
We retrospectively assessed the utility of a flow cytometry–
based test quantifying the percentage of CD3+ T cells with the 
CD4–/CD8– phenotype for predicting tularemia diagnoses in 
64 probable and confirmed tularemia patients treated during 
2003–2015 and 342 controls with tularemia-like illnesses treat-
ed during 2012–2015 in the Czech Republic. The median per-
centage of CD3+/CD4–/CD8– T cells in peripheral blood was 
higher in tularemia patients (19%, 95% CI 17%–22%) than in 
controls (3%, 95% CI 2%–3%). When we used 8% as the cut-
off, this test’s sensitivity was 0.953 and specificity 0.895 for 
distinguishing cases from controls. The CD3+/CD4–/CD8– T 
cells increased a median of 7 days before tularemia serologic 
test results became positive. This test supports early presump-
tive diagnosis of tularemia for clinically suspected cases 7–14 
days before diagnosis can be confirmed by serologic testing in 
regions with low prevalences of tularemia-like illnesses.

Tularemia is a zoonotic disease that occurs in the North-
ern Hemisphere and is caused by Francisella tularensis 

(1). In Europe, >500 cases are reported annually (2); Turkey 
and the United States also have substantial disease burdens 
(3). The infection is usually acquired by direct contact with, 
inhalation of, or ingestion of F. tularensis from animal reser-
voirs, infected arthropod vectors, or contaminated water (4).

No clinical or laboratory manifestations are pathog-
nomonic for tularemia; preliminary diagnosis is based on 
exposure risk and compatible clinical presentation (5). 

Clinical manifestations include the ulceroglandular, glan-
dular, oroglandular, and oculoglandular forms; septicemic 
(typhoidal) form; and respiratory form (6,7).

The decision to treat patients for tularemia is often based 
on clinical judgment, and therapy is initiated empirically 
days to weeks before the diagnosis is confirmed because se-
roconversion can take 10–20 days after symptom onset to 
occur (8). Culturing F. tularensis requires special handling 
because the bacterium is fastidious and needs to be cultured 
in Biosafety Level 3 facilities (9). To perform nucleic acid 
amplification testing, a sample from a swab of an ulcer or 
biopsy of deep tissue is required. A diagnostic test that is 
less invasive than tissue biopsy and supports early diagnosis 
of tularemia would be beneficial in guiding empiric therapy. 

Peripheral blood CD3+ T lymphocytes that do not 
exhibit CD4 or CD8 form a heterogeneous CD3+/CD4–/
CD8– T-cell population. One subset includes γδ T cells, 
which constitute 5%–9% of circulating CD3+ T cells in 
healthy adults (10,11). These percentages vary according 
to age and race/ethnicity (12) and have been reported to not 
exceed 5% of total peripheral CD3+ T cells in the popula-
tion of the Czech Republic (13).

An increased proportion of peripheral blood γδ T cells 
was first reported in tularemia in 1992 (14). Subsequently, 
Kroca et al. observed that these T cells significantly in-
creased in tularemia patients starting from the first week 
of symptom onset and persisted for months after resolution 
of illness (15). An increased frequency of γδ T cells has 
also been described in individual case reports or small case 
series in association with infections with other intracellular 
pathogens (12,16), including Mycobacterium tuberculosis 
(17), Legionella (18), Salmonella (19), Brucella (20,21), 
Ehrlichia (22), Coxiella burnetii (23), Toxoplasma (24), 
Leishmania (25), Plasmodium vivax (26), and Schistosoma 
spp. in primary schistosomiasis (27).

Encouraged by local colleagues suggesting that raised 
γδ T-cell (and by inference CD3+/CD4–/CD8– T-cell)  
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percentages could be used in earlier tularemia diagnosis 
(28), the Immunology Laboratory of České Budějovice 
Hospital (České Budějovice, Czech Republic) changed 
its reporting practices in 2003. From this time onward, 
laboratory reports included comments suggesting con-
sideration of possible tularemia if flow cytometry of pe-
ripheral blood showed an increased percentage of CD3+/
CD4–/CD8– T cells or both CD3+/CD4–/CD8– and γδ 
T cells. In turn, clinicians in the 2 cooperating infec-
tious disease units at České Budějovice Hospital and 
Písek Hospital (Písek, Czech Republic) began routinely 
requesting that peripheral blood samples be analyzed by 
flow cytometry along with the serologic test when tula-
remia was suspected.

