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Summary
Engraft ment fever (EF) is a common complication of 
autologous HSCT (AHSCT). It is diffi  cult to discern it 
from infectious fever (IF). We studied the signifi cance 
of total blood leucocyte count (TLC) to C-reactive pro-
tein (CRP) ratio in diff erentiating EF from IF. 109 con-
secutive AHSCT patients were retrospectively analysed 
between March 2011 and August 2013. Breakthrough 
fever (BF) was defi ned as new-onset fever preceded by 
an afebrile period of at least 48 hours. Th e BF episodes 
were classifi ed as IF or EF. Infectious fever was diag-
nosed in case of blood culture positivity, radiological 
signs of infection, or fever subsiding within 48 hours of 
changing the antibiotics. Engraft ment fever was defi ned 
in cases associated with rising leucocyte counts without 
identifi able infective focus. EF responded well to steroid 
therapy. Daily TLC and CRP values were obtained from 
patients’ records. Optimal cut-off  value of ratio on day of 
BF was obtained by plotting ROC curve. Sensitivity and 
specifi city were calculated at this value. 

Among 109 cases, the breakthrough fever manifested in 
seventy patients. Th e median term for BF was day +9. 
Sixty-two patients had the EF. Median value of TLC/
CRP ratio on the day of BF was signifi cantly higher in 
patients with EF than with IF (0.139 vs 0.038, p=0.013). 
With ROC analysis, the AUC value was 0.78 (95%CI –
0.66-0.89, p<0.0001). Th e ROC curve provided the op-
timal TLC/CRP value of 0.056. Using a ratio >0.056 for 
EF, the sensitivity and specifi city were 63% (95%CI 50-
75%) and 100% (95%CI 63-100%) respectively. TLC/
CRP ratio >0.056 is highly specifi c for EF. Prospective 
studies are warranted to confi rm these fi ndings. 
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Introduction
Engraft ment-related fever and engraft ment syndrome are 
well-known phenomenon post autologous HSCT. Engraft -
ment syndrome refers to the constellation of features associ-
ated with engraft ment including fever, skin rash, fl uid reten-
tion, weight gain, and non-cardiogenic pulmonary edema. 
Th ese features constitute the major criteria of the proposed 
defi nition of engraft ment syndrome [1]. However, some 
studies have defi ned this syndrome diff erently and its re-
ported incidence varies widely from 7% to as high as 59% in 
some studies [2-7]. Th e period of onset of engraft ment-relat-
ed fever oft en coincides with the time when the patients are 
likely to have fungal and bacterial infections. Hence, antibi-
otics are oft en escalated at the time of onset of breakthrough 
fever. Th is leads to increased use of antimicrobials and con-
sequently adds signifi cantly to health care costs. 

Th ere is no reliable clinical or laboratory parameter which 
helps to diff erentiate engraft ment related fever from infec-
tious fever. One study has shown that the ratio of Interleu-
kin-12 to Interleukin-6 could reliably distinguish infectious 
from non-infectious fever following autologous HSCT [8]. 

However, measurement of interleukin levels is not available 
in most transplant centres. Our study stemmed from person-
al observations that the relative increase in total leukocyte 
count (TLC) is greater than the relative increase in C-reac-
tive protein (CRP) in patients with engraft ment fever where-
as the reverse is, generally, seen in infectious fever. With this 
observation, we aimed to study whether the TLC/CRP ratio 
helps to distinguish infectious fever from engraft ment-relat-
ed fever in the patients undergoing autologous HSCT. 

Patients and methods
Patient characteristics
Th is is a retrospective analysis of all autologous transplants 
from March 2011 to September 2013 at a single centre. One 
hundred and nine consecutive autologous transplants were 
included in the analysis (Table 1). Fift y-three patients had 
Hodgkin lymphoma, 19 had Non Hodgkin lymphoma, 34 
had multiple myeloma and 3 had neuroblastoma. Th e median 
age was 32 years (range 2-63 years). Eighty four patients were 
males. At the time of transplant, 67 (61%) patients were in 
complete remission and 37 (34%) were in partial remission.

