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Abstract

Purpose of Review—The non-specific presentation of acute Q fever makes it difficult to
diagnose in children, but untreated Q fever can result in chronic infections that have severe
complications.

Recent Findings—Pediatric Q fever cases continue to be infrequently reported in the literature,
and primarily document cases of persistent infections with Coxiella burnetii. Standardized
treatment protocols for chronic Q fever in children still do not exist. Doxycycline and
hydroxychloroquine are the treatment combination most utilized by healthcare providers to treat Q
fever endocarditis or osteomyelitis in children, but a variety of other antibiotic combinations have
been reported with varying results. The use of adjunctive therapies, such as such as interferon
gamma, has produced mixed outcomes.

Summary—The true impact of Coxiella burnetii on the health of children remains unknown;
long-term longitudinal follow-up of children with acute or chronic Q fever has not been reported.
Both the acute and chronic forms of Q fever are underreported and underdiagnosed. Healthcare
providers should consider Q fever in pediatric patients with culture-negative endocarditis or
osteomyelitis.
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Epidemiology

Q fever is a zoonotic disease caused by infection with the intracellular bacterium Coxiella
burnetii [1]. The bacteria are commonly found in livestock such as sheep, goats, and cattle
but can also infect a wide variety of domesticated and wild animal species [2¢]. C. burnetii
can be shed in urine, feces, milk, and birth products of infected animals, and infectious
organisms are typically transmitted to humans when aerosols contaminated with dried waste
products are inhaled. The highest concentrations of C. burnetii are in the placenta and birth
products of infected ruminants. During birth, large numbers of C. burnetii are released into
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the environment, and outbreaks of Q fever often are associated with exposure to ruminant
births [3]. The largest known outbreak of Q fever occurred in the Netherlands from 2007 to
2010 and was due to release of C. burnetii organisms into the environment from large
numbers of infected goats [4]. C. burnetii can also infect cats and dogs and human infections
have occasionally been linked to companion animals [5, 6].

Q fever is found all over the world, with only New Zealand thought to be free of the disease
[1]. In many parts of the world, Q fever exists primarily as an occupational disease for those
that come in contact with ruminants as part of their job [2]. Therefore, children usually are
not at risk due to infrequent contact with livestock. Indeed, national Q fever surveillance
reports from various countries show that only a small percentage of reported cases occur in
children or young adults. In the USA, from 2000 to 2012, 3.4% of reported Q fever cases
occurred in those 18 years or younger [7]. Australian national surveillance from 1991 to
2014 reported 7% of their cases in persons 0-19 years [8]. During a 3-year Q fever outbreak
in the Netherlands, only 1.2% of cases were in pediatric patients [9¢].

Several recent studies have tested for C. burnetiiamong febrile patient populations, with
varied results on the number of pediatric patients identified. While none of the studies
identified large numbers of Q fever patients in any age group, some studies did detect
Coxiellaprimarily in pediatric patients. A study of febrile patients in several African
countries found seven persons PCR positive for Coxiella, five of which were patients under
the age of 18 years [10]. Another study in Mali identified only one patient PCR positive for
Coxiella; the patient was in the 5-14 age group [11]. Six of nine patients diagnosed with Q
fever in a Thailand study were < 20 years [12]. Meanwhile, other acute febrile illness studies
have identified smaller percentages of pediatric cases among patients with Q fever [13, 14].

Various theories exist as to why Q fever is rarely reported in children. Q fever might be a
milder disease in pediatric patients or be underdiagnosed [15, 16]. One study following an
exposed community in the Netherlands found that children had lower rates of infection than
adults, leading investigators to hypothesize a possible protective role of young age in the
pathophysiology of C. burnetiiinfection [16]. Despite the low number of reported pediatric
cases, various serosurveys show that children are exposed to C. burnetii. Recent serosurveys
in Turkey and Kenya reported the highest seropositivity rates in pediatric participants
(24.1% of 8-20 year olds in Turkey; 34% of 5-14 year olds in Kenya) [17, 18]. In
serosurveys in Afghanistan and Bhutan, pediatric patients were not the highest seropositive
age group, but seropositivity among age groups varied minimally (* 58% in < 10 year olds
in Afghanistan (range ~ 58-71%); 7.4% of 13-25 year-olds in Bhutan (range 5.5-8.3%))
[19, 20]. More research is needed to ascertain the reasons for limited reports of pediatric Q
fever cases given similar or higher seropositivity among pediatric compared to adult
populations.

