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Abstract 

We encountered 2 cases of hypophosphatemia due to Legionella pneumonia. Both cases 

showed increased urinary phosphate excretion and renal tubular dysfunction, which amelio-

rated with recovery from Legionella pneumonia. Serum fibroblast growth factor-23 level was 

suppressed, whereas serum 1,25(OH)2 vitamin D and parathyroid hormone levels were nor-

mal. Delayed elevation of serum 1,25(OH)2 vitamin D levels was observed with improvement 

in renal tubular function. These findings suggested hypophosphatemia might be mediated 

by renal tubular dysfunction. © 2016 The Author(s) 

 Published by S. Karger AG, Basel 

Background 

Legionella pneumophila is a common cause of community-acquired pneumonia. It is well 
known that patients with Legionella pneumonia present with multisystemic extrapulmonary 
manifestations, such as electrolyte disorders, renal dysfunction, and liver dysfunction [1]. 
Among the electrolyte disorders, hypophosphatemia is noted as one of the common features 
and is used as part of the diagnostic criteria for Legionella pneumonia [2]. However, its de-
tailed mechanism remains unclear. In general, phosphate homeostasis is mainly regulated by 
the endocrine system, specifically by parathyroid hormone (PTH), 1,25(OH)2 vitamin D, and 
fibroblast growth factor-23 (FGF-23) [3]. We report 2 cases of Legionella pneumonia compli-
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cated with hypophosphatemia and the evaluated mineral homeostatic regulators associated 
with phosphate control. 

Case Presentations 

Case 1 

A 54-year-old male visited the emergency department because of fatigue and fever a day 
before admission. He did not have any respiratory or abdominal symptoms. The patient’s 
medical history revealed that he had started treatment for hypertension 3 years ago and that 
he had been prescribed valsartan (80 mg/day) and amlodipine (5 mg/day). Physical exami-
nation showed a BMI of 27.5 kg/m2, blood pressure of 156/96 mm Hg, pulse rate of 137 
bpm, temperature of 40.1°C, oxygen saturation of 95% (room air), and crackles at the base of 
the right lung.  

CT was performed, and ground-glass opacities were detected in the right middle and 
lower lobes. Considering these clinical findings together with a positive urinary test for Le-
gionella antigen (Binax, Portland, Maine, USA), a diagnosis of Legionella pneumonia was 
confirmed. Laboratory data on admission are summarized in table 1. The patient had mild 
renal dysfunction and hypophosphatemia, while the other electrolytes were within the nor-
mal range. Glycemic control was within the ideal range. Arterial blood gas measurement 
demonstrated hypoxemia and mild respiratory alkalosis. Furthermore, urinary analysis re-
vealed proteinuria, glycosuria, panaminoaciduria, and phosphaturia. Urinary N-acetyl-β-D-
glucosaminidase (U-NAG) and urinary β2-microglobulin (U-β2-MG) levels were also elevat-
ed.  

After initiation of antibiotic therapy, serum C-reactive protein (CRP) levels improved 
(fig. 1). The elevation of U-NAG and U-β2-MG also improved with recovery from pneumonia. 
Glycosuria, proteinuria, panaminoaciduria, and phosphaturia also improved rapidly. Serum 
phosphate and ratio of maximal tubular reabsorption of phosphorus/glomerular filtration 
rate (TmP/GFR) levels reached the normal range on the 5th day after admission. 

Case 2 

A 71-year-old male presented with fever, nausea, and fatigue 3 days before admission. 
He did not have any respiratory or abdominal symptoms. He had been previously healthy 
and had not taken any drugs. Physical examination showed a BMI of 21.7 kg/m2, blood pres-
sure of 140/90 mm Hg, pulse rate of 102 bpm, temperature of 40.1°C, oxygen saturation of 
95% (2 liter/min, nasal cannula), and crackles in the left lung. 