In this article, we review cases under consideration for 
a tularemia diagnosis at these 2 infectious disease units to 
determine whether an increase in the percentage of CD3+/
CD4–/CD8– T cells in the peripheral blood is sensitive and 
specific for a preliminary tularemia diagnosis and, if so, 
to define the optimum diagnostic cutoff value. Our sec-
ond objective was to compare the timing of CD3+/CD4–/
CD8– T-cell count elevation with that of the first positive 
F. tularensis serologic test result. We also evaluated the 
correlation between CD3+/CD4–/CD8– and γδ T cells to 
determine whether the levels of CD3+/CD4–/CD8– T cells 
could serve as a surrogate marker because this cell popula-
tion is easier to assess.

Methods

Study Groups and Study Design
Using laboratory records and local hospital and unit diag-
nostic indices, we retrospectively identified all cases of tu-
laremia that were managed in the infectious disease units 
at České Budějovice Hospital and Písek Hospital during 
January 1, 2003–December 31, 2015. The control group 
included a consecutive group of ill adults who were inves-
tigated for possible tularemia in the same 2 units during 
January 1, 2012–December 31, 2015.

We retrieved the hospital case notes for patients in 
each group. The study groups included patients for whom 
both tularemia serology and flow cytometry CD3+ T-cell 
population characterization were available during the same 
illness episode. We extracted data on demographics, signs 
and symptoms, final diagnoses, timing of symptom on-
set, and laboratory test results and recorded them onto a 
standardized form. Tularemia cases were categorized as 
probable or confirmed in keeping with published litera-
ture (4,8,29,30) and US Centers for Disease Control and 
Prevention 1999 and 2017 criteria (31,32): clinical illness 
compatible with tularemia along with detection of F. tula-
rensis by culture or nucleic acid testing or a serologic test 
result suggestive of or confirming tularemia.

Laboratory Diagnosis of Tularemia
For serologic testing, we used a commercial agglutination 
test (Tularemia Diagnostic Set, Bioveta a.s., https://www.
bioveta.eu). We assigned a probable tularemia diagnosis 
to patients if the antibody titer in acute phase samples was 
>1:20 and illness was clinically compatible with tulare-
mia. We assigned a confirmed tularemia diagnosis if the 
titer in any samples reached >1:160 or a seroconversion 
(change from negative to positive of any titer) or a 4-fold 
increase in titer occurred between the acute and conva-
lescent samples and illness was clinically compatible  
with tularemia.

We performed blood cultures using BacT/ALERT 3D 
(bioMérieux, https://www.biomerieux.com); we cultured 
the resulting bacteria on plates with Columbia 5% sheep 
blood agar (Bio-Rad Laboratories, http://www.bio-rad.
com) and determined the species by 16S PCR. For nucleic 
acid analysis, we extracted DNA using the QIAamp DNA 
Mini Kit (QIAGEN, https://www.qiagen.com) and used the 
panbacteria primers U3 and RU8 and thermocycler proto-
col for 16S PCR, in accordance with Radstrom et al. (33).

Flow Cytometry
Staff of the Immunology Laboratory of České Budějovice 
Hospital, which acts as a reference laboratory for both par-
ticipating infectious disease units, performed all tests. We 
stained EDTA-treated whole blood directly using CYTO-
STAT tetraCHROME CD45-FITC (fluorescein isothiocya-
nate)/CD56-RD1 (phycoerythrin)/CD19-ECD (phycoery-
thrin-Texas Red-X)/CD3-PC5 (phycoerythrin cyanine 5), 
anti–CD4-Alexa Fluor 750, and anti–CD8-PC7 (phycoery-
thrin cyanine 7) (Beckman Coulter, https://www.beckman-
coulter.com). For the subset of cases in which the CD3+/
CD4–/CD8– T-cell percentage appeared high to the report-
ing bioscientist, the sample was further examined by stain-
ing with anti–CD3-FITC (fluorescein isothiocyanate) and 
anti–T-cell receptor PAN γδ-PE (phycoerythrin) (Beckman 
Coulter) on the same day.

