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Abstract
Bacteremia of Salmonella is a risk factor of death in Salmonella infection. Early diagnosis to initiate intensive care is
a key for favorable outcome, yet no clinical marker is
available to detect bacteremia of Salmonella earlier than
blood culture. T, natural killer (NK), and B cells play an
important role against Salmonella infection and expansion
of Ȗį+ T cell subset was shown in the study mainly targeting
typhoid Salmonella infection by flow cytometry (FCM)
which can analyze immune cell populations within two
hours.
During outbreak of Salmonella oranienburg (SO) infection,
we explored clinical marker to detect bacteremia in children
with or without bacteremia of SO and those with enteritis
due to other Salmonella using FCM. We also measured serum
concentration of immunoglobulins (Igs) to evaluate whether
immunocompromised or not. Eighteen children (median
age, 6.0 years) were studied and divided into four groups;
group A: five children with bacteremia of SO, group B: the
same patients of group A who recovered 3 months after the
onset of the disease, group C: six children with enteritis due
to SO, and group D: seven children with enteritis due to
other Salmonella but no bacteremia. The percentages of Ȗį+
and double negative (DN: CD4íCD8í) T cells in CD3+ subset
were increased in group A as compared to groups B, C and
D. There was no difference between groups in the following
variables; the percentages of CD3+ cells, helper (CD4+), and
cytotoxic (CD8+) T cells, and NK cells, serum levels of Igs or
complements. Our data suggest that expanded Ȗį+ and DN
T cell subsets in SO bacteremia by FCM can help to detect
SO bacteremia in early stage of the disease faster than blood
culture.
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Introduction
Salmonella is an intracellular parasitic bacteria, and it’s infection is a common and usually self-limiting disease1, 2. Although
Salmonella oranienburg (SO) is a relatively uncommon serotype
among the non-typhoid Salmonella (NTS)1, outbreak of SO
infection has been reported in several countries, including Japan3.
Infection of Salmonella causes enteritis and extraintestinal
symptoms, including vertebral osteomyelitis, paravertebral or
retroperitoneal abscess, and infection of soft tissues and
cartilages. Bacteremia occurs in approximately 5-6% of children
with NTS infection1, 2. While the outbreak of SO infection3, we
experienced five patients with SO bacteremia among 11 patients
with SO enteritis and the prevalence of bacteremia was very
high (45%) comparing to other NTS infection.
Mortality rate of Salmonella bacteremia is about 12 to 20% in
non-immunocompromized patients 4, 5, therefore, early diagnosis
and initiation of intensive antimicrobial therapy targeting
Salmonella bacteremia is mandatory. Blood culture, the gold
standard of diagnosis of bacteremia, usually takes more than 12
hours to detect 6, 7. Flow cytometry (FCM) is a rapid diagnostic
method and predominant activation and expansion of Ȗį+ T cells
in systemic Salmonellosis8 using FCM suggested diagnostic
usefulness for Salmonella bacteremia. Double negative (DN:
CD4íCD8í) T cells act as bacteriocidal against infection by
intracellular parasitic microorganisms including Mycobacterium
infection9. Because Salmonella is also an intracellular parasitic
microorganism, DN T cells could also play a protective role
against Salmonella infection. Thus, we analyzed DN T cell
subset as well as that of Ȗį+ T cells in children with or without
bacteremia of SO and those with enteritis due to other Salmonella
to test feasibility whether Ȗį+ and/or DN T cells can predict NTS
bacteremia.
From the view of the immune status as a predisposing factor
to systemic infection of Salmonella, T cells play an important
role for innate immunity. For example, experimental evidence
suggests that CD3+ T cells including Ȗį+ T cells10, 11 and DN T
cells12 play a protective role for innate immunity to bacterial
infection. In vivo and in vitro evidence suggests that CD4+ and
CD8+ T cells play a role for immune response to Salmonella
infection13. In addition, recent in vivo evidence suggests a role
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of natural killer (NK) cells14, antibody production by B cells and
complements 15 for early immune response to Salmonella
infection. Therefore, we also examined B and NK cell subsets,
and serum levels of Igs and complements in this study.
Here we report that increased Ȗį+ and DN T cell subsets can
predict bacteremia of SO by FCM.
Material and Methods
Patient population
We experienced eleven children with SO infection as previously
described 3. All patients have been healthy until admission to
Saiseikai Kurihashi Hospital, Saitama, Japan, and none of the
patients had underlying diseases including allergic disease or
received immunosuppressive agents. Bacteremia occurred in five
of eleven patients (45%) infected with SO and other six patients
developed enteritis but no bacteremia. During the same period,
we had seven children infected with NTS other than SO who
developed enteritis but no bacteremia. These eighteen patients
(12 males, 6 females, median age, 6.0 years, range 8 months-15
years) were included in the study. This study has been approved
by Ethical Committee in Department of Pediatrics, Saiseikai
Kurihashi Hospital and written informed consent was obtained
from the parents or guardians of each patient.
Patients were divided into four groups; 1) group A: five
patients (median age, 6.0 years) with bacteremia of SO in whom
bacteria was detected in both blood and stool cultures, 2) group
B: the same patients of group A who had bacteremia but recovered from bacteremia 3 months after the onset of the disease, 3)
group C: six patients (median age, 5.5 years) with enteritis in
whom SO was only detected by stool culture, and 4) group D:
seven patients (median age, 6.0 years) who developed enteritis
due to other Salmonella but no bacteremia. Lymphocyte subpopulations vary with age16-18, however median age at the time
of the study was similar between groups.
Assay for populations of T, NK, and B cells in peripheral blood
by FCM
Peripheral blood mononuclear cells (PBMCs) were obtained
from each patient and isolated using Ficoll-Hypaque®. PBMCs
of each patient were aliquotted to polystyrene tubes and stained
with monoclonal antibodies according to staining panel of subsets