Chest CT showed ground-glass opacities in all lobes of the left lung. A urinary test for 
Legionella antigen was positive, and the diagnosis of Legionella pneumonia was confirmed. 
Laboratory analyses on admission are summarized in table 1. Serum creatinine levels were 
within the normal range (0.88 mg/dl), and estimated GFR was 65.6 ml/min/1.73 m2. Arterial 
blood gas measurement revealed hypoxemia and mild respiratory alkalosis. Hypophos-
phatemia, phosphaturia, and renal tubular dysfunction were also present. As for mineral 
homeostatic regulators, serum FGF-23 level was unmeasurably low, 1,25(OH)2 vitamin D 
was within the normal range (57.2 pg/ml, normal range: 20.0–60.0), and intact PTH (i-PTH) 
was not elevated (30 pg/ml, normal range: 15.0–68.0) on admission. 

After administration of ciprofloxacin at 600 mg/day, the levels of serum CRP, U-NAG, 
and U-β2-MG improved (fig. 2). Renal tubular dysfunction, including glycosuria, proteinuria, 
panaminoaciduria, and phosphaturia, improved with recovery from pneumonia. Delayed 
elevation of 1,25(OH)2 vitamin D levels was present on the 3rd day after admission. Serum 
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FGF-23 levels gradually increased with improvement in renal tubular dysfunction, serum 
phosphate, and TmP/GFR levels. Serum i-PTH levels did not increase during the whole peri-
od. 

Discussion 

Hypophosphatemia is a common complication associated with Legionella pneumonia, 
although the underlying mechanism is unclear [1]. We presented 2 cases of Legionella 
pneumonia with hypophosphatemia. Both showed increased renal phosphate excretion on 
admission, which rapidly resolved during recovery from Legionella pneumonia. 

Renal phosphate reabsorption takes place mostly in the proximal renal tubules. In gen-
eral, the etiology of increased renal phosphate excretion includes 2 main causes: proximal 
renal tubular dysfunction, such as Fanconi syndrome, and a disorder of the physiological 
mineral homeostatic regulators such as FGF-23, PTH, and 1,25(OH)2 vitamin D [4]. The pre-
sent cases demonstrated elevated U-NAG and U-β2-MG levels, proteinuria, glycosuria, and 
panaminoaciduria, all of which resolved rapidly with improvement of Legionella pneumonia. 
These findings suggest that proximal renal tubular dysfunction may occur transiently in 
cases of Legionella pneumonia. A recent report also demonstrated that Legionella pneumo-
nia triggered the acquired Fanconi syndrome [5]. However, no report has measured mineral 
homeostatic regulators in Legionella pneumonia. In the present case 2, serum FGF-23 level 
was unmeasurably low on admission and gradually increased as serum phosphate levels 
normalized, whereas serum PTH levels were not elevated during the whole period. These 
results suggest that both FGF-23 and PTH were not responsible for hypophosphatemia in 
Legionella pneumonia. Serum 1,25(OH)2 vitamin D level was within the normal range on 
admission despite the presence of severe hypophosphatemia. Three days after admission, 
delayed elevation of serum 1,25(OH)2 vitamin D level was observed with improvement of 
renal tubular dysfunction. Hypophosphatemia has been postulated to accelerate the produc-
tion of 1,25(OH)2 vitamin D through the activation of cytochrome p450 27B1 (CYP27B1) in 
renal proximal tubules [6, 7]. Previous reports have mentioned that impaired activation of 
1,25(OH)2 vitamin D is induced by proximal renal tubular dysfunction associated with tubu-
lointerstitial nephritis or Fanconi syndrome [8, 9]. Taking these facts into consideration, we 
speculated that there was a possibility that proximal renal tubular dysfunction caused the 
delayed elevation of 1,25(OH)2 vitamin D. It could be one of the additive reasons for hypo-
phosphatemia in Legionella pneumonia. Interestingly, serum FGF-23 levels gradually in-
creased with improvement in renal tubular function, serum phosphate, and TmP/GFR levels. 
Although the regulator of FGF-23 is still not fully understood, the time course of serum FGF-
23 levels gives us speculation that renal tubular function, renal phosphate excretion, and 
serum phosphate levels might contribute to the regulation of FGF-23 secretion.  

