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Accuracy of serum LDH elevation for the diagnosis
of Pneumocystis jiroveci pneumonia
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Summary

In 328 immunocompromised patients, 105 with and 193
without Pneumocystis jiroveci pneumonia (PCP), serum
lactate dehydrogenase (LDH) was analysed retrospectively,
taking into consideration the time interval from the onset of
symptoms to the start of specific therapy. 97 of the 105 PCP
patients were negative for human immunodeficiency vir-
us (HIV). Eight were positive. Of the 193 patients without
PCP 134 were HIV-negative and 59 were HIV-positive. In
HIV-negative patients the sensitivity of LDH elevation was
63% and specificity 43%. In HIV-positive patients sensitiv-
ity was 100% and specificity 47%. The overall accuracy of
LDH for the diagnosis of PCP was 52%, 51% in HIV-neg-
ative and 58% in HIV-positive patients.
Except for its sensitivity in HIV-positive patients, the value
of LDH for the diagnosis of PCP should not be overestim-
ated.

Abbrevations
BAL broncho-alveolar lavage
CR conventional x-ray
CT computed tomography
HIV human immunodeficiency virus
LDH serum lactate dehydrogenase
Li lithium
MDCT Multidetector computed tomography
PCP Pneumocystis jiroveci pneumonia
PJ Pneumocystis jiroveci

PCR polymerase-chain reaction
U unit

Key words: pneumonia; lactate dehydrognase;
immunosuppression; immunodeficiency; serum test;
accuracy

Introduction

Pneumocystis jiroveci pneumonia (PCP) remains a serious
complication in immunocompromised hosts [1]. Features
of PCP in human immunodeficiency virus (HIV)-negative
immunocompromised patients differ significantly from
those of HIV-related disease [2–4]. HIV-negative patients
with PCP may have a lower organism burden in the lungs
[5], often experience an abrupt onset of symptoms and
a shorter duration of symptoms prior to seeking medical
evaluation, and rarely develop cystic lung disease [2–4].
These observations suggest that host responses to Pneumo-
cystis jiroveci (PJ) may be different, which may reflect
differences in underlying immunodeficiency states [2, 3].
Thus extrapolation of the sensitivity of LDH for HIV-re-
lated PCP to HIV-negative patients may not be appropriate.
LDH is a cytoplasmic enzyme present in all major organ
systems. The extracellular appearance of LDH indicates
cell damage or cell death [6]. Consequently, it is a very
unspecific marker. In HIV-positive patients with atypical
pneumonia, LDH elevation correlates well with the degree
of lung tissue damage, and its sensitivity for PCP is repor-
ted to be up to 100% [6]. However, a review of the liter-
ature addressing the issue of serum LDH elevation in non-
HIV PCP showed that to date no study dealing with this
problem has been published. Indeed a reliable, sensitive
and inexpensive test for non-HIV PCP would be of consid-
erable clinical interest, especially considering the low sens-
itivity of conventional x-rays in the early phase of non-HIV
PCP. The present study retrospectively analyses and com-
pares both the sensitivity and specificity of serum LDH for
PCP in patients with and without HIV infection.
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Material and methods

All cases of broncho-alveolar lavage (BAL) – specimens
analysed positive or negative for PCP – were identified ret-
rospectively by reviewing microbiological records of the
period 2006–2010. Patients tested positive could be ad-
ditionally identified for the period 2002–2006. The test
for Pneumocystis jiroveci (PJ) was performed by both
polymerase-chain reaction (PCR) and by staining and mi-
croscopy in all cases.
Patients’ records were reviewed for assessment of the un-
derlying condition, the onset and duration of symptoms and
the specific therapy given. The publication of patients’ data
was approved by our institutional review board.

Patients tested positive for PCP
Radiological and medical records documenting PCP on one
or more thin-section computed tomographies (CTs) and
PCP as a discharge diagnosis were reviewed respectively
to confirm the diagnosis. PCP was confirmed by all 3 spe-
cialities (microbiology, radiology and infectiology) in all
patients included. Serum LDH values were determined at
least during the time interval from the onset of symptoms
to administration of specific antibiotic therapy. Another cri-
terion for inclusion was the absence of pulmonary co-infec-
tion or co-morbidity during the time period studied.
BAL was carried out on average 1 day after the first thin-
section CT (range, one day before to 6 days after) and on
average 0 days prior to or following LDH analysis (range 2
days before to 5 days after). The course of serum LDH was
analysed with respect to elevation over the standard value
and/or formation of a peak during the time interval from the
onset of symptoms to the start of specific antibiotic therapy.
A peak was defined as a high value which is higher than
the average of all other values documented for the patient
by 30%.
LDH analysis was performed photometrically from 2 ml li-
heparin plasma per patient using the ADVIA 1800 system
(Siemens Healthcare Diagnostics Eschborn). The reference
range for this method is 120 U/L to 246 U/L, which is equi-
valent to the 95% confidence interval in healthy subjects.
As the relative standard variance for this method has been
calculated as 1–2% for our laboratory, the upper limit of the
normal range for LDH at our institution is <250 U/L.
Chest CTs were obtained on multidetector (MD) CT scan-
ners with 4, 16 or 64 detector rows (Somatom Sensation 4,
16 or 64, Siemens Medical Engineering, Forchheim, Ger-
many). All images were reconstructed with 1 mm slice
thickness. Initial and follow-up thin-section chest CTs were
evaluated during routine and again retrospectively in an in-
dependent fashion by two trained observers (authors 1 and
7) in order to confirm or reject the diagnosis [3, 8, 9]. In
case of discrepancy, decisions were reached by consensus.
In patients with more than one CT an increase in pulmon-
ary infiltrates before and/or regression after the administra-
tion of specific therapy was necessary to confirm PCP.