We processed samples using either a Cytomics 
FC500 (before 2014) or Navios (starting in 2013) flow 
cytometer and CXP (for Cytomics FC500) or Navios 
software (Beckman Coulter for all). In the first gate, we 
selected 3,000 lymphocytes on the basis of their CD45 
cell surface expression and side scatter characteristics 
(Figure 1, panel A). Next, we selected the T cells using 
a B- and T-cell plot gated according to CD19 and CD3 
expression (Figure 1, panel B). Then, we identified the 
percentage of CD3+ T cells that did not express CD4 
and CD8 in CD4 versus CD8 plots (Figure 1, panel C). 
When high percentages of CD3+/CD4–/CD8– T cells 
were found, we performed a subsequent staining and 
analysis using anti–CD3-FITC and anti–T-cell receptor 
PAN γδ-PE (Figure 1, panel D).
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Statistical Methods and Ethics Review
We tested the correlation between CD3+/CD4–/CD8– and 
γδ T cells in tularemia cases using the Spearman correla-
tion coefficient. To examine cell count differences by diag-
nosis (probable vs. confirmed), we used the Mann-Whitney 
U test. To test differences among the different clinical man-
ifestations, we used the Kruskal-Wallis test.

We compared the percentage of CD3+ lymphocytes 
with a CD4–/CD8– phenotype between the tularemia and 
control group patients. In the next analysis, we compared 
the timing of the first elevation of CD3+/CD4–/CD8– T 
cells with that of the first positive serologic test result for 
tularemia both relative to the reported day of symptom on-
set. We presented these results using medians and other 
nonparametric rank statistics. We evaluated the difference 
in percentage of CD3+/CD4–/CD8– T cells between tula-
remia cases and controls by the Mann-Whitney U test. To 
assess the predictive ability of flow cytometry, we gener-
ated a receiver operating characteristic (ROC) curve and 
calculated the area under the ROC curve. We determined 
the cutoff value yielding the highest sensitivity and speci-
ficity by using the Youden index (34).

We examined the difference in days between symptom 
onset to elevated CD3+/CD4–/CD8– percentage (using the 
cutoff value determined by the ROC curve) and symptom 
onset to first positive serologic test result by Wilcoxon 
signed rank test. We present all statistical parameters with 
their respective 95% CIs. We performed statistical analyses 
using IBM SPSS Statistics 24.0 (IBM Corp., https://www.
ibm.com) and considered p values <0.05 significant. The 
post hoc test power was >80% in all tests.

The ethics committee at České Budějovice Hospital 
reviewed the study protocol and approved this study on 
December 20, 2013 (reference no. 17/2013). Consent of 
patients was not required for case note review.

Results

Tularemia Case Group
During 2003–2015, we performed serologic tests for tula-
remia for 5,198 patients, and 89 patients had positive test 
results (Figure 2). After exclusion of 9 patients with miss-
ing case notes, 3 with resolved past infection, and 13 with 
missing flow cytometry results, 64 patients with tularemia 
had all the required information available for the same ill-
ness episode and could be included in the tularemia case 
group. Of 64 cases, 22 were defined as probable and 42 
as confirmed (1 case positive by blood culture with a titer 
>1:160, 1 case positive by PCR with a seroconversion to 
titer <1:160, 13 cases of titer >1:160 including 7 serocon-
verters, and 27 cases of seroconversion to a titer <1:160) 
(Table 1).

