneumoniae. Other causes include
Haemophilus influenzae, Mycoplasma pneumoniae, and Chlamydia spp. The pneumonia
can be hospital-acquired (nosocomial) in which infection of the lungs is contracted during
a hospital stay. This type of pneumonia tends to be more severe, because hospital patients
already have weakened defense mechanisms. Hospital patients are particularly vulnerable
to Gram-negative bacteria like Haemophilus influenzae, Klebsiella pneumoniae,
Pseudomonas aeruginosa, Moraxella catarrhalis, Neisseria meningitidis. Staphylococcus
aureus has also been implicated as a cause. A subgroup of hospital-acquired pneumonia
is ventilator-associated pneumonia (VAP), a highly lethal form contracted by patients on

ventilators in hospitals and long-term nursing facilities.



Pneumonia-causing agents reach the lungs through different routes. In most cases, a
person breathes in the infectious organism, which then travels through the airways to the
lungs. Sometimes, the normally harmless bacteria in the mouth, or on items placed in the
mouth, can enter the lungs. This usually happens if the body's "gag reflex," an extreme
throat contraction that keeps substances out of the lungs, is not working properly.

Infections can also spread through the bloodstream from other organs to the lungs4.

Atypical pneumonias are generally caused by: Mycoplasma pneumoniae, Chlamydia
pneumoniae, and Legionellae pneumophila. Mycoplasma pneumoniae often affects
younger people and may be associated with symptoms outside of the lungs (such as
anemia and rashes), and neurological syndromes (such as meningitis, myelitis, and
encephalitis). Severe forms of Mycoplasma pneumonia have been described in all age
groups. Pneumonia due Chlamydia occurs year round and accounts for 5-15% of all
pneumonias. It is usually mild with a low mortality rate. In contrast, atypical pneumonia
due to Legionellae accounts for 2-6% of pneumonias and has a higher mortality rate.
Elderly individuals, smokers, and people with chronic illnesses and weakened immune
systems are at higher risk for this type of pneumonia. Contact with contaminated aerosol
systems (like infected air conditioning systems) has also been associated with pneumonia
due to Legionellae*.

A number of viruses can cause pneumonia either directly or indirectly, and include the
following: Influenza virus, Respiratory syncytial virus (RSV), severe acute respiratory
syndrome (SARS), Adenoviruses and Herpes viruses. In adults, herpes simplex virus and
varicella-zoster (the cause of chicken pox) are generally causes of pneumonia only in

people with impaired immune systems.

The mouth harbors a mixture of bacteria that is harmless in its normal location but can
cause a serious condition called aspiration pneumonia if it reaches the lung. This can
happen during periods of altered consciousness, often when a patient is affected by drugs
or alcohol, or after head injury or anesthesia. In such cases, the gag reflex is diminished,
allowing these bacteria to enter the airways to the lung. These organisms are generally



different from the usual microbes that enter the lung by inhalation. Many are often

anaerobic.

Impaired immunity leaves patients vulnerable to serious, even life-threatening,
pneumonias known as opportunistic pneumonias4. They are caused by microbes that are
harmless to people with healthy immune systems. Infecting organisms include the
following: Pneumocystis jiroveci, an atypical organism that is very common and
generally harmless in people with healthy immune systems. It is one of the most common
causes of pneumonia in AIDS patients. Bacteria, such as Mycobacterium avium and
viruses, such as cytomegalovirus (CMV) have also been implicated. In addition to AIDS
patients, other conditions also put patients at risk for opportunistic pneumonia. They
include lymphomas, leukemia, and other cancers. Long-term use of corticosteroids and

immuno-suppressants increase the susceptibility to these pneumonias.

Exposure to chemicals can also cause inflammation and pneumonia. A number of people
are exposed to pneumonia-causing organisms specific to particular occupations for

example:e

» (Cattle rearing: Risk of pulmonary anthrax due to Bacillus anthracis.
e Agricultural and construction work: Coocidioidomycosis and histoplasmosis due
to Coccidiodes imitis and Histoplasma capsulatum respectively.

» Bird rearing: Psittacosis due to Chlamydia psitacci.

Historical Background of Lesionellae

The first outbreak of legionnaire’s disease occurred in 19762 at Bellevue Stratford Hotel
that was hosting a convention of the Pennsylvania department of the American Legion.
Approximately 221 people contracted the disease, 34 of whom died. The source of the
bacteria was found to be contaminated water used to cool air in the hotel’s air
conditioning system.

In January 18th 1977, Joseph McDade and Charles Shepard working at CDC, Atlanta

discovered that the causative organism of the Philadelphia outbreak was a previously



unknown organismeb. Their findings opened doors to a broad range of studies that are

continuing to this day.

The newly discovered bacterium was assigned to the family Legionellaceae, the genus
Legionellae (for legion), and the species pneumophila (‘lung loving’): causative agent
Legionellae pneumophila. Ninety percent of infections attributed to Legionellae are
caused by this particular species and illnesses by serogroup 1and in some cases 4 and 66.
Since all Legionellae are presumed to be capable of intracellular growth in some host
cell7 it is likely that most Legionellae can cause human disease under appropriate
conditions?. Infections due to the less common strains of Legionellae are infrequently
reported because of their rarity and lack of diagnostic reagentso. The first strains of
Legonellae were isolated in guinea pigs by using procedures for isolation of Rickettsia9.
The first was isolated by Tatlock in 1943, while another strain was isolated in 1947 by
Jackson et al10 In 1954, Drozanski isolated a bacterium that infected free living amoebae

from soil in Polandl. This organism was classified as a species of Legionellae in 199612

Description of the genus.

The genus Legionellae was established in 1979 after a large outbreak of pneumonia
among members of the American legion that had occurred 3 years earlier and was traced
to a previously unrecognized bacterium, Legionellae pneumophila. Legionellae are
intracellular parasites of freshwater protozoa and use a similar mechanism to multiply
within mammalian cells. Currently, there are 48 species comprising of 70 distinct
serogroups in the genus Legionellae 13141516 Although there are now 15 serogroups of
L.pneumophila, 79% of all culture confirmed or urine antigen confirmed cases are caused
by L.pneumophila serogroup 117.

Legionellae are obligate aerobic gram-negative rods that stain faintly with the standard
gram stain. Morphologically, they appear as coccobacilli in infected tissues and
secretions. Long filamentous forms can be seen in culture media. Legionellae are

distinguished from other saccharolytic bacteria by their requirement for cysteine and iron



salts for primary isolation on solid media and their unique cellular fatty acids and
ubiquinonesi8 Gas liquid chromatography shows large amounts of cellular branched-

chain fatty acids and respiratory ubiquinones with more thanlO isoprene units.

Habitats of Lesionellae

Water is the major reservoir for Legionellae, and the bacteria are found in fresh water
environments worldwideld A single exception to this observation is Legionellae
longbaechae, a frequent isolate from potting soil20. This species is the leading cause of
legionellosis in Australia and occurs in gardeners and those exposed to commercial
potting soil.2L Legionellae survive in a wide range of conditions like ph of 5 to 8.5,
dissolved oxygen concentrations of 0.2 to 15ppmm in water and multiply at temperatures
between 25°C and 42°C, with optimal growth at 35°C. Outbreaks of pneumonia in
hospitals have been attributed to the presence of the organism in potable water systems
i.e. building plumbing systems distributing water for direct human contact e.g. sinks and
showers23. Thermally altered aquatic environments can shift the balance between
protozoa and bacteria, resulting in rapid multiplication of Legionellae, which can
translate into human disease. Legionellosis is a disease that has emerged in the last half of
the 20 century because of human alteration to the environment. Left in their natural
state, Legionellae would be an extremely rare cause of human disease, as natural fresh

water environments have not been implicated as reservoirs of outbreaks of legionellosis24.