Microbiology

C. burnetiiwas first isolated from ticks in the 1930s and the bacterium was soon linked to a
disease afflicting abattoir workers in Australia, which at the time was called “Query” or “Q”
fever [21]. C. burnetiiwas initially described to be a Rickettsia, and although it shares some
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features with members of the Rickettsia genus (a small intracellular bacterium that can be
found in ticks), later molecular analysis has demonstrated that it is a gammaproteobacteria
most closely related to Legionella spp. [22]. In the 1950s, Stoker et al. demonstrated that C.
burnetii can exist in two antigenic forms [23]. Phase 1 C. burnetii expresses complex
lipopolysaccharide (LPS) side chains on its surface and is known to be infectious. Phase 2 C.
burnetii expresses a truncated LPS on its surface is not infectious for animals and is not
found in natural settings. Phase 2 is an antigenic form that develops after repeated passaging
in the laboratory. The complex LPS side chains that are present on Phase 1 C. burnetii
appear to be important for infection of animals and are considered a virulence factor for C.
burnetii [24]. These complex side chains are not essential for growth in laboratory culture
and Phase 2 will predominate after extended passage. Clones of the type strain of C. burnetii
(Nine Mile strain) in Phase 1 and Phase 2 were described in the early 1980s [25].

Although C. burnetiiis not a spore-forming bacterium, it does have impressive survival
characteristics outside of a host cell. When not replicating, C. burnetii can form a small-cell
variant (SCV) that has remarkable environmental stability [26]. It is resistant to heat,
desiccation, and some disinfectants and can survive for weeks to years outside of a host cell
[26]. These features, combined with the very low dose required for infection via inhalation
(1-10 organisms), and the historical weaponization of C. burnetii, have resulted in its
classification as a select agent in the United States [27]. This classification results in
increased safety, security, and reporting requirements for the bacterium.

Clinical Features

Q fever presents in both an acute and chronic form. Acute infections are largely self-limited
febrile illnesses, although hospitalization rates in specific outbreaks can be over 20% [28].
Many acute infections with C. burnetii do not result in clinical signs or symptoms [29]. For
those who do develop clinical disease, the most common manifestations of acute Q fever are
influenza-like illness, pneumonia, or hepatitis [1, 2¢]. Chronic Q fever, also known as
persistent localized C. burnetiiinfection, occurs after failure to clear a C. burnetii infection
and can present weeks to months to years after an initial C. burnetii exposure [1]. Chronic Q
fever clinical syndromes include endocarditis, vascular infections, and osteomyelitis. These
infections are more serious and can be difficult to treat [2¢]. A post-Q fever fatigue
syndrome has also been described [30].

Acute Q fever in children, as with adults, primarily presents as a non-specific febrile illness,
making the true burden of acute Q fever unknown [15, 31¢]. The typical acute Q fever
clinical appearance mimics common childhood pathogens, such as influenza-like illness,
pneumonia, or respiratory infections; pediatric cases frequently have fatigue, cough,
headache, and fever. Acute Q fever is difficult to accurately diagnosis in children, given
these non-specific clinical signs and symptoms [31¢]. The disease course is generally mild
and uncomplicated [1, 31¢]. Rare case reports of central nervous system involvement, such
as meningitis or encephalitis, have been published [15, 32, 33]. Cases of Q fever hepatitis in
children have been reported but appear to occur less frequently in children than adults [34,
35]. Literature reviews identified only one published pediatric meningitis case in the last 5
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years [32] and no reports of acute Q fever hepatitis in children were found for the same time
period.

