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Abstract
Background: To investigate whether red blood cell distribution width (RDW), platelet 
distribution width (PDW), and red blood cell distribution width to platelet ratio (RPR) 
can serve as biomarkers to distinguish hemophagocytic lymphohistiocytosis (HLH) 
from sepsis in children.
Methods: This is a retrospective study, involving 71 HLH patients, 105 sepsis patients, 
and 88 normal controls from January 2018 to December 2019. RDW, PDW, and RPR 
values were obtained from peripheral blood samples before standard treatment. The 
clinical differential diagnostic values of RDW, PDW, and RPR were analyzed by re-
ceiver operating characteristic (ROC) curve. In addition, peripheral blood samples 
after treatment from HLH patients were also collected for the same analyses.
Results: RDW, PDW, and RPR levels of the HLH patients were significantly higher than 
those of sepsis and normal controls (p < 0.001). In ROC curve analysis of the RDW, 
PDW, and RPR for diagnosis of HLH, the area under the curve (AUC) could reach to 
0.7799 (95% CI  =  0.7113–0.8486), 0.7835 (95% CI =  0.7093–0.8577), and 0.9268 
(95% CI  =  0.8886–0.9649), respectively. When using the criteria of RDW >13.75, 
PDW >13.30, and RPR >0.08, the sensitivity was 76.06%, 67.61%, and 84.51%, while 
the specificity was 68.57%, 85.71%, and 87.62%, respectively. After treatment of 
HLH patients, PDW and RPR were significantly reduced (p < 0.001).
Conclusions: This study shows that RDW, PDW, and RPR, which can be easily and 
cheaply detected, are novel indicators for differential diagnosis of HLH. PDW and 
RPR are useful indices for monitoring the effects of treatment on HLH.
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1  |  INTRODUC TION

Hemophagocytic lymphohistiocytosis (HLH) is a severe rare 
syndrome characterized by pathologic immune activation and 
hyperinflammation with harmful effects on multiple organs.1,2 
The clinical presentations of HLH may include fever, cytopenias, 
splenomegaly, and hyperferritinemia, none of which is specific 
for this rare though life-threatening condition.3–5 HLH patients 
can quickly develop hepatitis, liver failure, coagulation disorders, 
central nervous system involvement, multiple organ failure, and 
other manifestations, leading to a high mortality rate.6 Prior to 
the initiation of HLH directed therapy, the long-term survival 
rate of HLH was about 95%.7 Although the histiocytic society 
has established a set of clinical and laboratory criteria for HLH-
94 and HLH-2004 clinical trials to help formalize the diagnosis 
of HLH syndrome, most of the diagnostic items of the syndrome 
are nonspecific, so the delay of diagnosis and misdiagnosis often 
remains a significant concern.8,9 Moreover, HLH shares similari-
ties with other inflammatory states, for example, sepsis, and the 
high inflammatory response present in both states of HLH and 
sepsis provides overlapping clinical features, including fever and 
worsening performance status. Worse still, the differential diag-
nosis of HLH and sepsis is critically important because the life-
saving aggressive immunosuppressive treatment, required in the 
effective HLH therapy, is absent in sepsis guidelines. Therefore, 
early recognition and initiation of therapy are therefore of ut-
most importance. Thus, we enrolled HLH and sepsis patients in 
this study to identify new diagnostic biomarkers to distinguish 
HLH from sepsis.

Systemic inflammation is associated with changes in quantity 
and composition of circulating blood cells. Recent studies have 
reported that the number and ratio of complete blood cell (CBC) 
subset in inflammatory diseases. Red blood cell distribution width 
(RDW), an indicator of the size variability of circulating red blood 
cells, has been associated with various inflammatory conditions, 
such as chronic kidney disease,10 irritable bowel disease,11 thy-
roiditis,12 rheumatoid arthritis,13 malignancy,14 and diabetes melli-
tus.15 All of these conditions are characterized with inflammatory 
burden. Platelet distribution width (PDW) is a marker of platelet 
unequal red blood cells, which describes the size distribution of 
platelets produced by megakaryocytes and increases with platelet 
activation.16 PDW has been associated with coronary heart dis-
ease,17 liver steatosis,18 irritable bowel syndrome,19 and diabetic 
nephropathy.20 All of these diseases are related with increased 
inflammation, too. The role of RDW to platelet count ratio (RPR), 
as a novel inflammatory predictor, has been established in hepa-
tosteatosis18 and in type 2 diabetes mellitus.15 Interestingly, to 
our knowledge, there is almost no research on the clinic value of 
RDW, PDW, and RPR in HLH patients. Here, we report our finding 
of increased RDW, PDW, and RPR in HLH patients and discuss the 
implications of this finding.