Some outbreaks of legionellosis have been associated with construction, and it was
originally believed that the bacteria could survive and be transmitted to humans via soil.
However, L.pneumophila does not survive in dry environments, and these outbreaks are
more likely the result of massive descalement of plumbing systems due to changes in
water pressure during construction 2 25. Aerosolization or aspiration of contaminated
water is a major route of transmission to patients in nosocomial legionellosis.
Colonization of hot water tanks occurs at temperatures conducive for proliferation of the
organism, usually at 40- 50°C. Legionellae and other microorganisms attach to and
colonize surfaces in aquatic environments forming a biofilm.



Man made habitats of Legionellae include cooling towers, evaporative condensers,
whirlpool spas, decorative fountains and potable water distribution systems, where
sediment and scaling of biofilms are present. The bacteria are more easily detected from
swab samples of biofilm than from flowing water, suggesting that the majority of
Legionellae are biofilm associated26. The complex nutrients available with biofilms have
led some researches to propose that biofilms support the survival and multiplication of
Legionellae outside a host cell27. The control of biofilm-associated Legionellae may lead
to the most effective control measures to prevent legionellosis. Institutions that have
experienced outbreaks of legionellosis are all too aware of how tenacious the bacteria can

be within building water system biofilms24.

Acquisition of legionnaire’s disease has been linked to contamination of water supplies in
residences, rehabilitation centers, nursing homes and industrial buildings. British
Communicable Disease Surveillance Center reported that 19 out of 20 hospital outbreaks
of Legionnaires disease in United Kingdom from 1980-1992 were attributed to hospital

potable water distribution systems28.

Legionellae survive in aquatic and moist soil environments as intracellular parasites of
free living protozoa7,2. These bacteria have been shown to multiply in 14 species of
amoebae, two species of ciliated protozoa, and one species of slime mould, while growth
of Legionellae in the absence of protozoa has been documented only on laboratory
media7 3 3l. Acanthamoeba spp and Naegleria spp harboring Legionellae are chlorine
resistant infection reservoirs for the organism in water supplies. It has been suggested that
Legionellae can be transmitted to humans via inhalation of amoebic vesicles. Pontiac
fever (humidifier fever) is linked to hypersensitivity reactions to these free living
amoeba. While protozoa are the natural hosts of Legionellae, the infection of human
phagocytic cells is opportunistic4.



riinical Significance

Legionellosis classically presents as two distinct clinical entities, Legionnaires’ disease, a
severe multisystem disease mainly presenting as pneumonia3, and Pontiac fever, a self-

limited flu-like illness33 Additionally, some people may be asymptomatic.

Pontiac fever is an acute self-limiting flu like illness without any pneumonia. Its
incubation period is 24 to 48 hours and complete recovery occurs within a week without
antimicrobial therapy. Legionnaires’ disease has an incubation period of two to ten days
(but up to 16 days has been documented in some recent well documented outbreaks).
Initial symptoms are fever, loss of appetite, headache, malaise and lethargy. Some
patients may also have muscle pain, diarrhea and confusion. Blood- streaked phlegm
occurs in about one third of patients. The severity of the disease ranges from a mild
cough to a rapidly fatal pneumonia. Although no chest X-ray pattern can distinguish this
infection from other types of pneumonia, alveolar infiltrates are more common with
Legionnaires’ disease34The key to diagnosis is performing appropriate microbiologic
testing when a patient is in a high risk category. Death occurs through progressive
pneumonia with respiratory failure and/or shock and multiorgan failure3 The most
frequent complications are respiratory failure, shock and acute kidney failure. Recovery

always requires antibiotic treatment.

After the bacteria enter the upper respiratory tract, the organism is cleared by cilia on
respiratory epithelial cells and the normal pulmonary immune system. Impaired
mucocilliary clearance followed by aspiration can increase risk of infection. Some
populations have an increased risk to developing severe legionella infections3. Risk
factors for community-acquired and travel-associated legionellosis include: being a male,
the elderly (>65years), cigarette smokers, history of heavy drinking, pulmonary related
illnesses, immunosuppresion, and chronic debilitating illnesses e.g. hematological
malignancies. Risk factors for hospital acquired pneumonia in the host are: tracheal
intubations, mechanical ventilation, aspiration, presence of nasogastric tubes, and the use

of respiratory therapy equipment. Surgery is a major predisposing factor in nosocomial



infection with transplant recipients at the highest risk. The most susceptible hosts are
immuno-compromised patients, including organ transplant recipients and those receiving
corticosteroid treatment. The disease is rare among children. . Potential virulence factors
include several cytotoxins, heat shock proteins; phospholipases, lipopolysaccharides and
metalloproteases37.Genes regulate most of these virulence factors. Delay in diagnosis and
administration of appropriate antibiotic treatment, increasing age and presence of co-

existing diseases are predictors of death from Legionnaires’ disease.

Pathogenesis and Immune Response

In lung air spaces, Legionellae is ingested spontaneously by resident alveolar
macrophages. The bacteria enter the cells by phagocytosis and once phagocytosed, the
bacteria reside within a unique phagosome that does not fuse with lysosomes or become
highly acidic38 3 40. Phagocytosis in human monocytes has been shown to be partly
mediated by a three-component system composed of complement receptors CR1 and
CR341 Horwitz also described the interaction of the phagosome with mitochondria and
ribosome studded vesicles® 43 The ribosome associates first with other cellular
organelles like the mitochondria and later with the rough endoplasmic reticulum. Within
the resulting endosome, bacterial multiplication proceeds until the host cell is packed
with bacteria. Eventually the cell dies and ruptures releasing the progeny to other cells.
L.pneumophila kills its’ host cells either by apoptosis or necrosis mediated by a pore
forming activity or both. In macrophages and alveolar epithelial cells, L.pneumophila
induces apoptosis during the early stages of infection4 45. A second phase of necrosis
induced by a pore-forming activity takes place in infected human phagocytes. In contrast,
death of host amoeba cells has not been associated with apoptosis in studies utilizing

Acanthamoeba castellani and Acanthamoebapolyphaga.

Macrophages infected with Legionellae release cytokines that contribute to influx of
blood monocytes and neutrophils into lung airspaces. Nodular areas of infection enlarge
and become visible as infiltrates on chest X-rays. These areas develop into micro
abscesses and may coalesce to form cavities. Bronchi and bronchioles are not affected.

Much damage is attributed to vigorous host inflammatory response. lliness begins with

10



flu like complaints, fever and typical development of clinical features of pneumonia-
cough, shortness of breathe and chest pain. Patients rarely have grossly purulent sputum.

Nausea, vomiting and abdominal pain may be present4.

The host may inhibit intracellular growth of the organism by non-specific immune
mechanisms. After contact with the organism, macrophages secrete tumor necrosis factor
alpha (TNF) that inhibits intracellular bacterial growth. Once infection is established
however, specific immune responses only can clear the infection. Specific antibodies may
play a role in containing the infection but recovery needs cell- mediated response.
Antibodies bind to the surface and enhance uptake of bacteria by neutrophils. The cell
mediated immunity response limits growth in macrophages. Legionella immune
lymphocytes proliferate and secrete cytokines after contact with cells presenting
legionella antigens with class 2 histocompatibility molecules. One cytokine, gamma
interferon, suppresses growth within macrophages by inducing the cells to limit

availability of iron to intracellular bacteria.

Laboratory Diagnosis

Specialized laboratory tests are necessary for identification of legionella. A study done at
the Scottish Legionella Reference Laboratory@to compare the phenotypic and genotypic
methods of diagnosis showed that the relative sensitivity and specificity of the urinary
antigen Enzyme Linked Immunosorbent Assay (ELISA) and the serum Polymerase Chain
Reaction (PCR) was found to be 100%. The Immunofluorescent Antibody (IFA) Test
gave relative sensitivity and specificity values of 93.8% and 95%. Direct Fluorescent
Antibody (IFA) and culture although 100% specific had low sensitivities of 19% and
42% respectively. The study concluded that urinary antigen and serum PCR were the

most valuable tests with excellent sensitivity and specificity values66. Some of these tests
have been discussed below:



rnltiire on Media

Of the various methods available, culture is the most specific and is usually accepted as
the gold standard. However, in routine and clinical laboratory work, legionellosis is
rarely proven by culture whereas detection of urinary antigen is now common.
Legionellae was first isolated by using Mueller-Hinton agar supplemented with
hemoglobin and IsoVitaleX (MH-IH) 47.These refinements with a soluble form of iron
and cysteine led to the development of Feeley-Gorman agar, which provides better
recovery of the organ from tissue47. Later starch was replaced with charcoal to detoxify
the medium and the amino acid source was changed to yeast extract agar.