It has been estimated that 1-5% of acute Q fever patients will develop a chronic form of the
disease [36, 37]. In adults, the presentations of chronic Q fever are primarily endocarditis
and vascular infections [1]. However, Q fever endocarditis and vascular infections are rarely
reported in children [2¢, 15]. An analysis of Q fever surveillance cases reported to the CDC
between 1999 and 2015 found only one Q fever endocarditis case in a patient under 20 years
of age [38]. In a study looking at Q fever in the Netherlands between 2007 and 2010, only
44 of 3522 reported cases of Q fever were in children. As of 2015, no pediatric cases of
chronic Q fever had been identified in this group [9¢]. Although rare, Q fever endocarditis
cases in children do exist and have been reported in the literature. A review by Maltezou and
Raoult in 2002 found five cases of Q fever endocarditis in children reported between 1966
and 2001 [15]. We conducted a search of the literature indexed in Medline for the years
2014-2019 found 13 reports of Q fever endocarditis in children. These cases were identified
in France, Kuwait, Israel, and Portugal [39-43]. Of the 13 reported cases, 12 of these
children had a pre-existing heart valve defect, with at least 11 of them having received a
valve replacement and/or placement of a conduit. Two cases had tetralogy of fallot [40] and
at least four of the children had undergone the Rastelli procedure to repair a ventricular
septal defect [40-42, 43+]. Only 1 of the patients did not have a pre-existing heart condition.
This patient was identified after diagnosis of an adult family member with Q fever
endocarditis followed by serological screening of the family for possible Q fever [39]. This
screening revealed an elevated Phase 1 antibody titer for this 14-year-old girl and
echocardiography showed a vegetation on the mitral valve.

Osteomyelitis is another manifestation of chronic Q fever. Published pediatric cases describe
both single and multifocal osteolytic lesions in long and short bones, with recurrent/
relapsing multifocal osteomyelitis accounting for most cases. Patients typically experienced
months of symptoms prior to chronic Q fever diagnosis and had a variety of prior diagnoses
including staphylococcal infection, culture-negative osteomyelitis, chronic relapsing
multifocal osteomyelitis, and chondroblastoma [43, 44-47]. Patients usually present with
localized pain and inflammation but are afebrile and have low to mildly elevated
inflammatory markers [45, 46¢]. Unlike Q fever endocarditis patients, most pediatric Q fever
osteomyelitis patients were previously healthy and have no known risk factors, such as heart
valve defects. Not all patients have known exposures; some reside in urban areas [43e, 44].
Clinicians should consider Q fever as a differential for osteomyelitis, even if there are no
known exposures.

Diagnostics

Serology is the most common approach for diagnosis of both acute and chronic Q fever, but
it has notable limitations. Q fever serology is complicated by the specificity of the antibody
response during acute and chronic Q fever infections. For reasons that have not been
defined, the human antibodies during acute infection are primarily reactive with Phase 2
antigen [48]. A fourfold rise in the titer of serum IgG antibodies against Phase 2 Nine Mile
strain is the gold standard for confirmation of acute Q fever by serology. Because of the need
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to detect a rise in titer, ELISA tests are not often used for diagnosis. There are human
ELISA tests commercially available, but these are primarily useful for serosurveys and
screening of large numbers of samples. The indirect fluorescent antibody test (IFA) is the
most common method to determine anti-C. burnetii 1gG titers [2e].