(ten subsets) as shown in table 1. Percentage of each subset was
analyzed by FACScan® with CellQuest3.3® software as previously described19. The data for CD3+, CD3+Įȕ+, CD3+Ȗį+,
CD4+, CD8+, and CD19+ cell subsets, except for increased
variables, are in compatible with the reference values for lymphocyte subpopulations in age-matched healthy children16-18.
Assay for serum levels of immunoglobulins and complements
Serum levels of IgG, IgA, and complements (C3 and CH50)
were measured using laser-nephelometry.
Statistical analysis
Data are expressed as median and interquartile range. Comparisons of the data between groups were made using Mann-Whitney
U-test. Paired data between groups A and B were analyzed
using Wilcoxon matched-pairs signed rank test. A p value less
than 0.05 was considered significant.
Results
There was no difference between groups in the percentages
of total CD3+cell subset among total lymphocytes in peripheral
blood (Table 1). In contrast, the percentage of CD3+Ȗį+ cell
subset in CD3+ cell subset was significantly increased in group
A (p<0.05) as compared to groups B, C and D. However, it did
not differ between groups B, C, and D. Similarly, the percentage
of DN T cell subset in CD3+ cell subset was significantly
increased in group A (p<0.05) as compared to groups B, C and
D. It did not differ between groups B, C and D.
There was no difference between groups in the percentages
of helper T cell (CD4+) in CD3+ cell subset, activated helper T
cell (CD4+HLA-DR+) in CD4+ cell subset, cytotoxic T cell
(CD8+) in CD3+ cell subset, NK cell (CD2+CD56+) subset, and
B cell (CD19+) subset in peripheral blood. No difference was
found between groups in the total lymphocyte count of
peripheral blood. In contrast, the percentage of CD8+HLA-DR+
T cell subset in CD8+ cell subset was increased in group A as
compared to group B and D, but did not differ between group A
and C. The percentage of CD3+Įȕ+ cell subset in CD3+ cell
subset was decreased in group A as compared to groups C, but
there was no difference between groups A, B, and D (table 1).
There was no difference between groups in serum levels of
IgG and IgA as well as complements, C3 and CH50.