The medium currently being used is buffered charcoal yeast extract (BCYE) agar a-
ketoglutarate and other selective agents. Although the majority of Legionellae spp. grow
readily on BCYE agar, some require supplementation with bovine serum albumin to
enhance growth

Direct Fluorescent Antibody (DFA) Detection

Microscopic examination of specimens using DFA staining was the first method used to
detect Legionellae from lung tissue (from autopsy or biopsy specimens) and respiratory
secretions24.

Polymerase Chain Reaction

Various Polymerase Chain Reaction (PCR) tests that have been developed for
Legionellae target either random DNA sequences for L.pneumophila, the 5S rRNA gene,
the 16S rRNA gene or the mip gene®50. Recently several researchers have reported on
the use of real time PCR combined with the use of a hybridization probe to confirm the
product identity for rapid detection of Legionellae in clinical specimens5L

Serology

Serological investigation for Legionellae is the most widely used technique in
epidemiological studies. It involves detection of either antibodies or antigens.

Antisera produced in rabbits have been prepared against all species and serogroups of
Legionellae and have been used in the Center for Disease Control and Prevention (CDC)

laboratory to identify most strains in slide agglutination testss2
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Antibody serology tests are presumptive only if results are available for a single
specimen. Definitive diagnosis requires a fourfold rise between the acute and
convalescent phase titres. If the seroprevalence of legionella pneumonia antibody titres
within a community is known to be low, a single elevated titre may possibly indicate
presence of an acute disease. The use of indirect immunofluorescence assay (IFA) was
used to detect antibodies from the Philadelphia outbreak and was instrumental in
determining the cause of the illness. Other antibody tests that have been developed
include enzyme immunoassay and microagglutination53 54 and indirect hemagglutination.
Stanek et al.% have carried out studies comparing the sentivities and specificities of
indirect immunofluorescenceassay (IFA), micro agglutination test (MA) and enzyme
linked immunosorbent assay (ELISA) in diagnosis of legionellosis. However, false
positive titres to Legionellae spp have been observed in several infections including
Bacteroides fragilis, C. psittaci, Pseudomonas pseudomallei, Haemophilas influenzae,

Coxiella burnetti, Rickettsia typhi and Proteus vulgaris.

Antigens are generally detectable in urine within a few days of illness onset and can
remain so for several weeks after initiation of antimicrobial therapy. Shortly after the
outbreak of Legionnaires ’ disease at the American Legion Convention in Philadelphia,
two investigators reported the ability to detect antigen in the urine of serologically
confirmed Legionnaires’ disease patients by ELISA"6. Due to the high specificity of
commercially available legionella urine antigen assays, Plouffe et al3 proposed that the
case definition for definitive Legionnaires ’ disease be expanded to include diagnosis by
detection of urinary antigen. Urine is a convenient sample, being obtained in a non-

invasive way. Also the ELISA technique employed to detect the antigens in the urine
gives rapid results.

Treatment

There is a growing spectrum of antibiotics available for the treatment of Legionella
infections. The macrolides, such as erythromycin have been used most consistently but
newer agents, such as azithromycin have become available. Tetracyclines may have a

roe in mild infection. Studies have demonstrated fluoroquinolone resistance in
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Legionella pneumophila Rifampicin tends to be reserved for more serious infections
combined with other agents. All these agents have a reasonable capacity to inhibit the
multiplication of intracellular organisms. However, their efficacy is dependent upon
heightened clinical suspicion and the early collection of appropriate specimens for the
definitive diagnosis of Legionella.

Supportive therapy includes administration of antipyretics, fluid replacement, circulatory

support and if necessary oxygen administration by mask.

Past Studies

Several epidemiological surveys for Legionellae spp. have employed serology in
investigating the occurrence of the bacteria in the environment or general population.

M. Rolfe"7 did a study in Zambia in 1986. Following a case of pneumonia which was
suggestive of Legionnaires’ disease, a serological survey of people in the same
community showed a titre of 1. 256 or more in 10% of 73 sera examined by the indirect
fluorescent antibody test using heat-inactivated antigen. A further study of 105 patients
with pneumonia failed to show a significant rise in antibody titre using acute and
convalescent serum.

In South Africa in 1987-1988, Maartens et al at Groote Schuur Hospital assessed the
proportion of cases of community acquired pneumonia caused by atypical bacteria. Acute
and convalescent sera were tested in batches for antibodies and the two most common
organisms were found to be C. pneumoniae (20.7%) and L. pneumophila (8.7%).

In a study carried out in Kenya in 1990 by Phakkey et al® the prevalence of legionella
antibodies was investigated in domestic and wild animal sera, as well as healthy blood
donor sera using microagglutination. The study concluded that Legionellae exists in the
environment. However, Farshay et al.q) in studying the immunoglobulin specificity of the
micro agglutination test for the Legionnaires’ disease bacterium suggested that like other

agglutination tests, micro agglutination is heavily dependant on the presence of IgM
antibody.
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problem staement

Reports of legionnaire’s disease in developing countries especially from Africa have been
sparse and unlike Europe and USA, these countries including Kenya lack a surveillance
system with data on the current state of affairs. It would be true to say that the real
magnitude of the problem is unknown. Moreover, people here are also exposed to factors
that have been identified in temperate regions to predispose one to infection with
legionella. With the increased causes of immunosuppresion, particularly due to Human
Immunodeficiency Virus, there is a likelihood of emerging and re-emerging infections.
There has been no study done so far on the prevalence of Legionellae pneumophila at

Kenyatta National Hospital and the level of infection, if any, among pneumonia patients.

Under diagnosis is a major bias in computing the incidence of any disease. Laboratory
investigations carried out on pneumonia patients at the hospital never investigate for
infection with legionella, and very rarely identification of the actual causative agent of
the pneumonia. Although the patients receive antibiotics as part of their management,
identification of causative microbial agents and possible co-infection would definitely
improve prognosis, especially with regard to antibiotic sensitivity testing. Delay in
diagnosis and lack of appropriate treatment could actually result in death. This study was
to investigate the occurrence of legionella among pneumonia patients at the hospital and
possible risk factors in the positive group. Demographic data obtained from the
pneumonia patients also give an opportunity to study their lifestyle history with a main

interest in smoking and alcohol consumption.

RESEARCH HYPOTHESIS

There are cases of Legionella pneumophila infection that go undiagnosed among patients

presenting with signs and symptoms suggestive of pneumonia at Kenyatta National
Hospital.
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PPYpPlARCH questions

1 How many cases of patients admitted at the Kenyatta National Hospital medical
ward with signs and symptoms suggestive of pneumonia test positive for infection
with L. pneumophila?

2. Are there any risk factors in the group that tests positive for infection with L
pneumophila?

3. Is there any association between the risk factors and presence of L.pneumophila?

OBJECTIVES

1 To determine the occurrence of L.pneumophila among patients admitted at Kenyatta
National Hospital medical ward with signs and symptoms suggestive of pneumonia.

2. To determine possible risk factors for those who are infected with L.pneumophila.

3. To determine the association between risk factors and infection with L. pneumophila.

JUSTIFICATION

Early initiation of appropriate therapy has always been associated with improved
outcome. Discovery of even a single case would be an important sentinel of other
undiscovered cases. Using the data obtained from questionnaires possible risk factors or
common variables can be determined from those who test positive.