2  |  MATERIAL S AND METHODS

2.1  |  Study participants

We conducted this retrospective study in the Children's Hospital of 
Zhejiang University School of Medicine. The study was approved 
by the ethics committee of the Children's Hospital of Zhejiang 
University School of Medicine. All the guardians of the participants 
gave a written consent and agreed their information to be used for 
research purposes. A total of 71 newly diagnosed HLH cases were 
recruited between January 2018 and December 2019 in this study. 
Children were classified into HLH if they meet at least five of the 
eight criteria of the International Histiocyte Society (2004-HLH cri-
teria) published in 200721: (a) persistent fever; (b) splenomegaly; (c) 
cytopenia of at least two lineages—hemoglobin <90 g/L, platelets 
<100 × 109/L, and neutrophils <1.0 × 109/L; (d) hypertriglyceridemia 
(≥3.0 mmol/L) and/or hypofibrinogenemia (fibrinogen ≤1.5 g/L); (e) 
hemophagocytosis in the bone marrow, spleen, or lymph nodes; 
(f) low or absent NK-cell activity; (g) hyperferritinemia (serum fer-
ritin ≥500  μg/L); (h) high levels of soluble interleukin-2 receptor 
(≥2400 U/ml). The soluble interleukin-2 receptor detection was una-
vailable during the period of this study. The diagnosis of sepsis was 
based on the presence of acute systemic inflammation symptoms 
and positive isolation of microorganism(s) cultured from a normally 
sterile site, including blood, peritoneal fluid, cerebrospinal fluid or 
tissue. In addition, 88 healthy individuals with no history of major 
diseases as well as with normal physical examination were recruited. 
The exclusion criteria of all the participants were as follows: cirrho-
sis, nonalcoholic fatty liver disease, obesity, lymphoma/leukemia, 
severe chronic disease, tumor, cardiovascular disease, human immu-
nodeficiency virus infection, and steroid treatment.

2.2  |  Examination methods

At admission, the peripheral blood samples were collected from all 
the participants for the first time. After treatment, peripheral blood 
samples from HLH patients would also be collected. Complete blood 
counts were analyzed by hematology analyzer bc-5310 (Mindray, 
China). RDW and PDW levels were gathered from patients’ com-
plete blood count, and RPR was calculated as the ratio of RDW and 
platelet counts. All operations were carried out in strict accordance 
with the standard operating procedures of the instrument, and the 
quality control meets the requirements.

2.3  |  Statistical analysis

The statistical analyses were carried out with SPSS 19.0 software. 
Descriptive statistics were performed, including frequency distri-
butions for categorical data and median (interquartile range) for 
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continuous variables. The nonparametric Mann-Whitney U test was 
used to analyze RDW, PDW, and RPR abundances in two groups. 
Receiver operating characteristic (ROC) curve was applied to analyze 
the differential diagnosis values of RDW, PDW, and RPR. Youden 
index (sensitivity + specificity—100%) was used to identify the op-
timal cutoff threshold value. The graphs were generated by using 
Graph Pad Prism 5.0 and MedCal version 19.7.2. A p value <0.05 was 
considered statistically significant.

3  |  RESULTS

3.1  |  Characteristics of participants

The enrolled 71 HLH patients included 29 boys (40.85%) and 42 
girls (59.15%), and 105  sepsis patients included 50 boys (47.62%) 
and 55 girls (52.38%), while 88 healthy individuals included 49 boys 
(55.68%) and 39 girls (44.32%). The data of clinical characteristics of 
HLH were analyzed and shown in Figure 1. Nearly all the patients 
demonstrated fever and splenomegaly were present in more than 
90% of the patients (fever: 70/71, 98.59% ;splenomegaly: 68/71, 
95.77%). Other clinical and laboratory tests included anemia (44/71, 
61.97%), neutropenia (38/71, 53.52%), thrombocytopenia (33/71, 
46.48%), hypofibrinogenemia (44/71, 61.97%), hypertriglyceridemia 
(28/71, 39.44%), hyperferritinemia (49/71, 69.01%), impaired NK-cell 
activity (47/71, 66.20%), and hemophagocytosis (20/24, 83.33%).