Patients were treated according to local protocol with 
a drug combination of doxycycline and gentamicin or cip-
rofloxacin. Excision of a lymph node was necessary for 
26.6% (17/64) of patients. All tularemia patients survived; 
median time to recovery was 50 (range 20–260) days. Five 
(7.8%) patients experienced a relapse and needed a second 
or prolonged course of antimicrobial drugs; 2 of these pa-
tients were treated with ciprofloxacin for <7 days and the 
remaining 3 with doxycycline and gentamicin for 3 weeks. 
The 3 patients needing prolonged drug treatment also  
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Figure 1. Flow cytometry gating strategy used to determine percentage of CD3+ lymphocytes that are CD3+/CD4–/CD8– T cells and 
γδ T cells in peripheral blood samples acquired from patients with suspected tularemia, Czech Republic, 2003–2015. A–C) Staining 
with CYTO-STAT tetraCHROME CD45-FITC/CD56-RD1 (phycoerythrin)/CD19-ECD/CD3-PC5, anti–CD4-Alexa Fluor 750, and anti–
CD8-PC7 (Beckman Coulter, https://www.beckmancoulter.com). A) CD45 versus side scatter plot. Percentages of lymphocytes (red), 
monocytes (green), and granulocytes (blue) are indicated. In total, 3,000 lymphocytes were selected for further analysis. B) B cells 
(blue) and T cells (red) plotted according to their CD19 and CD3 expression. Percentages of cells within each quadrant are indicated. T 
cells were selected for further analysis. C) Percentage of CD3+ T cells not displaying CD4 and CD8 (CD4–/CD8–) determined with CD4 
versus CD8 plots. Percentages of cells within each quadrant are indicated. D) Staining with anti–CD3-FITC and anti–T-cell receptor PAN 
γδ-PE (Beckman Coulter). After a side scatter and forward scatter plot (not shown), the percentage of lymphocytes that were CD3+/γδ T 
cells (green) was determined with a CD3 versus T-cell receptor PAN–γδ plot. Percentages of cells within each quadrant are indicated. 
Flow cytometry was performed in the Immunology Laboratory of České Budějovice Hospital (České Budějovice, Czech Republic). ECD, 
phycoerythrin-Texas Red-X; FITC, fluorescein isothiocyanate; PC, phycoerythrin cyanine; PE, phycoerythrin.
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required drainage of progressive purulent lymphadenopa-
thy at the end of therapy.

Control Group
During 2012–2015, tularemia serologic tests were per-
formed for 1,068 consecutive adults; 20 of these patients 
had positive test results, 19 of whom had flow cytometry 
data available and were thus included in the tularemia 
case group. Of the remaining 1,048 patients with negative 
serologic test results, 342 had both case notes and flow 
cytometry results available. These patients, with various 
final diagnoses (Table 2), constituted the control group 
(Figure 2).

Patients in the case group (median age 45 [range 16–
66] years) were older than those in the control group (me-
dian age 36 [range 12–85] years; p<0.0001). More patients 
were male in the case group (67.2%, 43/64) than the control 
group (47.4%, 162/342; p = 0.004). All patients were white.

Percentage of CD3+ T Cells with CD4–/CD8–  
Phenotype in Peripheral Blood Samples
The Spearman correlation coefficient of the plot of the 
CD3+/CD4–/CD8– T-cell and γδ T-cell percentages (in 
48/64 tularemia cases where both parameters were known) 
was 0.830 (95% CI 0.679–0.906; p<0.0001) (Figure 3). 
This strong-positive correlation suggests these 2 measures 

can be used interchangeably. The percentages of these T 
cells did not differ by type of tularemia diagnosis (probable 
vs. confirmed; Mann-Whitney U test, p = 0.102 for CD3+/
CD4–/CD8– and p = 0.364 for γδ). These subpopulations 
did differ by clinical manifestation (Kruskal-Wallis test, p 
= 0.041 for CD3+/CD4–/CD8– and p = 0.033 for γδ) (Fig-
ure 4), but the subgroups were too small for further analy-
sis. Because of these results and the small sample size, we 
used the whole group of 64 probable and confirmed tulare-
mia cases in further analyses.

The percentage of CD3+/CD4–/CD8– T cells was 
higher in the case group (median 19%, 95% CI 17%–22%, 
interquartile range 13%–26%) than the control group (me-
dian 3%, 95% CI 2%–3%, interquartile range 1%–5%; 
Mann-Whitney U = 652.5, Z = –12.02, p<0.0001) (Figure 
5). The area under the ROC curve assessing the sensitiv-
ity and specificity of this flow cytometry–based diagnostic 
test was 0.970 (95% CI 0.952–0.988). The optimum cutoff 
CD3+/CD4–/CD8– T-cell percentage was 8%, and with this 
cutoff, the sensitivity was 95.3% (95% CI 88.0%–98.7%) 
and specificity was 89.5% (95% CI 85.9%–92.4%) for dis-
criminating between cases and controls (Figure 6). Among 
our cohort, 61 (95.3%) tularemia patients and 36 (10.5%) 
controls had a peripheral blood CD3+/CD4–/CD8– T-cell 
percentage >8% (Table 2).