Very few studies have explored this pathogen in Africa. Only two studies have been done
in Kenya so far. Phakkey et al® in 1990 used micro agglutination to investigate the
presence of antibodies against L.pneumophila in animals and the second, unpublished
data by Dr. Revathi et al which investigated the presence of Str. Pneumoniae and L.
pneumophila antigens in urine of patients and blood donors at Aga Khan Hospital,

Nairobi. This was going to be the 3rd study in Kenya and the first at Kenyatta National
Hospital.
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Although legionella culture is usually accepted as the gold standard for laboratory
diagnosis, legionellosis is rarely proved by culture due to the difficulty in obtaining
bronchioalveolar lavage fluid. Presence of the antigen in the urine of legionellosis
patients was noted way back in 1976 during the Philadelphia outbreak. Over the last few
years urinary antigen has been increasingly used as an in-house monitoring tool for
legionellosis and is without doubt a primary diagnostic tool. Studies of healthy adults and
children have failed to detect any antigen in their urine. Unlike broncho-alveolar lavage
(BAL) for culture or blood for antibody detection, urine is obtained in a non-invasive
way and is therefore a suitable specimen for a study survey. Furthermore the test used

gives rapid results.

The findings of this study are expected to raise the index of suspicion among clinicians
treating pneumonia patients. They could guide policy makers in making
recommendations on the need for routine inspection and maintenance of hot water
systems and air conditioners. Knowledge of the aetiological agent of pneumonia in a
patient will influence the choice of antibiotics for treatment.
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rHAPTER THREE

STUDY methods

Study Design

A cross-sectional descriptive study was carried out. The study entailed consecutive
sampling of patients admitted with a provisional diagnosis for pneumonia and
investigating for the presence or absence of infection with legionella. Their demographic
and clinical data was also evaluated.

Study Site

The study was conducted at the medical ward of Kenyatta National Hospital, a university
affiliated hospital located in Nairobi, Kenya. It is a primary and secondary health care
facility. Analysis of samples was done at the University of Nairobi Institute of Tropical

and Infectious Diseases (UNITID) serology laboratories.

Study Population

The study population comprised of patients admitted with pneumonia at the medical ward
of the hospital. Urine samples were obtained from patients who consented to the study.
Demographic data and other vital patient details were obtained using questionnaires and
patient files.

Inclusion Criteria
o All adult patients (abovel8 vyears), hospitalized due to initial presumptive
diagnosis of pneumonia were eligible for the study.

* lhe patients who consented to the study were recruited and urine samples

obtained within three days of admission.
Exclusion Criteria

* Any patient who had been admitted for more than three days was excluded.

* Any patient who had been admitted at another hospital then transferred to
Kenyatta National hospital was excluded.

Children who were admitted due to pneumonia were not included in the study.

Patients who declined to give their consent were excluded.

18



campling Method

All patients who were admitted at the medical ward with a provisional diagnosis for
pneumonia and satisfied the inclusion criteria were recruited into the study by
consecutive sampling. This entailed sampling every patient who met the defined

eligibility criteria until the predetermined sample size was achieved.

Sample Sze_
A total of 120 patients were selected for the study as estimated using the formular by

Fisher et al&4 sample size calculation.

N= z2q/d2

Where z is the desired sample size, p is the prevalence of legionella infection estimated at
8.7%, based on a study done in South Africa_, g is 1-p and d is the confidence limit of
the prevalence which is 0.05. This represented the desired confidence interval for the
study.

Seventeen patients admitted within the same ward but due to illnesses other than

pneumonia were also included as negative controls for the urine assay.

Data Collection

A structured questionnaire written in English was administered to collect demographic
and qualitative data from study subjects. Patients who did not understand English were
questioned in Kiswahili. One research assistant assisted in administering the
questionnaires. Information obtained from the medical records was filled out on the

clinical data forms. The laboratory results for each patient were recorded on the
questionnaire.

Laboratory Methods

Specimen Collection- Urine samples were collected in standard sterile containers and

transported to the laboratory within one hour. The urine was alliquoted into smaller
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sterile containers and frozen at -20°C. Before processing the urine was thawed and
warmed to 37°C using a water bath.

The urine was then analyzed for the presence of L. pneumophila urinary antigen using
ELISA according to the manufacturer’s (Binax)@ instructions.

The kit that was used was the Binax Legionella Urinary Antigen Enzyme Immunoassay.
It is a test system intended for in vitro diagnostic use to qualitatively detect the presence
of Legionella pneumophila serogroup 1 antigen. It uses the microtiter ELISA
methodology for the detection of soluble antigen in urine from patients with with
Legionella pneumophila serogroup 1 infections.

Materials provided in the kit included:

» Microtitre Wells- Each kit contains 96 micotitre wells, coated with purified rabbit
anti-L. pneumophila serogroup 1 1gG.

» Wash Concentrate- One vial with 40ml of 0.1 M phosphate buffered saline,
detergent and preservative. The contents were diluted to 400ml with distilled
water.

» Positive control urine- One vial with 2ml of human urine containing L
pneumophila serogroup 1 antigen and preservative.

* Negative control urine- One vial with 2ml of normal human urine and
preservative.

 HRP Conjugate- One vial with 15ml of purified rabbit anti-l. pneumophila
serogroup 1 1gG conjugated to horseradish peroxidase (HRP) in a Tris buffer with
a protein stabilizer.

* Colour Developer- One vial with 25ml of chromogenic substrate solution
containing tetramethylbenzidine (TMB) and hydrogen peroxide.

» Stop solution- One vial with 10ml of IN H2SOA4.

Materials required but not provided in the kit included:

* Pipettors and pipets that can accurately deliver 50, 100, 200, 250 ul volumes.

* Microtiter plate reader at 450nm.

» Graduated cylinder to dilute wash concentrate to 400ml.

» Stock bottle to store diluted wash solution.

* Distilled or deionised water to dilute wash concentrate.
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Principle of the Test- The strips of a microplate are coated with polyclonal rabbit
antibody which reacts with L. pneumophila antigen. Patient urine was added to the wells
of the microplate and any legionella antigen present bound to the specific antibody at the
solid phase. Following the first incubation, the wells were washed and a peroxidase-
labelled antibody, which reacts with L.pneumophila antigen, was added and it binds to
free binding sites on the antigen during a second incubation. After a further washing
stage, the presence of bound peroxidase was demonstrated in a colour reaction with a
substrate. The reaction was stopped by adding sulphuric acid and the optical density
measured with a spectrophotometer at 450nm.
The performance characteristics of this test have been evaluated by the manufacturer3. It
has a sensitivity of 97.7% and a specificity of 100%.
Assay Procedure:
1 Reserve well Al for substrate blank.
2. Pipette 100ul of well mixed positive control, negative control and patient
specimens into the appropriately labeled wells.
3. Pipette 100ul of rabbit anti- legionella HRP conjugate into all previously pipetted
wells, except Al.
4. Gently tap the plate to mix the reagents within wells, being careful to avoid
splashing and cross-contamination of wells.
5. Incubate at room temperature (20-25°C) for 2 hours.
6. After incubation, aspirate sample and conjugate mixture from wells.
7. Add 250ul per well of wash solution. Aspirate. Repeat wash steps for a minimum
of three washes.
8. Pipet 200ul of colour developer to all previously pipetted wells, including Al
(substrate blank).
9. Incubate in the dark at room temperature (20-25°C) for 15 minutes. Covering the
plate is sufficient.
10. After incubation, stop colour development by pipetting 50ul of stop solution to
each previously pipetted well, including Al.
IT Gently tap plates to mix reagents. The plates should appear yellow.Green colour
indicates insufficient mixing.
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12. Read absorbances immediately at 450nm on a microtitre plate reader, blanking
against well Al (substrate blank).
Calculation and Interpretation of Results:

An example of a layout of the micotitre plate:

Blank

I o m m g O @™ >

Key:

Negative controls

Positive controls

Pneumonia patient samples

Non-pneumonia patient samples

Empty wells

The microtitre plate above shows the layout of positive and negative controls, non-
pneumonia patient controls and sample distribution.