Known causes of proximal renal tubular dysfunction include congenital diseases, ad-
verse drug reactions, M-protein disorders, collagen diseases, and exposure to heavy metals 
[10]. In the present cases, proximal renal tubular dysfunction could have been caused by 
Legionella pneumonia itself because the findings of renal tubular dysfunction were resolved 
when Legionella pneumonia improved, and the patients did not have any other causes. How-
ever, its mechanism remains unclear. Legionella pneumophila is a well-known facultative 
intracellular bacterium. To avoid interaction with host cell lysosomes and proliferative 
pathogens, Legionella pneumophila requires components of many host cell organelles, such 
as endosomes, mitochondria, ribosomes, and endoplasmic reticulum [11]. As for renal com-
plications, tubulointerstitial nephritis and the presence of Legionella pneumophila itself were 
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confirmed by renal biopsy [12–14]. Histologically, renal proximal tubules include numerous 
mitochondria required to supply energy for reabsorption [15]. Considering these features, 
we speculated that renal proximal tubules might be the most susceptible tissues because of 
the presence of mitochondria-rich lesions.  

As a limitation, we evaluated mineral homeostatic regulators in only 1 of the present 
cases. However, there were no previous reports that showed its regulators in Legionella 
pneumonia, and thereby we considered that the present cases were worth reporting. 

In conclusion, our cases suggested that hypophosphatemia due to Legionella pneumonia 
was caused not by FGF-23 and PTH but by renal tubular dysfunction. Furthermore, delayed 
1,25(OH)2 vitamin D activation may initially affect hypophosphatemia. 
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Table 1. Laboratory findings on admission 

    
    
 Reference Patient 1 Patient 2 

    
    
Biochemistry (serum) 

Creatinine, mg/dl .0.5–1.2 1.39 0.88 

eGFR, ml/min/1.73 m2  43.1 65.6 

Urea nitrogen, mg/dl .8.0–20.0 20.2 18.4 

Sodium, mEq/l 135–147 137 132 

Potassium, mEq/l .3.3–4.8 3.6 4.1 

Chloride, mEq/l 098–108 101 102 

Phosphate, mg/dl .2.7–4.7 1.2 1.8 

Corrected calcium, mg/dl .8.6–11.0 8.7 9.3 

Magnesium, mg/dl .1.7–2.4 1.8 2.1 

CRP, mg/dl 000–0.3 25.3 30.9 

Glucose, mg/dl 070–109 141 176 

  Blood gasses 

pH 7.35–7.45 7.485 7.458 

pCO2, mm Hg 0.35–45 30.9 27.7 

HCO3–, mmol/l 0.23–28 22.8 19.1 

  Urinalysis 

pH 4.8–7.5 6.5 6.0 

Proteinuria  4+ 2+ 

Proteinuria, g/gCr  0.4 1.1 

Glucose  2+ 2+ 

Glucose, mg/dl 0.0–30 469 926 

NAG, IU/l 0.0–7.4 11.3 16.6 

β2-MG, μg/l .20–300 54,400 80,800 

TRP, %  87 74 

TmP/GFR  1.8 1.32 

Panaminoaciduria  + + 

  Mineral homeostatic regulators 

1,25(OH)2 vitamin D, pg/ml 20.0–60.0  57.2 

i-PTH, pg/ml 15.0–68.0  30 

FGF-23, pg/ml   <5 

    
    
eGFR = Estimated GFR; TRP = tubular reabsorption of phosphate. 
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Fig. 1. Clinical course of case 1. CPFX = Ciprofloxacin; AZM = azithromycin; P = phosphate. 

 

 

 

Fig. 2. Clinical course of case 2. CPFX = Ciprofloxacin; CAM = clarithromycin; P = phosphate. 
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