Patients tested negative for PCP
As the sensitivity of PCR from BAL specimens for the dia-
gnosis of PCP is up to 100% [10], a negative PCR test was
regarded as sufficient to rule out PCP. In patients tested

negative more than once only the 1st episode was included.
To be included in the group without PCP a patient had to be
immunocompromised, to have a BAL specimen tested neg-
ative for PCP and at least one LDH value analysed between
the onset of pulmonary symptoms and the start of specific
therapy.

Statistics
In all patients calculations were performed using JMP IN
4.0 (SAS Inst. Inc. Cary NC 2003). In patients with PCP
the duration of symptoms until LDH analysis was correl-
ated with the LDH values by linear regression and the
groups with normal and elevated LDH were compared re-
garding the duration of symptoms until LDH analysis by
Student’s t-test. A p-value <0.05 was regarded as signific-
ant.

Results

Data concerning all patients are listed on table 1.

Patients with PCP
A total of 189 patients with BAL specimens positive for
PCP were identified. LDH values of the time interval from
the onset of clinical symptoms to the start of therapy were
available for 116 of the 189 patients. All patients but two
had undergone chest CT. Of the remaining 114 patients 9
had to be excluded for suspected or proven co-infection or
pulmonary co-morbidity, such as toxic lung damage due to
medication (n = 1), transfusion-induced lung injury (n = 1),
pulmonary aspergillosis (n = 3), cytomegalovirus (CMV)
infection (n = 2), radiation-induced fibrosis (n = 1) or usual
interstitial pneumonia (n = 1).
None of the remaining 105 PCP patients received specific
inhaled or other antibiotic PCP prophylaxis at least 2
months prior to the onset of symptoms. 58 patients (55%)
were already receiving broad-spectrum antibiotics at the
time of diagnosis. The specific PCP treatment was sulfon-
amides (n = 57), atorvaquone (n = 21), clindamycin (n =
5), a combination of different antibiotics (n = 24) or pent-
amidine (n = 3). Additional corticosteroids were started (n
= 39), continued (n = 46), added more than one week later
(n = 5) or not used (n = 5).
The median time from the onset of the clinical symptoms
to the first CT (CT1) was 5 (mean 9, range 0–61) days
in all patients. 101 of the 105 patients had more than one
CT during PCP. LDH profiles were available for a median
time period of 463 days (mean 571, range 1–1672) in all
patients. In 69 of the 105 patients (66%) LDH was above
the normal level. It was elevated in 8 of the 8 HIV-positive
(100%) and in 61 of the 97 HIV-negative patients (63%). In
a total of 47 patients, 6 with normal and 41 with elevated
LDH, the LDH profile showed a peak during PCP. In 35 pa-
tients there was more than one other episode of LDH elev-
ation due to other reasons and in 10 patients LDH changes
were not in any way correlated with the course of the infec-
tious episode. In the 69 patients with elevated LDH the first
pathological LDH value was measured a median time of 3
days after the beginning of clinical symptoms (mean 2 days
before, range 80 days before to 80 days after). The median
time from the onset of symptoms to the highest LDH value
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was 6 (mean 10, range 0–55) days in the 47 patients with
an LDH peak before the start of specific therapy. No sig-
nificant correlation of the duration of symptoms and LDH
values or elevation could be found. More results, including
sensitivity of LDH elevation, are listed in table 2.