3.2  |  Comparison of RDW, PDW, and RPR between 
HLH, sepsis, and normal groups

We compared the levels of RDW, PDW, and RPR of the participants 
between HLH, sepsis, and normal controls. The median (interquartile 
range) values of RDW, PDW, and RPR in HLH patients were 14.90 
(13.80, 16.40), 14.90 (11.70, 17.00) and  0.139 (0.074, 0.245), and 
13.10 (12.20, 14.60), 10.40 (9.50, 12.20) and  0.033 (0.027, 0.042) 
in sepsis patients, while 12.40 (12.00, 12.80), 10.60 (9.50, 11.90) 
and 0.041 (0.035, 0.046) in normal controls. Results presented in 
Figure 2 clearly showed that compared with the sepsis and normal 
controls, HLH individuals had significantly higher levels of RDW, 

PDW, and RPR (p < 0.001). In addition, the levels of RDW were sig-
nificantly increased while decreased of RPR in children with sepsis 
compared with normal controls (RDW: p < 0.001; RPR: p < 0.01), but 
there was no significant differences between the sepsis and normal 
controls with regard to PDW (p > 0.05).

3.3  |  ROC analysis for differential diagnosis of 
HLH and sepsis

To determine whether the level of RDW, PDW, and RPR had dif-
ferential diagnostic value, the ROC curve was applied to analyze 
sensitivity and specificity and the Youden index was used to select 
the optimal cutoff. The AUC for RDW (95% CI = 0.7113–0.8486, 
p < 0.001), PDW (95% CI = 0.7093–0.8577, p < 0.001), and RPR 
(95% CI = 0.8886–0.9649, p < 0.001), which suggested sufficient 
accuracy and specificity, presented in Figure  3. With an optimal 
cutoff of RDW (13.75), PDW (13.30), and RPR (0.08) according to 
the Youden index, the sensitivity and specificity were the maximal. 
RDW had 76.06% sensitivity, 68.57% specificity, 62.07% positive 
predictive value (PPV), 80.90% negative predictive value (NPV), 
and 71.59% diagnostic efficiency. In addition, PDW had 67.61% 
sensitivity, 85.71% specificity, 76.19% PPV, 79.65% NPV, and 
78.41% diagnostic efficiency. Moreover, RPR presented the best 
differential diagnostic value of three hematological parameters. 
The data showed that the sensitivity, specificity, PPV, NPV, and 
diagnostic efficiency of RPR could reach 84.51%, 87.62%, 82.19%, 
89.32%, and 86.36%, respectively. Results of ROC curve analysis 
and selected cutoff points for RDW, PDW, and RPR were pre-
sented in Table 1.

3.4  |  RDW, PDW, and RPR levels in patients with 
HLH after treatment

We compared the differences of RDW, PDW, and RPR before and 
after treatment in HLH patients. The median (interquartile range) 
values of RDW, PDW, and RPR were 14.90 (13.80, 16.40), 14.90 
(11.70, 17.00), and 0.139 (0.074, 0.245) before treatment, respec-
tively, while 15.05 (12.80, 16.80), 10.80 (9.38, 15.78), and 0.056 

F I G U R E  1 Clinical and laboratory 
parameters of 71 patients with HLH. The 
bar represents the percentage of positive 
patients according to HLH-2004 criteria. 
Abbreviation: HLH, hemophagocytic 
lymphohistiocytosis
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(0.045, 0.089)after treatment, respectively. After clinical treat-
ment, expressions of PDW and RPR were statistically decreased 
(p  <  0.001), while the reduction in RDW was not statistically 
significant (p >  0.05). The detailed graphical representation was 
shown in Figure 4.

4  |  DISCUSSION

The differential diagnosis of HLH and sepsis is critically important 
because the life-saving aggressive immunosuppressive treatment is 
far different from those of sepsis children. The treatment of HLH 
requires repeated chemotherapy, while the treatment of sepsis de-
pends on the proper use of antibiotics.8 Moreover, HLH is a rare dis-
ease with poor prognosis and fatal outcome, with mortality rates 
as high as 95%.7 Therefore, timely diagnosis is crucial to initiate ad-
equate treatment and thus to improve prognosis. As demonstrated 
by Jordan et al22 early therapy reduces mortality to 30%–35%. Given 
the lack of specific diagnostic tests, we aim to identify rapid and sim-
ple biomarkers with high sensitivity and specificity to allow early de-
tection of HLH in HLH patients.