Table 1. Percentages of T cell, NK cell, and B cell subsets in peripheral blood of children
with or without bacteremia of Salmonella oranienburg and those with enteritis due to other Salmonella
Variable

Group A (n=5)

Group B (n=5)

Group C (n=6)

Group D (n=7)

T cell
CD3+ cell in total lymphocyte
CD3+Įȕ+ cell in CD3+ subset
CD3+Ȗį+ cell in CD3+ subset

76.0 (6.2)
70.6 (18.2)*
28.7 (17.6)#

73.0 (8.6)
81.2 (6.2)
15.6 (4.2)

66.5 (6.0)
93.9 (13.0)
10.0 (6.8)

67.0 (12.0)
89.3 (4.0)*
10.2 (3.8)

helper T (CD4+) cell in CD3+ subset
HLA-DR+ cell in CD4+ subset
cytotoxic T (CD8+) cell in CD3+ subset
HLA-DR+ cell in CD8+ subset

42.1 (9.2)
8.5 (5.0)
33.3 (9.2)
27.0 (3.8)

54.5 (15.0)
4.3 (1.6)
39.1 (13.2)
7.0 (9.4)**

54.8 (15.6)
4.6 (4.6)
44.3 (12.4)
16.1 (13.0)

60.8 (15.0)
4.6 (2.0)
39.1 (14.6)
7.7 (12.8)**

CD3+CD4-CD8- cell in CD3+ subset

40.4 (24.6)#

19.7 (7.6)

14.9 (12.2)

13.3 (5.8)

NK cell
CD2+CD56+ in total lymphocyte

9.4 (4.8)

5.6 (1.6)

9.6 (4.2)

7.0 (8.6)

B cell
CD19+ in total lymphocyte

11.0 (9.8)

20.0 (11.6)

14.5 (9.0)

18.5 (16.0)

Total lymphocytes (cells/L)

2,856.6 (3,003.9)

3,610.0 (2,899.0)

3,464.6 (4,597.0)

3,220.6 (1,906.0)

Serum
IgG (mg/dl)
IgA (mg/dl)
C3 (mg/dl)
CH50 (U/ml)

1,110.0 (87.5)
180.0 (25.0)
110.0 (10.5)
44.0 (1.3)

967.0 (137.5)
160.0 (35.0)
119.0 (5.5)
40.0 (1.5)

1,100.0 (40.0)
137.0 (12.0)
135.5 (6.0)
47.0 (3.0)

1,000.0 (9.0)
150.0 (15.0)
116.0 (19.0)
44.0 (5.0)