Table 1. Patient characteristics

Characteristic Entire cohort Patients with 
BF*

Patients with 
EF*

Patients with 
IF*

P value#

No of patients 109 70 62 8 -

Median age 32 (2-63 years) 34 (8-63 years) 34 (8-63 years) 28 (8-55 years) 0.865

Gender, males (%) 84 (76%) 50 (71%) 45 (73%) 5 (63%) 0.390

Diagnosis
Hodgkin disease
Non Hodgkin lymphoma
Multiple myeloma
Others

53 (49%)
19 (17%)
34 (31%)
3 (3%)

36 (51%)
14 (20%)
19 (28%)
1 (1%)

32
14
16
0

4
0
3
1

0.711
0.667
0.561
0.561

Disease status at transplant
Complete remission
Partial remission
Disease

67 (61%)
37 (34%)
5 (5%)

48 (69%)
19 (27%)
3 (4%)

43
16
3

5
3
0

0.332
0.337
0.920

Source of stem cells, PBSC (%) 103 (95%) 68 (97%) 61 7 0.400

Conditioning regimens

Lymphoma*
LACE
LEAM
BEAM

69
1
2

47
1
2

43
1
2

4
0
0

0.899

Multiple myeloma
Melphalan
Melphalan + Bortezomib

31
3

17
2

14
2

3
0

0.838

Neuroblastoma
Busulphan + Melphalan 3 1 0 1

--

Time to myeloid engraftment 11 days 10 days 10 days 9 days 0.703

Time to platelet engraftment 13 days 13 days 13 days 12 days 0.802

* For abbreviations, refer text
# P value is for comparision of the entire cohort with cohort of patients with breakthrough fever
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Chemotherapy and granulocyte colony stimulating factor 
(G-CSF) were used for stem cell mobilization in 100 (92%) 
patients while only G-CSF was used in 4 (4%) patients. 
G-CSF with plerixafor was used in 1 patient. Four (4%) pa-
tients did not receive any form of mobilizing drug. All these 
4 patients received marrow graft s. All patients with multiple 
myeloma received melphalan based conditioning regimen, 
either melphalan alone (n=31) or with bortezomib (n=3). 
Lymphoma patients received conditioning with lomustine + 
cytarabine + cyclophosphamide + etoposide [LACE (n=69)], 
lomustine + etoposide + cytarabine + melphalan [LEAM 
(n=1)] or carmustine + etoposide + cytarabine + melphalan 
[BEAM (n=2)] regimen. Patients with neuroblastoma re-
ceived busulfan + melphalan conditioning. Peripheral blood 
stem cells graft  was used in 103 (95%) patients and bone 
marrow graft  was used in 5 (5%) patients. One patient re-
ceived a combined marrow and PBSC graft . Stem cells were 
cryopreserved for a median of 43 days (17-301 days). Th e 
median dose of CD34 cells infused was 4.6×106 per kg. Neu-
trophil and platelet engraft ment occurred at a median of 11 
days and 13 days, respectively.

TLC and CRP were measured in the frames of routine blood 
analyses daily in the morning for all patients from the day of 
admission to the day of discharge and TLC/CRP ratio was 
calculated. Complete blood counts were done by Beckman 
HMX coulter. CRP was measured by the particle-enhanced 
turbidimetric immunoassay (PETIA) technique. Appropri-
ate clinical and laboratory data were retrieved from patients’ 
fi les.

Clinical definitions
Engraft ment: Myeloid engraft ment was defi ned as TLC 
>1×109/L for 3 consecutive days or absolute neutrophil count 
greater than or equal to 0.5×109/L for 2 consecutive days, 
whichever was earlier. Platelet engraft ment was defi ned as 
the fi rst day of consecutive 7 days when platelet count re-
mained about 20×109/L without need for platelet transfusion. 

Peri-engraft ment period: Peri-engraft ment period was de-
fi ned as period of 72 hours prior to myeloid engraft ment to 
96 hours aft er engraft ment.

Breakthrough fever: Fever >38°C with onset in peri-engraft -
ment period (usually during the 2nd week post-transplant) 
aft er being afebrile for at least 48 hours. Episodes of break-
through fever were classifi ed as either infectious fever, or en-
graft ment-related fever.

Continuous fever: Patients with fever persisting over 2nd 
week post-transplant without an afebrile period, or with afe-
brile period of <48 hours were classifi ed as having continu-
ous fever.

Infectious fever: Th e condition was classifi ed as infectious 
fever if blood culture (or culture from any other normally 
sterile site) was positive, or in case of radiological signs of 
infection or if fever subsided within 48 hours aft er change 
of antibiotics.

Engraft ment fever: Engraft ment fever was defi ned as fever 
with onset in the peri-engraft ment period, without any evi-
dence of associated infectious cause, and responding to sys-
temic steroid therapy.

Anti-infective prophylaxis 
All the patients received prophylaxis with an anti-fungal 
agent (voriconazole or posaconazole) and acyclovir. Anti-
fungal prophylaxis was started on day -1 and continued till 
resolution of neutropenia. In patients receiving systemic 
steroids for engraft ment fever, antifungal prophylaxis was 
continued until the steroids were stopped. Acyclovir was giv-
en for up to 6 months post HSCT. Patients receiving system-
ic steroids for engraft ment fever also received cotrimoxazole 
prophylaxis. No antibacterial prophylaxis was performed for 
the period of neutropenia.   