Although serology can work well for epidemiologic purposes, it is not a practical method for
acute diagnosis. During the first week of illness, it is common for results of an acute
serology specimen to be non-reactive. It takes an average of 7-10 days following illness
onset for 1gG antibodies to reach detectable levels. A convalescent serum sample should be
taken 3-6 weeks after the acute sample and results are not expected until 4-7 weeks after
initial presentation [1, 2¢]. Because of the diagnostic delay associated with serology, nucleic
acid detection by PCR is essential for diagnosis of acute Q fever. PCR works well to detect
C. burnetii DNA in serum or whole blood in the acute stage of the disease. PCR can give a
positive result on Q fever patient serum or whole blood from 1 to 17 days after onset of
symptoms. The ability of PCR to detect C. burnetiiis reduced as anti-C. burnetii antibodies
develop. When serum IgG against Phase 2 C. burnetii is detectable, PCR is only positive in
5% of patients [49]. Because PCR detects bacterial DNA, the ability to detect declines after
appropriate antibiotic treatment. Therefore, the specimen should be collected before or
shortly after (within 24-48 h) antibiotic administration [2¢]. Ideally, PCR and serology
should both be done on acute serum samples if Q fever is suspected [49].

Because Q fever is typically not initially suspected upon presentation with the non-specific
symptoms typically found in acute Q fever, laboratory methods are not normally used to
capture acute Q fever cases. Exceptions are in outbreak situations where clinical suspicion of
Q fever is high and complicated cases that have prolonged symptoms, which increases the
opportunity for multiple serum samples to be drawn.

For diagnosis of chronic Q fever, both serology and PCR can be used to confirm a diagnosis
if there is a compatible clinical presentation [50]. Unlike acute Q fever, chronic infections
are marked by high levels of 1gG antibodies against Phase 1 C. burnetii. In the absence of an
acute infection, a reciprocal antibody titer > 1:1024 is considered laboratory evidence of
chronic infection [50]; some chronic infections can result in extremely high titers (>
1:100,000). PCR is also often used to diagnose chronic infections, either on whole blood,
serum, or tissue. Tissue surgically removed to physically reduce the bacterial burden is a
useful diagnostic specimen and PCR performed on excised tissue can confirm the diagnosis.
However, the first indication of chronic Q fever typically comes from detection of high
Phase 1 antibody titers [51].

In addition to an elevated phase I 1gG titer, an identifiable nidus of C. burnetii infection is
typically used to diagnosis chronic Q fever [50]. Identification of the location of the
persistent infection is important and imaging techniques such as echocardiography or 18F-
fluorodeoxyglucose (18F-FDG)-PET/CT are often required [50]. C. burnetii valvular
infections are small and often missed on echocardiograms [52]. The transesophageal
echocardiogram (TEE) is more sensitive than a transthoracic echocardiogram (TTE) [53].
When an echocardiogram is inconclusive, 18F-FDG-PET/CT can be used to identify the
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nidus of infection [54]. Whenever possible, surgical removal of the infected tissue is
recommended. Patient outcomes improve with early surgical intervention and treatment [55].

Treatment

Doxycycline is the treatment of choice for acute Q fever. The pediatric dosage is 2.2 mg/kg
(maximum 100 mg per dose) twice a day for 2 weeks [2¢]. In short courses (< 5 days),
doxycycline does not result in significant dental staining in children 8 years or younger [56].
However, the long-term dental effects from 2 weeks of doxycycline administration to
children under 8 years have not been studied. Children with severe infection, regardless of
age, should receive 2 weeks of doxycycline, but children aged less than 8 years with mild,
uncomplicated illness may be treated with trimethoprim/sulfamethoxazole instead [1, 2¢]. If
neither doxycycline nor trimethoprim/sulfamethoxazole can be tolerated, newer macrolides
such as clarithromycin or azithromycin can be considered [57].