The absorbance of well Al (substrate blank) was subtracted from the absorbance of each

well, to obtain a corrected absorbance for use in the calculation of patient results.

Calculation of mean absorbance:
The mean absorbance of the duplicate positive control urine and negative control urine
was determined by:

Mean absorbance = Absorbance (1) + Absorbance (2)



Calculation of RATIO to Negative:
The ratio of the positive control urine absorbance to the negative control urine
absorbance, and of patient urine absorbance to negative control urine absorbance was
determined by:
RATIO = Mean positive control or Patient urine absorbance
Mean negative control absorbance
Interpretation:
Urine samples that had a RATIO value greater than or equal to 3 were considered
positive for the presence of L. pneumophila serogroup 1antigen.
Urine samples that had a ratio value less than 3 were considered negative.
Quality Control
» Laboratory data was generated using the proper protocol and standards to ensure
effectiveness.
» Positive and Negative urine controls supplied in the kit were run in duplicate in
every batch of tests.
e The average absorbance of all negative controls fit the required criteria of an
absorbance of less than or equal to 0.100.
» The average absorbance of all positive controls also fit the required criteria of
greater than or equal to three times that of the negative controls.
e Urine samples from 17 patients admitted in the medical ward for conditions other
than pneumonia were also included as controls. All of them tested negative.
» Coding of data was done accurately

» All samples were obtained within three days of admission.

Data Analysis

A computer based file was developed using SPSS. The results were then presented in
descriptive statistics using frequency tables, cross tabulation and pie charts. Frequencies

of various parameters were obtained. Chi square and Fishers’ Exact tests for significance
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were used to analyze the risk factors. The level of significance for this study had been set
at 0.05.

Minimizing of errors and biases

The research assistant was trained on the contents of the questionnaire, aim of the study
and how to fill the questionnaires, as the principle investigator supervised collection of
Data. Laboratory data was generated using the proper protocol and standards to ensure

effectiveness. Coding of data was done accurately.

F.thical Issues

Informed consent was obtained from the participants. Approval to carry out the study was
obtained from the Kenyatta National Hospital Research and Ethics Committee, and the
Chairman of the Department of Internal Medicine, Kenyatta National Hospital. The
approval was on the agreement that participants anonymity must be maintained, good
laboratory practice/quality control ensured, and that every finding would be treated with
utmost confidentiality and for the purpose of this research only. The clinicians were
notified of positive findings for consideration during treatment.

Study Limitations
Some of the patients had difficulties in recalling or expressing information.
The researcher would have liked to expand the study area to include patients from other

hospitals but due to limited time and resources, this was not possible.
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rHAPTER FOUR

RESULTS

This chapter reports on the study findings based on quantitative and qualitative data
obtained from 120 patients using a structured questionnaire as well as from laboratory
analysis of samples. Laboratory analysis was carried out at the University of Nairobi’s

Institute of Tropical and Infectious Diseases serology laboratories.

1 Laboratory Results
The samples were processed in a total ofthree batches.
1 First run-21 samples

Binax Legionella Urinary Antigen Microplate 1. Sample distribution

1 2 3 4 5 6 7 8 9 10 n 12

A Blank 4 12 20
B Neg 5 3 2
C Neg 6 14  ClI
D Pos 7 15 C2
E Pos 8 16

F 1 9 17

G 2 10 18

H 3 1 19

Key:

Negative controls

Positive controls

Pneunmonia patient sarmples
Non-pneumonia patient sanples
Empty wells

Total number of patient samples processed- 21
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Controls used-kit positive controls-2

-kit negative controls-2
-non-pneumonia patient controls-CI-2.

Binax Legionella Urinary Antigen Microplate 1: Optical Densities at 45Qnm corrected

with blank.
1

A 0.095
B 0.101
C 0.105
D 251
E 2.172
F 0.154
G 0.24
H 0.152
Key:

2

0.277
0.149
0.208
0.150
0.231
0.291
0.176
0.268

Negative controls

Positive controls

3

0.217
0.205
0.228
0.212
0.365
0.193
0.127
0.133

Pneumonia patient samples

4
0.162
0.182
0.232
0.196

Non-pneumonia patient samples

Empty wells

Mean negative absorbance- 0.103. Fits required criteria of less than 0.100

Mean positive absorbance- 2.341. Fits required criteria of >3 times negative control

absorbance.
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Binax Legionella Urinary Antigen Microplate 1: Calculated Ratio Values

1 2 3 4 5 6 7 8 9 10 n 12

A Blank 269 211 157
B 10 145 199 177
C 10 202 221 225
D 2436 145 206 1.09
E 21.09 224 354

F 149 283 187

G 233 171 123

H 147 260 129

Key

Positive for L.pneumophila antigen
Negative for L. pneumophila antigen

Empty wells

Ratio Values = Mean positive control OR Patient sample absorbance
Mean negative control absorbance

Interpretation: >3 presumptive positive for the presence of L. pneumophila serogroup 1
antigen in urine, suggesting current or past infection.
<3 presumptive negative for L. pneumophila serogroup 1 antigen in urine,

suggesting no recent or current infection.

Positive samples: E3- 1sample- Sample 16
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2. Second Run

Binax Legionella Urinary Antigen Microplate 2: Sample distribution

1 2

A Blank 24
B Neg 25
C Neg C4
D Pos 26
E Pos 27
F 22 C5
G 23 28
H C3 29
Key:

Negative controls
Positive controls

Pneumonia patient samples

30
C6
3
32
C7
3
34
C8

C9
CIO
Cll
35

Non-pneumonia patient samples

Empty wells
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Binax Legionella Urinary Antigen Microplate 2: Optical Densities at 450nm corrected

with blank.

Key:

Negative controls

Positive controls

Pneumonia patient samples
Non-pneumonia patient samples

Empty wells

Mean negative absorbance- 0.102. Fits required criteria of less than 0.100

Mean positive absorbance-1.082. Fits required criteria of >3 times negative control

absorbance.
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Binax Legionella Urinary Antigen Microplate 2: Calculated Ratio Values

1 2 3 4 5 6 7 8 9 10

A Blank 110 259 175
B 10 078 283 111
C 10 082 252 127
D 1077 111 197 144
E 1044 107 163

F 0.88 0.892 196

G 063 120 048

H 059 057 033

Key

Positive for L.pneumophila antigen
Negative for L. pneumophila antigen

Empty wells

Ratio Values = Mean positive control OR Patient sample absorbance
Mean negative control absorbance

Interpretation: >3 presumptive positive for the presence of L. pneumophila serogroup 1

antigen in urine, suggesting current or past infection.

<3 presumptive negative for L. pneumophila serogroup 1 antigen in urine,

suggesting no recent or current infection.

Positive samples: None
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3. Third Run

Binax Legionella Urinary Antigen Microplate 3: Sample distribution

1 2 3 4 5 6 7 8 9 10 1 12

A Blank 39 46 53 60 68 76 8 Cl6 98 106 114
B Neg 40 47 54 61 69 77 8 91 99 107 115
C Neg Cl2 48 55 62 70 78 8 92 700 108 116
D Pos 41 49 5% 63 71 79 8 93 101 109 117
E Pos 42 C13 57 64 72 80 Cl5 94 102 110 118
F 36 43 50 58 65 73 8 8 9% 103 1m cCi17
G 37 4 51 59 66 74 8 89 96 104 112 119
H 38 45 52 Cl4 67 75 8 90 97 105 113 120
Key:

Negative controls

Positive controls

Pneumonia patient samples
Non-pneumonia patient samples

Empty wells
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Binax Legionella Urinary Antigen Microplate 3: Optical Densities at 450nm corrected

with blank.