Use of growth factors
Filgrastim (G-CSF) was used in all autologous transplants. 
In patients with lymphomas and neuroblastoma, it started 
on the next day aft er stem cell infusion (Day +1). In patients 
with myeloma, it was started on day +5 post-transplant. In 
all the patients, it continued until myeloid engraft ment.  

Treatment strategy for breakthrough fever
Treatment-related decisions were made at the discretion of 
treating physician. In general, antibacterial or antifungal 
drugs were added at the onset of breakthrough fever. Th e 
antibiotics were continued if the patient became afebrile by 
48 hours. If the patient remained febrile beyond 48 hours 
and blood culture had grown an organism, then antibiotics 
were modifi ed according to the sensitivity reports. If the fe-
ver persisted beyond 48 hours, and there was no evidence 
of any infective cause, then systemic steroids were started. 
In few patients with high clinical suspicion of engraft ment 
fever, systemic steroids were started at the onset of break-
through fever. Initially methylprednisolone was started at a 
dose of 1-2 mg per kg per day and subsequently changed to 
oral prednisolone. Prednisolone was tapered every 3rd to 7th 
day as per discretion of the attending clinician. 

Statistical analysis 
We studied the trends of TLC:CRP ratio during the course 
of HSCT. We studied the absolute value of this ratio on the 
day of breakthrough fever to determine if it helps in distin-
guishing engraft ment-related fever from infectious fever. 
Optimal cut-off  value of the ratio on the day of breakthrough 
was obtained by plotting a receiver operating characteristic 
(ROC) curve. Sensitivity and specifi city indices were calcu-
lated from this value. We also calculated the absolute rise of 
the ratio from its nadir to post-nadir value (i.e the lowest 
value and the value on the next day) and studied, whether 
this absolute rise helps to predict the occurrence of engraft -
ment fever. Categorical data were analysed with chi-square 
test; continuous data with Mann-Whitney test. Analysis was 
done by SPSS soft ware (version 18). 

Results
Among the 109 patients subjected to autologous HSCT, sev-
enty patients (64%) developed breakthrough fever in the 2nd 
week post-transplant. Fourteen patients (13%) had continu-
ous fever while 22 (20%) patients did not have fever at any 
time in the 2nd week. Th ree patients (3%) expired prior to day 
7 (all 3 due to pneumonia with sepsis). Of the 70 patients
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with breakthrough fever, 19 had multiple myeloma, 36 
suff ered with Hodgkin lymphoma, 14 had non-Hodgkin 
lymphoma, and one patient had neuroblastoma. Th e char-
acteristics and engraft ment kinetics of the cohort with 
breakthrough fever were not diff erent from the entire cohort 
(Table 1). 

Th e median day of the breakthrough fever onset was day 
+9 (ranges, day +7 to day+15). Sixty-two patients had en-
graft ment-related fever; 15 of these had a full-blown engraft -
ment syndrome. Th e overall incidence of engraft ment fever 
was 57% (62 of 109 patients). Among the 62 patients with 
engraft ment fever, one patient died due to full-blown en-
graft ment syndrome. All others recovered. Peri-engraft ment 
hepatic and renal dysfunction was seen in 2 patients each. 
Antibiotics were escalated in 35 of 62 (56%) patients with 
engraft ment fever at the time of onset of breakthrough fever. 
All the patients with infectious fever got well (Table 2).

Trend of TLC-to-CRP ratio following HSCT in 
myeloma patients
Th e ratio of TLC (expressed in 109/ml) to CRP (expressed 
in mg/dl) followed a parabolic curve. It had a median value 
of 12.35 (range 2.34-60) at day -3 of HSCT and gradually 
declined to a median nadir value of 0.02 (range 0 to 0.16)
(Fig. 1). Th e nadir was attained at a median of 9 days 
post-transplant. A rising trend of the ratio was fi rst evident 
at a median of 10 days. Th is was followed by a gradual rise in 
ratio towards baseline.

Trend of TLC-to-CRP ratio after HSCT in lympho-
ma patients
Th e curve of TLC:CRP ratio was also parabolic in the pa-
tients with lymphoma. Th e median value of the ratio when 
starting the conditioning chemotherapy (on day -8) was 5.35 
(range 0.41 to 83). It reached a nadir median value of 0.01 
(range 0-7.55) on day +2. It remained at the nadir level till 
day +5. Rising trend of the radio was fi rst evident on day +6. 
A rising trend of the ratio preceded neutrophil engraft ment 
by a median term of 5 days (Fig. 2). 