Percentages of lymphocytes and NK cells in total lymphocytes are expressed in % as median (interquartile).
* p<0.05, vs. Group C only, # p<0.05, vs. Groups B, C, and D, ** p<0.05, vs. Group A only.
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Discussion
Mammalian CD3+ T cells can be separated into two subsets
bearing T-cell receptors (TCR), Įȕ and Ȗį chains10. Most Įȕ+ T
cells use Įȕ TCR as antigen recognition10, 11 and Ȗį+ T cells
expressing Ȗį+ TCR recognize a variety of proteins including
pathogen without antigen processing (20). Accumulating
evidence suggests that Įȕ+ and Ȗį+ T cells play a role for innate
immunity to bacterial infection10, 11, 20. However, little information
is available about an alteration of Įȕ+ and Ȗį+ T cells in NTS
infection in humans, in contrast to Ȗį+ T cell expansion in bacteremia of typhoid Salmonella8.
In the present study, the percentage of Ȗį+ T cell subset
increased at early phase of bacteremia of SO, which retuned to
the basal level after recovery of the disease. Our findings have
been supported by previous studies documenting increased
percentage of Ȗį+ T cell subset in children with systemic infection of various strains of Salmonella as compared to those with
enteritis8, 21 although no change in these cells was reported in
septic adult patients with Salmonella infection22. Ȗį+ T cells can
be more activated than Įȕ+ T cells at early stage of Salmonella
infection and expansion of Ȗį+ T cells occurs when cultured
with live Salmonella typhimurium 8. Experimental evidence
suggests that Ȗį+ T cells bind to lipolysaccharides (LPS) through
Toll-like receptors, resulting in production of Th-1 like cytokines,
including interferon-Ȗ (IFN-Ȗ) or tumor necrosis factor-Į
(TNF-Į) (10, 11), and accumulation of Ȗį+ T cells at the site of
infection 23. In fact, Ȗį+ T cells have been shown to express
higher levels of INF-Ȗ in patients with Salmonella infection than
in healthy controls 24. Ȗį+ T cells can activate macrophages,
which allows macrophages to produce proinflammatory cytokines
that are cytotoxic to bacteria11. In addition, in murine model of
Salmonella typhimurium infection, depletion of Ȗį+ T cells can
reduce antimicrobial responses such as production of proinflammatory cytokines and neutrophil influx in the intestinal
mucosa, leading to increased translocation of bacteria to the
liver 25, 26. Our data, along with these in vivo and in vitro data,
suggest a role of CD3+ Ȗį + T cells for innate immunity to
bacteremia of Salmonella, regardless of strains, in children.
In contrast, the percentage of Įȕ+ T cell in CD3+ subset of
group A was decreased as compared to groups C and D but it
did not differ between groups A and B. These findings suggest a
minor value of Įȕ+ T cell subset for detection of bacteremia in
human NTS infection.
DN T cells play a role for regulation of immune responses in
bacterial infection12. However, no information is available about
an alteration of these T cells in human Salmonella infection. We
found increased DN T cell subset in peripheral blood at early
phase of bacteremia due to SO, which returned to the basal level
after recovery of the disease. Similar increase in the DN T cell
subset has been shown in infection with Leishmania major27,
Mycobacterium tuberculosis, and Francisella tularensis9, 28. DN
T cells can be activated after the recognition of bacterial antigen
through the major histocompatibility complex class Ib molecule,
CD1b29. After being activated, DN T cells can proliferate and
regulate immune response by producing Th1 and Th2 type
cytokines that activate macrophages12, 30. In fact, experimental
evidence suggests a protective role of DN T cells in infection due
to Listeria monocytegenes 30 or malaria31. Our data, together with
these in vivo and in vitro data, suggest that DN T cells could
play a protective role for innate immunity to bacteremia of SO

in humans.
Experimental evidence suggests a role of CD4+ and CD8+ T
cells for acquired immunity to Salmonella infection13. However,
we found no difference in the percentage of CD4+ and CD8+ T
cell subsets in PBMCs of patients with or without bacteremia of
Salmonella, suggesting a minor predictive value of these cells
for bacteremia in human Salmonella infection. The percentage
of CD8+HLA-DR+ T cell subset was increased at early phase of
bacteremia in our patients as compared to that during recovery
phase of the disease and to other NTS. However, it did not differ
from that of patients with enteritis due to SO, suggesting a
minor predictive value for early diagnosis of SO bacteremia.
NK cells play a role for innate immunity to Salmonella infection14. Proliferation and maturation of NK cells, promoted by
interleukin-15, can reduce bacterial colonization at intestine and
systemic tissues in Salmonella infection14. Antibody production
by B cells or complement-dependent killing of bacteria15 also
play a role for innate immunity to Salmonella infection. Despite
these experimental data, we found no difference between patients
with or without bacteremia of Salmonella in the percentages of
NK or B cell subset in peripheral blood as well as serum levels
of IgG, IgA, C3 or CH50. Our data suggest a minor predicting
value of these cells, Igs, or complements for bacteremia in
human Salmonella infection.
Leukocytopenia occurs commonly in patients with typhoid
fever32, however, there was no difference in total lymphocytes
count in children with or without bacteremia of SO and those
with enteritis due to other NTS. This suggests total lymphocyte
count has less clinical value for identifying SO bacteremia.
We have analyzed ten subsets of immune cells in PBMCs by
FCM and were able to obtain analyzed data sets within two hours
using 4 ml of whole blood. According to our result, FCM could
distinguish SO bacteremia from SO enteritis prior to obtaining
of blood culture. Though not all hospitals can equip this simplest
flow cytometer comparing to automated blood culture system,
flow cytometer is a powerful tool for investigating immune
system to provide quantified data.
In summary, our study showed increased percentages of both
Ȗį+ and DN T cell subsets in PBMCs at early phase of bacteremia in children infected with SO, which returned to the basal
level after recovery of the disease. These data suggest that both
Ȗį + and DN T cells could contribute to the prevention of
bacteremia in human SO infection and increased population of
Ȗį+ and DN T cell subsets can predict bacteremia of SO in early
phase of the disease by FCM.
Conflicts of interest: None
Acknowledgement
We would like to thank Dr. Y Kamachi for his critical reading
of this manuscript.
References
1) Olsen SJ, Bishop R, Brenner FW, Roels TH, Bean N, Tauxe
RV, Slutsker L. The changing epidemiology of salmonella:
trends in serotypes isolated from humans in the United States,
1987-1997. J Infect Dis. 2001; 183: 753-761.
2) Yang YJ, Huang MC, Wang SM, Wu JJ, Cheng CP, Liu CC.
Analysis of risk factors for bacteremia in children with
nontyphoidal Salmonella gastroenteritis. Eur J Clin Microbiol
Infect Dis. 2002; 21 (4): 290-293.
3) Miyakawa S, Takahashi K, Hattori M, Itoh K, Kurazono T,