Timing in Rise of CD3+/CD4–/CD8– T-Cell Percentage 
and First Positive Serologic Test Result
The time of symptom onset was known for 58 of 61 tula-
remia patients with CD3+/CD4–/CD8– T-cell percentages 
>8%. Among these 58 patients, the increased CD3+/CD4–/
CD8– T-cell percentage preceded the first positive serologic 
test result by a median of 7 (95% CI 1.0–12.0) days (Wilcox-
on signed rank test Z = –4.796; p<0.0001) (Table 3; Figure 
7). In the subset of tularemia patients in whom an elevated 
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Figure 2. Selection of 
tularemia cases (2003–2015) 
and controls (2012–2015) 
in investigation of whether 
γδ T cells or CD3+/CD4–/
CD8– T cells can be used for 
early presumptive tularemia 
diagnosis, Czech Republic.

 
Table 1. Clinical disease manifestation of tularemia patients, by 
type of diagnosis, Czech Republic, 2003–2015 

Manifestation 
No. probable 
cases, n = 22 

No. confirmed 
cases, n = 42 

No. (%) total 
cases, n = 64* 

Ulceroglandular 7 22 29 (45.3) 
Glandular 6 4 10 (15.6) 
Oroglandular 2 7 9 (14.1) 
Pulmonary 5 4 9 (14.1) 
Typhoidal 2 5 7 (11.0) 
*Percentages do not total 100% because of rounding. 
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CD3+/CD4–/CD8– T-cell percentage was detected while se-
rology was still negative (58.6%, 34/58), the median delay 
from rise of CD3+/CD4–/CD8– T cells to positive serologic 
test result was 14 (95% CI 8–22) days (Table 3).

Comparison of Cases and Controls in 2012–2015 Only
To investigate the possible effects of bias introduced by 
comparing cases selected from a 13-year period with con-
trols from just the last 4 years of that period, we repeated 
our analyses with the 19 tularemia patients and 342 con-
trols with full data available who sought treatment during 
2012–2015. When we used 8% as the cutoff, we found the 
percentage of CD3+/CD4–/CD8– T cells was raised in 
100% (19/19) of cases and 10.5% (36/342) of controls. The 
8% cutoff value had a sensitivity of 100% (95% CI 87.8%–
100%) and specificity of 89.5% (95% CI 85.9%–92.4%) 
for distinguishing tularemia patients from controls seeking 
treatment during this period.

Discussion
This study confirms results of earlier reports (14,15,35) 
describing the potential application of flow cytometry to 
support early presumptive tularemia diagnosis. We showed 
that CD3+/CD4–/CD8– T cells can be used as a pragmatic 
surrogate for γδ T cells in this context. The percentage of 
CD3+ T cells with the CD4–/CD8– phenotype was 19% in 
tularemia patients with differing disease presentations and 
3% in control patients with a wide variety of infectious and 
noninfectious conditions. When we used 8% as the cutoff 
to define elevated CD3+/CD4–/CD8– T cells, we found 
this flow cytometry–based test was elevated >7 days before 
serologic test results became positive and had a sensitivity 
of 95% and specificity of 89.5% for distinguishing tulare-
mia cases from other illnesses.

Flow cytometry is not routinely used to investigate most 
infections but is available in centers that care for HIV pa-
tients. The CD3+/CD4–/CD8– T-cell percentage is easily 
measurable and can be performed before patients seroconvert 
or while awaiting serologic test results (30,36). One of the 
strengths of this study was that the control group consisted of 
patients with a wide variety of illnesses, rather than a group 
of healthy volunteers, as in previous reports. These patients 
were investigated for possible tularemia as part of routine 
care over several years, representing real-life practice.
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Table 2. Final diagnoses of 342 control group patients with negative serologic test results for tularemia and percentages of controls 
with elevated CD3+/CD4–/CD8– T cells, Czech Republic, 2012–2015* 