Table 2. Breakthrough fever and clinical outcomes

Clinical parameter/outcome No of patients (%)

Patients with breakthrough fever 70 (100%)

Day of onset of breakthrough fever, median (range) 9 (7-15)

Engraftment fever
Engrafment syndrome

62 (89%)
15 (21%)

Infectious fever 8 (11%)

Clinical outcome in engraftment fever (n=62)
Recovery
Death

61 (98%)
1 (2%)

Clinical outcome in infectious fever (n=8)
Recovery
Death

8 (100%)
0 (0%)

Figure 1. Trend of TLC:CRP ratio during the course of 
HSCT in myeloma transplants

Figure 2. Trend of TLC:CRP ratio during the course of 
lymphoma transplants
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Absolute value of the TLC:CRP ratio on the day 
of breakthrough fever
We also examined, whether the absolute value of the TL-
C:CRP ratio on the day of breakthrough fever may help in 
identifying the cause of fever. Th e median value of this ratio 
in patients with engraft ment fever was signifi cantly high-
er than among the patients with infectious fever (0.139 vs 
0.038, p=0.013). A ROC curve was constructed for TLC:CRP 
ratio. Th e area under the ROC curve was 0.78 (95% CI – 0.66 
to 0.89, p <0.0001). Th is indicates that the test has potentially 
good diagnostic usefulness. Th e curve provided an optimum 
cut off  value of 0.056 to discriminate between engraft ment 
and infective fever (Fig. 3).

A ratio greater than or equal to 0.056 on the day of break-
through fever had sensitivity of 63% (95% CI 50 – 75%) and 
specifi city of 100% (95% CI 63 – 100%) for detecting engraft -
ment fever. Th e positive and negative predictive values of ra-
tio >0.056 for engraft ment related fever were 100% (95% CI 
89 – 100%) and 26% (95% CI – 13-45%). Th us, a TLC:CRP 
ratio of >0.056 is absolutely specifi c for engraft ment fever.

Absolute rise in ratio from nadir value to pre-
dict risk of engraftment fever
We studied the rise in ratio from its nadir value to the post 
nadir value (i.e. value on the next day) and attempted to see 
if a cut-off  could be found, thus helping to predict increased 
risk of developing engraft ment related fever. However, at 
various cut-off  values ranging from 0.001 to 0.01, approx-
imately 60% of the patients developed engraft ment fever. 
Th us, no particular cut-off  value predicting an increased risk 
of developing engraft ment fever could be determined in our 
patient cohort (p=NS) (Table 3). Th e median increase from 
the nadir to the post-nadir value was not diff erent in patients 
with and without engraft ment related fever (0.008 vs 0.010, 
p=0.72).

Discussion
Engraft ment fever is a well-known entity post autologous 
HSCT and occurs in the peri-engraft ment period [1]. How-

Figure 3. ROC curve for cut-off of absolute value of
TLC:CRP ratio on the day of breakthrough fever for de-
tecting engraftment fever

Table 3. Incidence of engraftment fever according to 
absolute rise in ratio from its nadir value to post nadir 
value

Cut-off Incidence of engraftment
related fever

0.001 61%

0.002 64%

0.003 63%

0.004 63%

0.005 61%

0.006 60%

0.007 62%

0.008 61%

0.009 60%

0.010 59%

ever, this is also the time when transplant patients may devel-
op fungal and bacterial infections. Unfortunately, there is no 
laboratory marker or test in routine clinical use which helps 
to distinguish engraft ment related fever versus infectious fe-
ver. Th e distinction is largely based on clinical judgement. 
Antimicrobials are oft en escalated in patients who develop 
breakthrough fever during peri-engraft ment period, since it 
is not always possible to discriminate it from infective fever. 

Few studies have tried to diff erentiate engraft ment fever 
from infectious fever. A study from Memorial Sloan-Ket-
tering Institute suggested that ratio of serum interleukin 12 
to interleukin 6 at the time of breakthrough fever helps to 
discriminate between engraft ment and infectious fever [8]. 
Th is group studied the levels of various cytokines in serum at 
various time points following autologous HSCT and found 
that value of ratio >4.1 at the time of breakthrough fever has 
a sensitivity of 95% and specifi city of 75% for detecting en-
graft ment fever. Although several functions of interleukin 12 
are known, one of the important functions is to enhance the 
proliferation of hematopoietic progenitor cells [9-11]. Also, 
it is well established that interleukin-6 is the major stimula-
tor of C-reactive protein [12, 13]. Hence, from a biological 
perspective, the ratio of TLC to CRP could be used as a sur-
rogate marker for the ratio of serum IL-12 to IL-6.