The recommended treatment for adult Q fever endocarditis is doxycycline and
hydroxychloroquine combination therapy for at least 18 months for native valve infections
and 24 months for prosthetic valves [2¢]. Specific guidelines for the treatment of pediatric Q
fever endocarditis do not exist. In the recently reported pediatric Q fever endocarditis cases,
11 out of 13 were placed on long-term doxycycline plus hydroxychloroquine therapy.
Duration of therapy ranged from 6 to 36 months, with 18 months being the most commonly
reported duration [41, 43¢]. The exceptions were one patient that was reported to be allergic
to doxycycline plus hydroxychloroquine and was placed on moxifloxacin and rifampin as an
alternative [40], and a second patient that was treated with doxycycline plus ciprofloxacin
[43+]. Although this latter patient was reported in 2018, the diagnosis and treatment were in
1998. At that time, the combination therapy of doxycycline plus a quinolone was common.
It was not until after the report by Raoult et al. in 1999 that the use of hydroxychloroquine
was considered the preferred therapeutic regimen [58]. During treatment, monthly serologic
testing should be established to evaluate if treatment is decreasing Phase | IgG titer levels

[2:].

Medical management of Q fever osteomyelitis is challenging. Debridement of infected bone
improves the patient’s symptoms but does not always prevent reoccurrence [46¢]. There are
no established guidelines for the treatment of pediatric Q fever osteomyelitis and published
case reports show that healthcare providers have used various combinations of rifampicin,
ciprofloxacin, azithromycin, doxycycline, hydroxychloroquine, or trimethoprim/
sulfamethoxazole for treatment (Fig. 1) [43+, 44-47]. Doxycycline plus hydroxychloroquine,
which is the recommended treatment for adult Q fever endocarditis, was the most common
therapy used at some point in the patient’s treatment. Multiple patients experienced recurrent
episodes while on antibiotic therapy, including patients on doxycycline and
hydroxychloroquine treatment [43+, 46¢]. However, some patients’ osteomyelitis resolved
after debridement without the aid of antibiotics [46, 47]. Length of antibiotic therapy
ranged from 1.5 to 43 months, although several patients were still on therapy at the time of
publication [43e, 44-47]. Immunomodulatory therapies, such as interferon gamma, were not
effective for some patients. High-dose steroids (i.e., methylprednisolone), similarly, did not
prove to be consistently effective across patients [46¢]. However, the number of reported
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patients receiving these therapies is small, and thus, definitive conclusions on the
effectiveness of adjunct therapies cannot be drawn.

Conclusions

Q fever remains a rare, and potentially under-recognized, disease in children. The acute
disease clinical presentation is non-specific and mimics more common childhood diseases,
making clinical suspicion for acute Q fever low. Chronic Q fever cases in children are even
more infrequent and patients might receive multiple misdiagnoses prior to identifying
persistent infection with C. burnetii. Q fever endocarditis can be an issue for pediatric
patients, and almost all cases recently identified were in patients with a pre-existing cardiac
valve repair. Pediatric patients with Q fever osteomyelitis often are misdiagnosed initially
with the autoinflammatory disorder chronic relapsing multifocal osteomyelitis. Currently,
there are no recommended guidelines for treatment of chronic Q fever in children. Recent
published cases report use of doxycycline and hydroxychloroquine in pediatric Q fever
endocarditis patients, but a variety of antimicrobial therapy combinations were utilized for
pediatric Q fever osteomyelitis with varying degrees of success. Long-term follow-up of
pediatric Q fever patients is lacking, and the impacts of childhood infection on adult health
and quality of life remain unknown.
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Fig. 1.
Antibiotic therapy combinations used for the treatment of pediatric osteomyelitis, as

reported by published case reports from 2014 to 2018 [43+, 44-47]. No established
guidelines exist for the treatment of pediatric osteomyelitis. Healthcare providers have tried
a variety of antibiotics after surgical debridement and often switch drug combinations after
osteomyelitis recurrence. Some patients experienced clinical resolution on a certain drug
combination, while other patients had their osteomyelitis recur. Three patients in recent
literature improved without any antibiotic therapy. Doxy., doxycycline; Hydroxy.,
hydroxychloroquine; Rif., rifampin; Cipro., ciprofloxacin; Azithro., azithromycin; Tri.
Sulfa., trimethoprim/sulfamethoxazole. A single asterisk indicates some reports of
reoccurrence while on this antibiotic therapy
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