1
0.079
0.045
0.054
1618
1689
0.043
0.051
0.1

I o m m o O w >

Key:

2
0.043
0.089
0.06
0.085
0.111
0.049
0.061
0.083

Negative controls

Positive controls

Pneumonia patient samples

3
0.045
0.082
0.06
0.043
0.049
0.069
0.084
0.053

4
0.043
0.049
0.038
0.072
0.082
0.08
0.217
0.064

Non-pneumonia patient samples

Empty wells

Mean negative absorbance- 0.045. Fits required criteria of less than 0.100

5
0.079
0.099
0.074
0.072
0.082
0.075
0.106
0.06

6

0.087
0.112
0.178
0.167
0.106
0.077
0.089
0.081

7
0.053
0.231
0.148
0.061
0.06

0.088
0.083
0.072

8
0.065
0.081
0.083
0.19
0.091
0.122
0.311
0.067

9

0.052
0.073
0.406
0.127
0.057
0.104
0.105
0.062

10
0.129
0.131
0.13
0.094
0.077
0.084
0.077
0.138

n
0.153
0.098
0.125
0.247
0.123
0.243
0.061
0.12

Mean positive absorbance-1.65. Fits required criteria of >3 times negative control

absorbance.
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Binax Legionella Urinary Antigen Microplate3: Calculated Ratio Values

1 2 3 4 5 6 7 8 9 10 n 12

A Blank 08 091 087 15 176 107 13 115 26 3.09 052
B 10 179 166 098 20 224 513 164 148 264 198 0.78
C 10 121 121 077 149 359 298 167 820 262 25 262
D 327 171 087 145 145 33 121 422 25 189 548 0.9
E 327 224 098 166 166 21 12 184 115 155 248 167
F 0.8 098 139 163 151 156 177 246 210 169 49 0.86
G 11 123 169 438 214 179 167 691 214 115 123 098
H 202 169 107 129 121 163 145 135 124 27 242 105
Key

Positive for L.pneumophila antigen
Negative for L. pneumophila antigen#
Empty wells

Ratio VValues = Mean positive control OR Patient sample absorbance
Mean negative control absorbance
Interpretation: >3 presumptive positive for the presence of L. pneumophila serogroup 1
antigen in urine, suggesting current or past infection.
<3 presumptive negative for L. pneumophila serogroup 1 antigen in urine,
suggesting no recent or current infection.
Positive samples: 10 samples- Samples 59, 70, 71,77, 87, 89, 92, 106, 109, 111.
Summary
* 11 outof atotal of 120 respondents tested positive for L. pneumophila serogroup
lantigen in their urine.
» All 17 non- pneumonia patients tested negative for the antigen.

» All positive and negative kit controls fitted the required criteria.
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2. Statistical Analysis:

I.Socio- Demographic and Clinical factors

Table 1. Summary of Demographic, Socio-economic and Clinical Characteristics of

respondents
N= 120
Variable Frequency Percentages (%0)
Gender: Female 47 39.2
Male 73 60.8
Age: Mean 38.68
Work Area: N/A 31 25.8
Outdoors 27 22.5
Indoors 62 51.7
Air Conditioners:
Exposed 3l 25.8
Unexposed 89 74.2
Residence:  Urban 85 70.8
Rural 35 29.2
Piped Hot water:
Exposed 66 55
Unexposed 54 45
Alcohol: Consumes 57 47.5
Stopped <lyear prior 19 15.8
Never Consumed 44 36.7
Smoking: Smokes 40 33.3
Stopped <5years prior 15 125
Never Smoked 65 54.2

Admission Period prior to
Sample Collection:

1 day 41 34.2
2 days 39 32.5
3 days 40 33.3
HIV Status: Positive 75 62.5
Negative 43 35.8
Unknown 2 17

History of past/
concurrent Respiratory
Iliness (Pneumonia, TB)
Positive 70 58.3
Negative 50 41.7
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2. Proportion of Legionella positive patients

Table 2: Proportion of L. pneumophila positive pneumonia patients
N =120
Test Result Frequency of Percentage of L.

L. pneumohila pneumophila infection

infection
Negative 109 90.8
Positive n 9.2
TOTAL 120 100

1 Figure 1. Proportion of L. pneumophila positive patients.
R e chart presentation

0- negative, 1- positive

The findings indicated that 9.2% of the pneumonia patients recruited in the study tested
positive for the presence of/,, pneumophila serogroup | urinary antigen.

Univerci-v Op ha,ROB{ .35
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3. Occurrence oiL. pneumophila and its association with risk factors

1 Air Conditioners
Table 3: Exposure to air conditioners

N =120

L.pneumophila test Exposure to air Total

conditioners
Exposed Not
Exposed

Negative 85 24 109
Positive 4 7 n
Total 89 3 120

Figure 2: Exposure to air conditioners

R e chart presentation

1-exposed, 0- inexposed



Of all pneumonia patients, 25.8% were exposed to air conditioners and of these 22.58%
were positive for L. pneumophila urinary antigen.

There was statistical significance in the number of pneumonia patients infected with L.
pneumophila and exposure to air conditioners (P= 0.003).

2. Piped Hot Water
Table 4; Exposure to Piped Hot Water

N= 120

L. Exposure to piped hot Total
pneumophila water

urinary Exposed Not

antigen test Exposed
Negative 50 59 109
Positive 4 7 n
Total 54 66 120

Figure 3: Use of Piped hot water
Re chart- hot water use

1- exposed, 0- unexposed



\

Among the pneumonia patients 55% were exposed to piped hot water systems and of
these, 10.6% were positive for L. pneumophila urinary antigen There was no statistical
significance in the number of pneumonia patients infected with L. pneumophila and
exposure to piped hot water systems (p = 0.546).

4. Alcohol Consumption
Table 5: Consumption of Alcohol

N =120
Alcohol Never Currently Stopped <l Total
Consumed Consumes year prior
L. pneumophitti\
Negative 42 50 17 109
Positive 2 7 2 n
Total 44 57 19 120

Figure 4: Alcohol Consumption

Bar chart on alcohol consumption

O-never, 1- consumes, 2- positive history
50<l _____________________________ —_—- —_—- —_—- —_—

40
30

20

alcohol
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Among the respondents 47.5% currently consume alcohol and of these, 12.3% were
positive for L. pneumophila urinary antigen.

Out of the respondents 12.8% stopped consuming alcohol<lyear prior to admission due
to pneumonia and of these 10.5% were positive for L. pneumophila urinary antigen.
36.7% of all respondents have never consumed alcohol and of these, 4.5% were positive
for L. pneumophila urinary antigen.

There was no statistical significance in the number of pneumonia patients infected with L.

pneumophila and consumption of alcohol (p = 0.4).
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5. Smoking
Table 6: History of Smoking

N = 120
Smoking Never Currently Stopped <5 Total
Smoked Smokes years prior
L. pneumophila®
Negative 60 34 15 109
Positive S) 6 1
Total 65 40 15 120

Figure 5: Smoking of cigarettes

Bar chart on smoking

O-never, 1- smokes, 2- positive history
60

50
40
30

20

o B

10

smoking

Thirty three percent of all respondents currently smoke and of these, 15% were positive
for L. pneumophila urinary antigen.

Twelve percent of all respondents stopped smoking <5 years prior to admission and of
these, none were positive for L. pneumophila urinary antigen.

Fifty four percent of all respondents have never smoked and of these, 7.7% were positive
forZ. pneumophila urinary antigen.
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History of Respiratory Illness
Table 7: History of Respiratory IlIness

N =120
A\ H Xof lliness Positive Negative Total

L. pneumophila

Negative 60 49 109
Positive 10 1 n
Total 70 50 120

Figure 6: Respiratory IlIness

Re chart- history of Respiratory lliness

1- positive, 0- negative

Fifty eight percent of all respondents have a history of past or concurrent respiratory
illness, and of these 14.2% were positive for L. pneumophila urinary antigen.

There was statistical significance in the number of pneumonia patients infected with L.
pneumophila and a history of a past or concurrent respiratory illness (P= 0.021).
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6. HIV Status
Table 8: HIV Status
N = 120

n\H IV status Negative Positive

L. pneumophila

Negative 41 66
Positive 2 9
Total 43 75

Figure 7: HIV Status

Re chart- ISS Status

Unknown

0- negative, 1-positive, 2-inknovin

Total

109

120

Sixty two percent of all respondents were HIV positive and of these, 12% were positive

for/,, pneumophila urinary antigen.