A major problem with the use of serum cytokine levels is 
the lack of availability of these at most centres. On the other 
hand, measurements of TLC and CRP values are available 
at most centres and are relatively inexpensive. Th e cut-off  
value of TLC/CRP ratio 0.056 identifi ed in our study has a 
higher specifi city, but lower sensitivity than the IL-12 to IL-6 
ratio reported in the previous study [8]. In this study, 17% 
of episodes of breakthrough fever occurring aft er neutro-
phil engraft ment were associated with infection. Th is value 
is similar to that found in our study (8 of 70 episodes, 11%). 
Similar to our study, the median value of IL-12 to IL-6 ratio 
was signifi cantly higher in patients with non-infectious fever 
compared to those with infectious episodes. Th e study re-
ported a sensitivity and specifi city of 95% and 75% at a cut-
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off  of 4.1. Th e area under the ROC curve was 0.88 for the 
IL-12 to IL-6 ratio with 95% CI being 0.79-0.97.

To conclude, a rising trend of the ratio of TLC:CRP is de-
tected prior to neutrophil engraft ment. An absolute value of 
the ratio greater than or equal to 0.056 at the time of break-
through fever is highly specifi c for engraft ment fever. Fur-
ther prospective studies are warranted to confi rm the fi nd-
ings of this small study. If the fi ndings are confi rmed, they 
could help to prevent unnecessary use of anti-bacterials and 
anti-fungals in post-transplant period. 
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Соотношение количества лейкоцитов и С-реактив-
ного белка в крови: поможет ли это дифференци-
ации между инфекционной лихорадкой и синдро-
мом приживления у пациентов после аутологичной 
трансплантации гемопоэтических стволовых клеток? 

Резюме
«Лихорадка приживления» (ЛП) является частым 
осложнением аутологичной трансплантации гемо-
поэтических стволовых клеток (ТГСК). Ее сложно 
отличить от инфекционной лихорадки (ИЛ). Мы 
исследовали значимость показателя соотношения 
общего числа лейкоцитов крови к концентрации 
С-реактивного белка при дифференциальном диа-
гнозе между ЛП и ИЛ. Группа из 109 пациентов по-
сле ауто-ТГСК была обследована ретроспективно в 
период между мартом 2011 г. и августом 2013 г. Ли-
хорадочное состояние (ЛС) определялось как лихо-
радка, развивающаяся de novo после афебрильного 
периода более 48 часов. Эпизоды ЛС классифици-
ровали как ЛП или ИЛ. Инфекционную лихорадку 
диагностировали в случае позитивной гемокульту-
ры, радиологических симптомов инфекции или ли-
хорадки, продолжающейся в течение 48 часов после 
смены антибиотика. «Лихорадку приживления» 
определяли в случаях, связанных с повышением 
лейкоцитоза без очевидного инфекционного оча-
га. ЛП хорошо отвечала на лечение стероидными 
гормонами. Ежедневные показатели лейкоцитоза 
и С-реактивного белка фиксировали по историям 
болезни. Оптимальный показатель отсечения (cut-
off  value) данного соотношения на день появления 
лихорадочного состояния определяли методом по-
строения кривых ROC. Чувствительность и специ-
фичность метода вычисляли по этому показателю. 

По результатам анализа 109 случаев, лихорадочные 
состояния проявились у 70 пациентов. Медианным 
сроком развития лихорадочного состояния был 
день +9 после ТГСК. 62 пациента имели ЛП. Медиа-
на соотношения лейкоцитоза к С-реактивному бел-
ку в день развития лихорадочного состояния была 
значительна повышена у пациентов с ЛП по сравне-
нию с ИЛ (соответственно, 0,139 и 0,038, p=0,013). 
При ROC-анализе, площадь под кривой (AUC) была 
0,78 (95%CI – 0,66-0,89, p<0,0001). Из графика ROC 
вычислено оптимальное соотношение лейкоцитоза 
к С-реактивному белку, равное >0.056 для «лихо-
радки приживления» при чувствительности и спец-
ифичности, соответственно, 63% (95%CI 50-75%) и 
100% (95%CI 63-100%). Соотношение числа лейко-
цитов к С-реактивному белку (>0,056) высоко спец-
ифично для лихорадки приживления. Необходимы 
проспективные исследования для подтверждения 
этих результатов.  

Ключевые слова
Лейкоцитоз общий, С-реактивный белок, лихорад-
ка приживления, инфекционная лихорадка, транс-
плантация стволовых кроветворных клеток, аутоло-
гичная.  
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