Diagnosis No. (%) controls† 
No. (%) with elevated 

CD3+/CD4–/CD8– T cells 
Nonspecific resolving lymphadenitis 99 (28.9) 7 (7.1) 
Fever of unknown origin or fatigue 44 (12.9) 2 (4.5) 
Epstein-Barr virus or cytomegalovirus 26 (7.6) 3 (11.5) 
Lymphoma or cancer 26 (7.6) 1 (3.8) 
Chlamydia or Mycoplasma respiratory infection 25 (7.3) 5 (20.0) 
Recurring or nonresolving tonsilitis 17 (5.0) 4 (23.5) 
Toxoplasmosis 16 (4.7) 5 (31.3) 
Other‡ 89 (26.0) 9 (10.1)§ 
*The percentage of the CD3+ T cells with a CD4–/CD8– phenotype was measured by flow cytometry and 8% was used as the cutoff value to define an 
elevated percentage. ANCA, anti-neutrophil cytoplasmic antibody. 
†Percentages do not total 100% because of rounding. 
‡Other diagnoses: 8 cases each of cellulitis or skin abscess and lower respiratory tract infection or pneumonia; 5 cases of bartonellosis; 4 cases each of 
ANCA-positive vasculitis, leptospirosis, purulent sialadenitis, reactive arthritis (urethritis C. trachomatis), and tick-borne encephalitis; 3 cases of cervical 
cyst; 2 cases each of HIV, human granulocytic anaplasmosis, other reactive arthritis, polymyalgia rheumatica, sarcoidosis, systemic lupus erythematosus, 
toxocariasis, and viral meningitis; and 1 case each of acute sinusitis, ankylosing spondylitis, bacterial endocarditis, Behçet disease, cholangitis, deep vein 
thrombosis, dental abscess, erythema nodosum, farmer’s lung, hantavirus, herpetic tonsilitis, hidradenitis suppurativa, hyperthyroidism, hypothyroidism, 
legionellosis, lipoma, liver abscess, Lyme disease, mumps, necrotizing lymphadenitis of Kikuchi-Fujimoto, nonspecific hepatitis, parvovirus B19, pertussis, 
recurrent bacterial conjunctivitis, rickettsial disease, ulcerative colitis, undetermined tumor of the brain and pancreatic head, urinary tract infection, and 
Yersinia enterocolitica arthritis. 
§Includes 2 cases of arthralgia and 1 case each of ANCA-positive vasculitis, brain tumor, liver abscess, pneumocystis pneumonia in the setting of AIDS, 
rickettsial disease, skin and soft tissue infection, and toxocariasis. 

 

Figure 3. Correlation between percentage of CD3+ lymphocytes 
that are γδ T cells and percentage that are CD3+/CD4–/CD8– T 
cells in peripheral blood samples from patients with confirmed or 
probable tularemia diagnoses (n = 48), Czech Republic, 2003–
2015. The Spearman correlation coefficient of this plot (0.830, 
95% CI 0.679–0.906; p<0.0001) indicates a strong correlation 
and suggests that these T cells can be used interchangeably for 
tularemia diagnosis.
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Our study was conducted in the Czech Republic, a set-
ting with a low incidence of diseases that might be mis-
taken for tularemia, such as brucellosis, leptospirosis, Q 
fever, tuberculosis, or malaria (12); our study conclusions 
are probably most applicable to settings with low preva-
lences of the intracellular pathogens that cause these dis-
eases. This study should be repeated in other geographic ar-
eas with higher prevalences of these infections (21), which 

could decrease the sensitivity and specificity of this test for 
predicting tularemia diagnoses.

Test results might need to be considered with more cau-
tion in less racially homogeneous populations because the 
reference range of CD3+/CD4–/CD8– T cells can vary by 
race/ethnicity and age (12). A study conducted in the United 
States showed a higher baseline percentage of γδ T cells in 
healthy white persons (3.7%) than in healthy black persons 
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Figure 4. Percentage of CD3+ 
lymphocytes that are γδ T cells 
and CD3+/CD4–/CD8– T cells 
in peripheral blood samples 
from patients with confirmed or 
probable tularemia by clinical 
manifestation, Czech Republic, 
2003–2015. The percentage of 
γδ T cells was determined for 
48 cases and percentage of 
CD3+/CD4–/CD8– T cells for 
64 cases. Paired comparisons 
(Kruskal-Wallis test) reveal no 
significant differences except 
for glandular versus typhoidal 
in γδ (p = 0.037) and CD3+/
CD4–/CD8– T cells (p = 0.041). 
Boxes indicate interquartile 
ranges (IQRs), horizontal lines 
within boxes indicate medians, 
whiskers indicate range values 
<1.5× the IQR limits, and 
circles indicate outliers (i.e., values >1.5× the IQR limits).