To the best of our knowledge, this is the first study to evaluate 
the role of RDW, PDW, and RPR in HLH for biomarkers development. 
The results indicated that RDW, PDW, and RPR in patients with 
HLH have higher values than those of sepsis and normal individu-
als. Moreover, the levels of RDW, PDW, and RPR are additional valid 

F I G U R E  2 Comparison of laboratory parameters—RDW, PDW, and RPR among different groups. A. The expression of RDW in patients 
with HLH, sepsis, and normal controls. B. The expression of PDW in patients with HLH, sepsis, and normal controls. C. The expression of 
PPR in patients with HLH, sepsis, and normal controls. Abbreviations: RDW, red blood cell distribution width; PDW, platelet distribution 
width; RPR, red blood cell distribution width to platelet ratio; HLH, hemophagocytic lymphohistiocytosis. The data of PRP were shown as 
log10. **p < 0.01, ***p < 0.001

F I G U R E  3 ROC analyses for determining the optimal cutoff 
value of RDW, PDW, and RPR to differentiate HLH from sepsis. 
The AUC for RDW for distinguishing HLH patients from sepsis 
patients is 0.7799 (95% CI = 0.7113–0.8486, p < 0.001); the AUC 
for PDW for distinguishing HLH patients from sepsis patients is 
0.7835 (95% CI = 0.7093–0.8577, p < 0.001); the AUC for RPR for 
distinguishing HLH patients from sepsis patients is 0.9268 (95% 
CI = 0.8886–0.9649, p < 0.001). Abbreviations: ROC, receiver 
operating characteristic; RDW, red blood cell distribution width; 
PDW, platelet distribution width; RPR, red blood cell distribution 
width to platelet ratio; HLH, hemophagocytic lymphohistiocytosis; 
AUC, area under the curve

TA B L E  1 The differential diagnostic value between HLH and 
sepsis

Variables RDW PDW RPR

AUC 0.7799 0.7835 0.9268

Youden index 0.4463 0.5332 0.7213

Cutoff value 13.75 13.30 0.08

Sensitivity % 76.06 67.61 84.51

Specificity % 68.57 85.71 87.62

PPV % 62.07 76.19 82.19

NPV % 80.90 79.65 89.32

Diagnostic efficiency % 71.59 78.41 86.36

Abbreviations: AUC, area under the curve; HLH, hemophagocytic 
lymphohistiocytosis; NPV, negative predictive value; PPV, positive 
predictive value.
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biomarkers for differentiating HLH from sepsis. In the past decade, 
the inclusion criteria have become de facto criteria for the definition/
diagnosis of HLH. However, due to the complexity of diagnostic cri-
teria and the similarity with other inflammatory diseases, the diagno-
sis is often delayed, and misdiagnosis, posing an important problem. 
Moreover, as mentioned above, the existing standard set is subject to 
major limitations. Since hemophagocytic syndrome may be difficult 
to differentiate from severe sepsis,23 Fardet et al24 proposed HScore 
to predict the possibility of a single patient suffering from the syn-
drome, enabling clinicians to make appropriate treatment decisions 
as soon as possible. The probability of having hemophagocytic syn-
drome ranged from <1% with an HScore of ≤90 to >99% with an 
HScore of ≥250. Although HScore shows excellent discrimination 
and is a very useful tool for predicting HLH, it is mainly used in adult 
patients and is a complex index, restricting the efficiency for early 
diagnosis. Ferritin is a standard laboratory marker for the diagnosis 
of HLH and has been reported as a useful and convenient screening 
method for suspected HLH cases.25 However, the criterion of ferritin 
above 500 μg/L for the diagnosis of HLH was less specific, as shown 
in the previous study,26 and only 10 of 330 patients had ferritin lev-
els above 500 μg/L were diagnosed with HLH. In addition, study by 
Wang et al27 showed that the specificity of ferritin was 43% when it 
was above 500 μg/L. Higher level (>3000 or >10,000 μg/L) has been 
suggested that the specificity of ferritin may increase in children.22 
Furthermore, serum ferritin level is a nonspecific index, which will 
increase in the following conditions, such as liver injury, kidney in-
jury, and hematological malignancies.28 Moreover, Otrock et al even 
proposed that hyperferritinemia occurred in a variety of situations 
and was not specific to adult or child HLH and common causes of 
elevated ferritin should be considered before considering the pos-
sibility of HLH.29 Cui et al23 reported a better model for differen-
tial diagnosis was ferritin + sCD163, which provided a sensitivity of 
87.0% and a specificity of 71.7% with the AUC of 0.837. Debaugnies 
et al30 analyzed ferritin, glycosylated ferritin, CD14, sCD25, CD163, 
IL-1ß, IL-6, IL-10, IL-12p70, IL-17α, IL-18, IFN-γ, IP-10, and CXCL9 lev-
els to differentiate HLH from sepsis. Among the above biomarkers 
tested, ferritin, IL-18, and glycosylated ferritin were the most effi-
cient parameters for early diagnosis of HLH. According to the AUC 
of three biomarkers (glycosylated ferritin: 0.8484; IL-18: 0.9003; fer-
ritin: 0.9394) and with a sensitivity set at 85%, glycosylated ferritin, 