Thirty five percent ofall respondents were HIV negative and of these 4.6% were positive

for L. pneumophila urinary antigen.
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There was no statistical significance in the number of pneumonia patients infected with L.
pneumophila and HIV status (p=0.577).

8. Gender
Table 9: Gender of Respondents
N =120
Gender Female Male Total

L.pneumophitu.

Negative 45 64 109
Positive 2 9 1
Total 47 73 120

Figure 8: Gender of respondents

Re chart- Gender

m- male, f- female

Sixty percent of all respondents were male and of these, 12.3% were positive for L.
pneumophila urinary antigen while 4.2% of the females were positive.
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There was no statistical significance in the number of pneumonia patients infected with L.

pneumophila and gender, (p = 0.135).
9. Age

The mean age of respondents was 38 years. There was no statistical significance in the

number of pneumonia patients infected with L. pneumophila and age. (p = 0.492).

10. Employment/ Work Area
Table 10: Employment or Work Area
N =120
Work area  Unemployed  Outdoors Indoors

L. pneumopnHa

Negative 31 25 53
Positive 2 9
Total 31 27 62

Figure 9: Work Area Location

Bar graph- VNtrk area location

0- imerrployed, 1- indoors, 0- outdoors
60

50
40
30

20

8 10
a o

workarea

Total

109

120
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Fifty one percent of total respondents work outdoors and of these, 7.4% were positive for

L. pneumophila urinary antigen.
Twenty two percent of total respondents work indoors and of these, 14.5% were positive

for L. pneumophila urinary antigen.
There was no statistical significance in the number of pneumonia patients infected with L

pneumophila and their place of work, (p = 0.069).
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11. Residence
Table 11: Area of residence
N =120
Residence Rural Urban

L. pneumopntkt

Negative 34 75
Positive 1 10
Total 35 85

Figure 10: Residence

R e chart- Residence
1- urban, O- rural

Total

109

120

Seventy percent of all respondents resided in an urban setting and of these, 11.77% were

positive for L. pneumophila urinary antigen.

Twenty nine percent of all respondents resided in a rural setting and of these, 2.8% were

positive for L. pneumophila urinary antigen.

There was no statistical significance in the number of pneumonia patients infected with L.

pneumophila and area of residence, (p = 0.124).

47



12. Air Conditioners and Work Area

Table 12: Exposure to Air Conditioners and the Work Place

N = 120

\Workplace  Unemployed Indoors Outdoors Total
Air's.

conditioners®

Negative 28 37 24 89
Positive 3 25 3 3
Total 3l 62 27 120

Thirty eight percent of those who work indoors are exposed to air conditioners.
There is a statistical significance between exposure to air conditioners and location of
work area (p = 0.001)).

13. Alcohol Consumption and Smoking

Table 13: Alcohol Consumption and Smoking

N =120

Smoking  Never History of Active smoker  Total

smoking

Alcohol  x.
Never 37 2 5 44
History of 8 6 5 19
alcohol
Active 20 7 30 57
consumer
Total 65 15 40 120

There is a statistical significance between alcohol consumption and smoking (p = 0.000)
Consumption of alcohol and smoking has a likely increased predisposition to L.

pneumophila infection.

48



3. Summary of association between risk factors and occurrence of Legionellae.

Table 2: Occurrence of L. pneumphila and its association with Risk factors

Variable Calculated p value
Air conditioners 0.003*
Piped Hot Water 0.546
Alcohol 0.4
Smoking 0.190
History of past/ concurrent Respiratory  0.021*
IlIness

ISS Status 0.577
Gender 0.135
Age 0.492
Employment/ Work area 0.069
Residence 0.124
Air conditioners and Work Area 0.001*
Alcohol and Smoking 0.000*

» The frequencies of Socio Demographic factors obtained in Table one above was

cross-tabulated with the occurrence of L. pneumophila to test for possible
association.

» Fishers Exact Test and Chi square tests for significance were used.

» The study had been set within a 95% confidence interval. The level of
significance was 0.05.

» * Indicates the variables that showed possible association between their
occurrence and infection with L. pneumophila.
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CHAPTER FIVE

DISCUSSION

This study revealed that 9.2% of pneumonia patients admitted at the medical ward of
Kenyatta National Hospital between March and June were infected with L. pneumophila
serogroup 1. These findings correlate with those of a study done in South Africa3 on
atypical causes of community-acquired pneumonia in which 8.7% of pneumonia patients
tested positive for L. pneumophila. A serological study conducted in Zambia5/ revealed
that 10% of the pneumonia patients had been exposed to L. pneumophila although a

further study failed to indicate an increase in antibody titre.

Studies done elsewhere have shown that some populations have an increased risk to
developing severe legionella infections. Some of the risk factors for community-acquired
and travel-associated legionellosis include: being a male, the elderly (>65years), cigarette
smokers, history of heavy drinking, pulmonary related illnesses, immunosuppresion, and

chronic debilitating illnesses e.g. hematological malignancies3.

According to this study, 22.58% of the pneumonia patients who were exposed to air
conditioners tested positive for L. pneumophila. A dirty air filter can harbor pollen, fungi,
and bacteria and allow microorganisms into the room, possibly triggering an asthma
attack, irritation of the eyes, nose, and throat - even flu like illness. Air conditioning
systems have been documented as one of the man-made habitats of Legionellae! Thirty
eight percent of those who work indoors in this study are exposed to air conditioners. The
study also showed statistical significance between exposure to air conditioners and
infection (p= 0.003), as well as between those who work indoors and exposure to air
conditioners (p= 0.001). Other studies have also shown that contact with contaminated
aerosol systems (like infected air conditioning systems) is associated with pneumonia due
to Legionellaed4. Air conditioners in large buildings can pose a more serious threat
because they use reservoirs of water that can harbor harmful bacteria. Air filters should

be vacuumed periodically and washed with a disinfectant to prevent mildew. The filter
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should be left to dry completely before reinstalling, while disposable filters should be

replaced at recommended intervals.

Hot water systems have also been shown to be man-made habitats of L. pneumophila.
The bacteria are more easily detected from swab samples of biofilm than from flowing
water, suggesting that the majority of Legionellae are biofilm associated27. Aerosolization
or aspiration of contaminated water is a major route of transmission. However there was
no statistical significance in the number of pneumonia patients infected with L
pneumophila and exposure to piped hot water systems (p= 0.546). This could be
explained by the fact that most patients who confirmed using hot water only did so at
their places of work, for washing hands or teacups. Most of them did not have hot water

systems at home for showering, which would probably be a major source of infection.

The study also showed statistical significance between a history of respiratory illness and
infection with L.pneumophila (p= 0.021). History of respiratory illness in this study
included a past history of pneumonia and tuberculosis. Fifty eight percent of all
respondents have a history of past or concurrent respiratory illness, and of these 14.2%
were positive for L. pneumophila urinary antigen. Pulmonary related illnesses weaken the
immune system thereby weakening the body’s ability to fight of infection62 Patients with
defective immune systems are susceptible to Legionellae infection, especially when the
defect involves cell-mediated immunity. Patients who have the Human
Immunodeficiency Virus may be at risk for relapsing infections6lL In this study 61.7% of
all respondents were HIV positive and of these 12% were positive for L. pneumophila

urinary antigen.