Figure 5. Comparison of percentages of CD3+ lymphocytes with 
CD4–/CD8– phenotype in peripheral blood samples from patients 
with probable or confirmed tularemia cases (n = 64, 2003–2015) 
and controls (n = 342, 2012–2015), Czech Republic. Boxes 
indicate interquartile ranges (IQRs), horizontal lines within boxes 
indicate medians, whiskers indicate range values <1.5× the IQR 
limits, and circles indicate outliers (i.e., values >1.5× times the IQR 
limits). The percentage of CD3+/CD4–/CD8– T cells is significantly 
higher in cases than controls (Mann-Whitney U test, p<0.0001).

Figure 6. Receiver operating characteristic curve for diagnostic 
utility of raised CD3+/CD4–/CD8– T cells distinguishing probable 
and confirmed tularemia cases (n = 64, 2003–2015) from controls 
(n = 342, 2012–2015), Czech Republic. The area under the 
receiver operating characteristic curve is 0.970 (95% CI 0.952–
0.988). The Youden index (circle on curve) is the maximal vertical 
distance (dashed line) of the curve from the diagonal line.
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(1.18%) (11), and a study in Sweden indicated a lower per-
centage in persons from Sweden (4.2%) and Japan (4.5%) 
than from Bangladesh (9.2%) or Turkey (9.3%) (10). Higher 
percentages of γδ T cells in inhabitants of West Africa might 
be a result of priming during childhood with malaria parasites 
(37). Likewise, a higher percentage of baseline γδ T cells in 
populations of Turkey might be caused by Turkey’s higher 
prevalence of latent tuberculosis compared with central Eu-
rope (10). The CD3+/CD4–/CD8– T-cell percentage might be 
valuable to use as a generic marker for intracellular infections 
when investigating fever of unknown origin, although speci-
ficity might not be adequate because these percentages can 
also be elevated in association with some cancers (12).

Because of the relative rarity of tularemia, we used a 
retrospective design to enroll sufficient numbers of tulare-
mia patients into this pilot study, and adequate details were 
not available for 26% (22/86) of patients. However, the 
spectrum of clinical presentations of those included is rep-
resentative of tularemia patients in other published series 
in the Czech Republic (38) and elsewhere (4,7), and bias 
seems unlikely. The mix of final diagnoses in the control 
group gives reasonable confidence that other intracellular 
infections, cancers, and noninfectious causes of fever and 
lymphadenopathy did not substantially contribute to false-
positive early presumptive tularemia diagnoses.

We used the data of tularemia patients treated during 
2003–2015 and control patients treated during 2012–2015. 
The use of patients from different periods might have in-
troduced selection bias, but this bias should have been 
mitigated by the large number of control patients included 
with complete data available and by the variety of control 
patient illnesses. That this bias was minimal is supported 
by the reproducibility of our findings when we performed 
a comparative analysis restricted to just the tularemia pa-
tients and controls treated during 2012–2015.

Serology has been and remains the standard test for tulare-
mia diagnosis for many disease presentations. Other diagnos-
tic tests have drawbacks. The organism is difficult to culture, 
as demonstrated by only 1 case in this series having a positive 
blood culture result. Although PCR with an ulcer swab sample 

resulted in DNA amplification in 1 case, PCR amplification 
failed in other cases. Also, only 45.4% of our patient cohort 
had an easily accessible lesion to swab. We believe that flow 
cytometry can contribute to tularemia diagnosis better than 
these other available tests with minimal invasiveness and cost, 
even when PCR methods become more widely available. In 
addition, the expansion in the use of PCR will not result in 
faster tularemia diagnosis because the clinician still needs to 
suspect tularemia before requesting this test be performed. 
However, PCR could be used as a confirmatory test for cases 
with elevated percentages of CD3+/CD4–/CD8– T cells.