IL-18, and ferritin were the biomarkers with the highest specificity: 
71%, 79%, and 84%, respectively. However, the above-mentioned 
examinations either need special instruments or are time-consuming 
and laborious, which greatly limit their clinical value. In our present 
study, RDW, PDW, and RPR displayed considerable power for dif-
ferentiating HLH from sepsis, with the AUC of 0.7799, 0.7835, and 
0.9268, respectively. Although the sensitivity of RDW and PDW was 
slightly lower than previously reported biomarkers,23,26,27,30 such as 
glycosylated ferritin, IL-18, ferritin, and ferritin + sCD163, the spec-
ificity of RDW and PDW was similar to or even higher than that in-
dexes reported above. Fortunately, among the three indicators, RPR 
showed optimal performance for differentiating HLH from sepsis, 
and the sensitivity and specificity were both over 80%, especially the 
NPV and diagnostic efficiency were all higher than 85%. The findings 
validate the performance of RDW, PDW, and RPR as additional valid 
biomarkers for differentiating HLH from sepsis. Their low-cost, con-
sequent wide and easy availability, and high sensitivity and specificity 
in daily clinical practice have made them eminently suitable for the 
laboratory testing.

HLH is an entity featured by hyperinflammatory response and 
“cytokine storm.” In inflammation, pro-inflammatory cytokines af-
fect the survival of red blood cells in circulation, damage the red 
blood cell membrane, and cause larger and newer reticulocytes to 
enter the blood circulation, increasing the red blood cell distribution 
width (RDW).31 In addition, numerous inflammatory cytokines con-
tribute to coagulation disorders, reduce platelet count, and overt dis-
seminated intravascular coagulation.32 Besides, another important 
factor in inflammation, tissue factor, can cause coagulation disorders 
and reduce platelet count.33 Therefore, red blood cell distribution 
width and platelet ratio (RPR) have been reported as a useful pa-
rameter describing the systemic inflammatory response by a large 
number of studies.34,35 Further researches showed that RDW, PDW, 
and RPR were significantly associated with the prognosis of many 
diseases, such as cancer, sepsis, and cardiovascular disease.36–39 
However, there are few reports about the relationship between 
HLH and RDW, PDW, and RPR. In order to determine whether the 
increased amount of RDW, PDW, and RPR had prognosis value for 
clinical improvement after clinical treatment, the changes between 
RDW, PDW, and RPR values before and after treatment were ana-
lyzed. In our study, we observed the patients who developed HLH 

F I G U R E  4 Comparisons of RDW, PDW, and RPR in patients with HLH before and after clinical treatment. Abbreviations: RDW, red 
blood cell distribution width; PDW, platelet distribution width; RPR, red blood cell distribution width to platelet ratio; HLH, hemophagocytic 
lymphohistiocytosis. The data of PRP were shown as log10. ***p < 0.001
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have higher RDW, PDW, and RPR levels before treatment but lower 
PDW and RPR levels after treatment, thus providing a useful insight 
into the application of PDW and RPR in the evaluation of therapeutic 
effect on HLH.

Nevertheless, some limitations of our study must be con-
sidered. First, the soluble interleukin-2 receptor detection was 
unavailable in our hospital. Therefore, a comparative analysis 
between RDW, PDW, and RPR levels and the laboratory indexes 
contained in HLH-2004 criteria are lacking in the study. Second, 
the analysis was performed on a small sample with a short fol-
low-up period and a single center. Third, this study does not in-
clude some key factors of pro-inflammatory cytokines and/or 
inflammatory markers that may have crucial significance for HLH, 
such as C-reactive protein, procalcitonin, interleukin, and cyto-
kine. Considering the small number of clinical samples in this study 
and the potential clinical significance of the results, this study is 
worthy of expanding the sample size.

In conclusion, our study is the first to indicate that cost-effective 
and easily calculated hematological parameters RDW, PDW, and 
RPR are novel indicators for differential diagnosis of HLH and sepsis. 
PDW and RPR could be additional biomarkers for monitoring thera-
peutic effects of HLH.
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