Fourty seven percent of all respondents were active consumers alcohol and of these,
12.3% were positive for L. pneumophila urinary antigen. Studies have shown that
excessive alcohol consumption can contribute to contraction of community-acquired

umonia. The increased risk of suffering from pneumonia in alcoholic patients exists

to the fact that the activity of their immune system decreases. Alcohol acts as a
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sedative and can diminish the reflexes that trigger coughing and sneezing. It also
interferes with the action of macrophages. A study conducted at Lousiana State
University Health Sciences Center involving mice showed that it suppresses an immune
system protein- interleukin- 17 but its effect in humans is yet to be confirmed63. Although
this study showed that there was no statistical significance in the number of pneumonia
patients infected with L. pneumophila and consumption of alcohol (p= 0.4), the high
percentage of a positive history of alcohol consumption among pneumonia patients in
general is worth investigating increased risk. The amount of alcohol consumed may also

be a factor in its effect on the immune response of an individual.

The study found that 33.3% of the pneumonia patients were exposed to cigarette
smoking. Just like alcohol, smoking is also known to interfere with the pulmonary
immune response. Other studies have shown that chronic exposure to cigarette smoke can
result in injury to the airways and damage of the cilia. It alters the efficiency of their
beating so that bacteria entering the trachea have an increased likelihood of entering the
lungs. Although this study showed that there was no statistical significance in the number
of pneumonia patients infected with L. pneumophila and history of smoking (p= 0.190),
smoking may predispose the individual to infection with other pneumonia causing
pathogens. Just like in previous studies, this study has also revealed a statistical
significance between alcohol consumption and cigarette smoking (p= 0.000). The
potential combined adverse effects of alcoholism and cigarette smoking on lung defenses

against pathogen infection probably increases the risk of developing serious disease.

There was no statistical significance in the number of pneumonia patients infected with L.
pneumophila and gender. (p= 0.135). Studies have shown however that the male sex is at
more risk of infection with L. pneumophila than their female counterparts3. In this study
out of the 11 patients who tested positive for the antigen 9 were male and 2 were female.
The reasons why the male have been found to be more susceptible is yet to be
established, but it could be due to more exposure to environmental pollutants based on

their lifestyle.
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The mean age of patients admitted due to pneumonia was found to be 38 years. This
finding is significant because this falls within the productive age group, both

economically and socially.

CONCLUSION

The hypothesis set at the beginning of the study that there are cases of Legionella
pneumophila infection among pneumonia patients was approved. Among the patients
recruited in the study, 9.2% tested positive for infection Legionella pneumophila
serogroup 1

Exposure to air conditioners and a history of past or concurrent respiratory illness have
been found to predispose one to infection with the bacteria.

Most of those exposed to air conditioners are exposed at their places of work and there is

need for routine inspection and maintenance.

RECOMMENDATIONS

> Exposure to air conditioners is a key predisposing factor to infection with
L.pneumophila and this should raise the index of suspicion among clinicians
as they obtain a patient’s medical history.

> There is need for Public Health education on:

* Routine inspection and maintenance of air conditioners and hot water systems

» Habitats and possible sources of infection with Legionella pneumophila.

»  Socio- demographic factors increasing risk of contracting pneumonia.

> There is need for a larger multi-center study on the prevalence of infection by
L. pneumophila in pneumonia patients (both community acquired and
nosocomial), existence of co- infection and the antibiotic susceptibility of
isolated organisms.

> There is a need to carry out studies on other causes of atypical pneumonia to

provide information on the local epidemiological picture
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APPENDIX 1

CONSENT FORM
Title of the Study: A survey of the occurrence of L. pneumophila among pneumonia

patients at the medical ward of Kenyatta National Hospital.

My name is Susan Odera and | am undertaking a postgraduate study at the Department of
Medical Micribiology, University of Nairobi. | would like to request you to participate in
a medical research study.

The objective of this study is to determine the level of infection, if any, with pneumonia
causing bacteria, L. pneumophila. The information obtained from you will assist me in
obtaining the study objectives. Any positive finding from the study will be brought to the
attention of your physician and therefore better management of your condition, and will
also alert policy makers on the need for routine inspection and maintenance of potable
water systems and air conditioners. You will be required to give only one sample of
urine.
Please understand that the following principles apply to all participants of the study:

1 Participation is entirely voluntary.

2. Your confidentiality will be safeguarded. Names of participants will not appear in

any final report or publication resulting from the study.

3. Refusal to participate will involve no penalty.

4. No risks will be incurred in participating in the study.
In case of any problem or concern you may contact my supervisor or | through this
number: 0723470211 or the KNH Research and Ethics Committee, P. O. Box 20273,
Nairobi.

L have fully understood the objectives of the research

and hereby show a willingness to participate in the study.

SIGNALUI.....veeiiece e Date.....oooieceeee e
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APPENDIX TWO
QUESTIONNAIRE

DEMOGRAPHIC DATA

L@ Lot U] o= 1 (o] o PSPPSR
PlaCe OFT WOIK....c.eiiieiieeee e
Are Air Conditioners used at your work place?.........ccccceevvvvevveinnenne.
Do you use hot water at your Work place..........ccoccevveveeiinniicenenene
Residence........... Rural......cccooovviiiiee, urban.......cccceveeeene
Do you have air conditioners at NOMe?...........ccooeieieiiicienineceee,

What is your source of water at hOme?.........ccccevvvvevnieiince e,

Do you have: Hot Water TanksS?........cccovvevieiiieiie e

Shower with hot Water?..........ccooveveiiie e
Alcohol Consumption: Do you drink? Yes.... How often per week?...
No......When did you stop?...

Never drank.......cccceeeeeeeeeeennn.

Smoking status: Do you smoke............ Yes.... How often per week?
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No.......When did you stop?

Never smoked........cc.uu.......



APPENDIX THREE

CLINICAL DATA

History of
Antibiotics

ANTIDIOTICS PrESCIIDEA. ... e eeeneenennnen

Laboratory INVEStIQAtioNS. ........ccveiiiiiiiiie e

UMIVF™

Previous
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KENYATTA NATIONAL HOSPITAL
Hospital Rd. along, Ngong Rd.
P.O. Box 20723, Nairobi.
Tel: 726300-9
Fax: 725272
Telegrams: "MEDSUP”, Nairobi.
Email: KNHplan@Ken.Healthnet.org

Ref: KNH-ERC/01/3612 Date: 10th July 2006

>usan Akinyi Odera

)ept. of Medical Microbiology
-aculty of Medicine

Jniversitv of Nairobi

)Jear Susan

IESEARCH PROPOSAL: "A SURVEY OF LEGIONELLA PNEUMOPHILIA
\MONG PNEUMONIA PATIENTS AT THE MEDICAL WARD OF K.N.H."
P86/5/2006)

'his is to inform you that the Kenyatta National Hospital Ethics and Research
‘ommittee has reviewed and approved revised version of your research
troposal for the period 10thJuly 2006 - 9th July 2007.

‘ou will be required to request for a renewal of the approval if you intend to
-ontinue with the study beyond the deadline given.

)n behalf of the Committee, | wish you fruitful research and look forward to
eceiving a summary of the research findings upon completion of the study.

rhis information will form part of database that will be consulted in future when
processing related research study so as to minimize chances of study duplication.

<mir=; Ninrprplv

SECRETARY, KNH-ERC
..C. Prof. K.M.Bhatt, Chairperson, KNH-ERC
The Deputy Director CS, KNH
The Dean Faculty of Medicine, UON
The Chairman, Dept, of Medical Microbiology, UON
The Supervisor: Dr. O. Anzala, Dept.of Med. Microbiology, UON


mailto:KNHplan@Ken.Healthnet.org

KENYATTA NATIONAL HOSPITAL
P O Box 20723

NAIROBI

Tel: 726300-9

Fax: 725272

Telegrams: "MEDSUP" Nairobi
Email: knhadmin@ knh.or.ke

REF: KNH/MED/08 Date: 29th January, 2006

Consultant in- charge
WARD 7A
WARD 7B
WARD 7D
WARD 8A
WARD 8B
WARD 8C
WARD 8D

PERMISSION TO CARRY OL'T RESEARCH - SUSAN AKINV OPERA

The above named student from University of Nairobi has been allowed to collect
data from the Hospital Medical wards for preparation of her thesis.

Please accord her the necessary assistance.

HOP, MEDICINE
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