Patients without PCP
A total of 343 patients with BAL specimens negative for
PCP were identified. LDH values for the time interval from
the onset of clinical symptoms until the start of therapy
were available for 217. 193 of these 217 patients had an
obvious immunocompromising underlying condition, and
were thus included in the study.
The results of patients without PCP including specificity of
LDH elevation are listed in table 3.
Taking all patients together, LDH analysis produced a con-
cordant result (elevation in patients with and no elevation
in patients without PCP) in 155 of the 298 patients (52%).
LDH values were in agreement in 39 of 67 HIV-positive
(58%) and in 118 of 231 HIV-negative patients. Consecut-
ively, the accuracy of LDH elevation for the diagnosis of
PCP was calculated at 52% in all patients, 51% in HIV-neg-
ative and 58% in HIV-positive patients.

Discussion

In the early phase of PCP pulmonary infiltrates are often
too slight to be depicted on the conventional x-ray (CR).
Hence there is all the more demand for other inexpensive

but sensitive diagnostic tools [11]. The sensitivity of LDH
for the diagnosis of PCP has been repeatedly described as
nearly 100% in HIV-positive patients [6, 12]. Hence all 8
HIV-positive patients in our study had elevated LDH val-
ues in the time from the onset of clinical symptoms to the
start of specific therapy, confirming previous results. In
HIV-negative patients, however, elevation of serum LDH
yielded a sensitivity of only 64% in our study, regardless
of the duration of disease until LDH analysis. In a way
this appears to contradict a study by Festic et al. reporting
LDH elevation in 29 of 30 patients with non-HIV PCP
[13]. However, the study cited included only patients with
advanced disease presenting with acute respiratory failure
implying a high degree of tissue damage and cell death.
Another study including 4 patients with collagen vascular
diseases yielded a sensitivity of 100% and a good correla-
tion of LDH with PCP activity as monitored on CR [14]. In
our study all the patients included were referred for chest
CT examinations which often revealed slight lung dam-
age, too little to be depicted on CR. Consequently, much
earlier stages of PCP were included in our patient cohort.
As a longer duration of symptoms was correlated neither
with higher LDH values nor with a higher ratio of elevated
LDH-values, this does not completely explain discrepan-
cies with existing literature data. As there may be differen-
ces in individual profiles and standard values, the sensitiv-
ity of a peak formation with and without elevation over the
laboratory’s standard value was considered in this study.
The sensitivity of an LDH peak, however, was even lower

Table 1: Data of all patients

All patients PCP-positive PCP-negative

No. of patients 298 105 193

Male/female (n of patients) 168/130 62/43 106/87

Age (years) 17–82 (median 58; mean 56) 17–82 (median 62; mean 59) 22–82 (median 57; mean 55)

Duration of symptoms before LDH analysis (days) 1–84 (median 8; mean 10) 1–84 (median 7; mean 11) 1–42 (median 8; mean 9)

LDH elevation (n of patients) 176 69 107

Table 2: Patients with PCP and sensitivity of LDH

Underlying diseases of the 105 patients with PCP n (%) LDH elevation n (%) sensitivity of LDH in %

Haematological malignancies

with stem cell transplantation
(mean 490, range 31–878 days before)

52 (50)

7 (7)

30/52 (58)

4/7 (58)

58

58

Collagen vascular diseases 18 (17) 16/18 (89) 89

Solid tumors 16 (15) 8/16 (50) 50

Solid organ transplantation 10 (9) 7/10 (70) 70

HIV infection 8 (8) 8/8 (100) 100

Congenital immunodeficiency syndrome 1 (1) 0/1 (0) 0

All patients 105 69/105 (66) 66

Table 3: Patients without PCP and specificity of LDH

Underlying diseases of the 193 patients without PCP n (%) LDH elevation n (%) Specificity of LDH in %

Haematological malignancies

with stem cell transplantation
(mean 224; range 20–378 days before)

89 (46)

8 (4)

63/89 (71)

4/8 (50)

29

50

Collagen vascular diseases 6 (3) 2/6 (33) 66

Solid tumors 30 (16) 7/30 (23) 77

Solid organ transplantation 7 (4) 4/7 (57) 43

HIV infection 59 (31) 31/59 (53) 47

Severe anorexia nervosa 2 (1) 0/1 (0) 100

All patients 193 107/193 (55) 45
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than that of an elevation alone. All in all the sensitivity of
LDH elevation for PCP was 67%, 64% in HIV-negative
and 100% in HIV-positive patients. Thus a negative LDH
level does not exclude acute PCP in HIV-negative immun-
ocompromised patients. A previous study in HIV-positive
patients showed that LDH does not qualify as a specific
marker for PCP [12]. This was confirmed by our evaluation
for both HIV-positive and HIV-negative patients. The lack
of specificity of LDH is chiefly explained by its ubiquitous
intracellular prevalence [6]. In conclusion, in HIV-negative
patients in particular more accurate diagnostic tools, such
as BAL and CT, should be used for the diagnosis of PCP.
Further, except for its sensitivity in HIV-positive patients,
the value of LDH for the diagnosis of PCP should not be
overestimated.