The retrospective nature of this study limited our in-
vestigations regarding the timing of CD3+/CD4–/CD8– 
T-cell elevations and F. tularensis antibody titer increases 
in relation to the onset of patient symptoms. In all cases, 
the flow cytometry test result recorded was that from the 
first flow cytometry test performed. In contrast, for tula-
remia serology, the first positive serologic test result was 
recorded. Most tests were requested when the differential 
diagnosis first included tularemia. In a small proportion 
of patients, flow cytometry was performed after a posi-
tive serologic test result for tularemia was communicated 
to the physician; thus, for these patients, flow cytometry 
results were delayed. The time from symptom onset to el-
evation of CD3+/CD4–/CD8– T cells that we report does 
not reflect the timing this cell population increases and 
how soon this flow cytometry–based diagnostic test can 
be performed. In addition, in some cases, the diagnostic 
work-up for tularemia was delayed because of delayed 
referral of patients to the infectious diseases unit of the 
hospital. Therefore, we cannot comment on the reliability 
of the flow cytometry–based method during the first week 
after symptom onset.

In our study, the rise in the percentage of CD3+/CD4–/
CD8– T cells preceded seroconversion even in patients 
with late referrals. Seroconversion was documented in 
53.1% (34/64) of patients with tularemia, many of whom 
had been treated for tularemia on the basis of raised CD3+/
CD4–/CD8– T-cell percentages and were monitored until 
seroconversion or an alternative diagnosis was obtained. 
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Table 3. Time to positive diagnostic test result for tularemia, by starting time point, test, and population, Czech Republic, 2003–2015* 

Category 
Time, d 

Median 95% CI  Interquartile range Range 
Time relative to onset of patient symptoms 
 Diagnostic test type 
  Flow cytometry, n = 58 18.5 15.5–22.0 9.75–33.25 2–128 
  Serologic test, n = 58 29.5 24.0–37.0 21.0–42.0 2–140 
Time to first positive serologic test result relative to rise in CD3+/CD4–/CD8– T cells 
 Patient population 
  All, n = 58 7.0 1.0–12.0 0–18.75 –50 to 62 
  Delayed seroconverters, n = 34 14.0 8.0–22.0 7.5–22.0 1–62 
*A positive flow cytometry test result for tularemia was defined as >8% of peripheral blood CD3+ T cells having the CD4–/CD8– phenotype. A positive 
serologic test result for tularemia included probable and confirmed diagnoses and was defined for probable cases as an antibody titer of >1:20 in any 
acute phase blood sample or for confirmed cases as an antibody titer of >1:160 in any blood sample or a seroconversion from negative to positive (any 
titer) or a 4-fold increase in titer between acute and convalescent patient samples (agglutination test; Tularemia Diagnostic Set, Bioveta a.s., 
https://www.bioveta.eu). 
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Including flow cytometry in the tularemia work-up for our 
cohort contributed to the high percentage of diagnoses con-
firmed by seroconversion (53.1%), which was much higher 
than those of other cohorts: 0% in Missouri, USA (7), and 
Turkey (30); 5% (5/101) in France (8); 35% (9/26) in Swe-
den (39); and 13.4% (19/142) in Spain (40).

In 25% of the tularemia cases (Table 3), the time from 
symptom onset to first positive serologic test result was >22 
days, occurring >14 days after the detection of an elevated 
CD3+/CD4–/CD8– T-cell percentage, which lends strong 
support to the use of flow cytometry to identify suspected 
cases for empirical treatment. Because tularemia might not 

have pathognomonic manifestations, adding an extra tube 
for flow cytometry as part of the diagnostic work-up can help 
physicians make decisions regarding whether to treat a given 
health condition as tularemia in cases where serologic results 
are still negative and the team is waiting for PCR or blood 
culture results.

In conclusion, in the Czech Republic, flow cytometry 
analyses of peripheral blood samples showing a percentage 
of CD3+/CD4–/CD8– T cells >8% supports a presumptive 
clinical diagnosis of tularemia and initiation of specific anti-
microbial therapy days to weeks before the diagnosis can be 
confirmed serologically. This more rapid test is a useful addi-
tion to the diagnostic work-up for tularemia that can help pub-
lic health teams managing waterborne outbreaks and inhala-
tion infection clusters speed up diagnosis and treatment and 
thus contain pathogen spread. In hospital settings, the rapid 
diagnosis of tularemia afforded with this test might indicate 
the need for Biosafety Level 3 facilities, required for F. tular-
ensis propagation, thereby reducing occupational health risk.
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