Limitations

Our study has several limitations: to be considered in the
first place is the retrospective setting. LDH had not been
quantified in all patients whose BAL specimens were ana-
lysed for PJ. On the other hand an elevated LDH level
may have strengthened suspicion of PCP and prompted the
quest for PJ in BAL specimens. This might have weakened
the retrospectively calculated specificity of LDH.
Moreover, the duration of symptoms, which is recorded ret-
rospectively in the majority of studies, is even more prone
to inaccuracy in a prior retrospective setting. Thus a pro-
spective study would be desirable to confirm our results.

We would like to thank Dr. Andreas Peter, Department
of Internal Medicine Division of Endocrinology, Metabol-
ism, Pathobiochemistry and Clinical Chemistry, University
Hospital Tübingen, for the detailed information on technic-
al parameters of LDH analysis.

Study funding / potential competing
interests

No financial support and no other potential conflict of in-
terest relevant to this article was reported.

References

1 Thomas CF Jr, Limper AH. Pneumocystis Pneumonia. N Engl J Med.
2004;350:2487–98.

2 Kovacs JA, Hiemenz JW, Macher AM, Stover D, Murray HW, Shel-
hamer J, et al. Pneumocystis carinii Pneumonia: A Comparison
Between Patients with the Acquired Immodeficiency Syndrome and
Patients with Other Immunodeficiencies. Ann of Int Med.
1984;100(5):663.

3 Hardak E, Brook O, Yigla M. Radiological Features of Pneumocystis
jirovecii Pneumonia in Immunocompromised Patients with and
Without AIDS. Lung. 2010;188(3):159–63.

4 Nüesch R, Bellini C, Zimmerli W. Pneumocystis carinii Pneumonia in
Human Immunodeficiency Virus (HIV)-Positive and HIV-Negative Im-
munocompromised Patients.

5 Limper AH, Offord KP, Smith TF, Martin WJ II. Pneumocystis carinii
pneumonia: differences in lung parasite number and inflammation in
patients with and without AIDS. Am Rev Respir Dis.
1989;140:1204–9.

6 Glick JH jr. Serum lactate dehydrogenase isoenzyme and total lactate
dehydrogenase values in health and disease, and clinical evaluation
of these tests by means of discriminant analysis. Am J Clin Pathol.
1969;52(3):320–8.

7 Boldt MJ, Bai TR. Utility of Lactate Dehydrogenase vs Radiographic
Severity in the Differential Diagnosis of Pneumocystis carinii Pneumo-
nia. CHEST. 1997;111(5):1187–92.

8 Bollée G, Sarfati C, Thiéry G, Bergeron A, de Miranda S, Menotti J, et
al. Clinical Picture of Pneumocystis jiroveci Pneumonia in Cancer Pa-
tients. CHEST. 2007;132(4):1305–10.

9 Vogel MN, Brodoefel H, Hierl T, Beck R, Bethge WA, Claussen CD,
et al. Differences and similarities of cytomegalovirus and pneumocystis
pneumonia in HIV-negative immunocompromised patients thin section
CT morphology in the early phase of the disease. Br J Radiol.
2007;80(955):516–23.

10 Azoulay É, Bergeron A, Chevret S, Bele N, Schlemmer B, Menotti J.
Polymerase Chain Reaction for Diagnosing Pneumocystis Pneumonia
in Non-HIV Immunocompromised Patients With Pulmonary Infiltrates.
Chest. 2009;135;655–61.

11 Gruden JF, Huang L, Turner J, Webb WR, Merrifield C, Stansell JD,
et al. High-Resolution CT in the Evaluation of Clinically Suspected
Pneumocystis carinii Pneumonia in AIDS patients with Normal, Equi-
vocal or Nonspecific

12 Quist J, Hill AR. Serum Lactate Dehydrogenase (LDH) in Pneumo-
cystis carinii Pneumonia, Tuberculosis and Bacterial Pneumonia. Chest.
1995;108:415–8. Radiographic Findings. AJR. 1997;169:967–75.

13 Festic E, Gajic O, Limper AH, Aksamit TR. Acute Respiratory Failure
Due to Pneumocystis Pneumonia in Patients Without Human Immun-
odeficiency Virus Infection*. CHEST. 2005;128(2):573–9.

14 Chechani V, Bridges A. Pneumocystis carinii pneumonia in patients
with connective tissue disease. CHEST. 1992;101(2):375–8.

Short communication Swiss Med Wkly. 2011;141:w13184

Swiss Medical Weekly · PDF of the online version · www.smw.ch Page 4 of 4


	Accuracy of serum LDH elevation for the diagnosis of Pneumocystis jiroveci pneumonia
	Summary
	Introduction
	Material and methods
	Results
	Discussion
	Limitations
	Study funding / potential competing interests
	References