14 ADC Letter for Infectious Disease Control Volume 3 (1), January 2016

T cell subsets in bacteremia of Salmonella oranienburg

Amano F. Outbreak of Salmonella oranienburg infection in
Japan. J Environ Biol. 2006; 27: 157-158.
4) Yen YF1, Wang FD, Chiou CS, Chen YY, Lin ML, Chen TL,
Liu CY. Prognostic factors and clinical features of non-typhoid
Salmonella bacteremia in adults. J Chin Med Assoc. 2009; 72:
408-413.
5) Rosanova MT, Paganini H, Bologna R, Lopardo H, Ensinck
G. Risk factors for mortality caused by nontyphoidal
Salmonella sp. in children. Int J Infect Dis. 2002; 6: 187-190.
6) McGowan KL, Foster JA, Coffin SE. Outpatient pediatric
blood cultures: time to positivity. Pediatrics. 2000; 106: 251-255.
7) Lin HW, Hsu HS, Huang YT, Yang CJ, Hsu MS, Liao CH.
Time to positivity in blood cultures of adults with nontyphoidal
Salmonella bacteremia. J Microbiol Immunol Infect. 2014;
00172-00178.
8) Hara T, Mizuno Y, Takaki K, Takada H, Akeda H, Aoki T,
Nagata M, Ueda K, Matsuzaki G, Yoshikai Y. Predominant
activation and expansion of VȖ9-bearing Ȗį T cells in vivo as
well as in vitro in Salmonella infection. J Clin Invest. 1992; 90:
204-210.
9) Pinheiro MB, Antonel li LR, Sathler-Avelar R, Vitelli-Avelar
DM, Spindola-de-Miranda S, Guimaraes TM, Teixeira-Carvalho
A, Martins-Filho OA, Toledo VP. CD4íCD8íĮȕ and Ȗį T cells
display inflammatory and regulatory potentials during human
tuberculosis. PLoS One. 2012; 7: e50923.
10) Beetz S, Wesch D, Marischen L, Welte S, Oberg HH, Kabelitz
D. Innate immune functions of human Ȗį T cells. Immunobiology. 2008; 213: 173-182.
11) Cui Y, Cui L, He W. Unraveling the mystery of Ȗį T cell
recognizing lipid A. Cell Mol Immunol. 2005; 2: 359-364.
12) Chen W, Ford MS, Young KJ, Zhang L. The role and
mechanisms of double negative regulatory T cells in the suppression of immune responses. Cell Mol Immunol. 2004; 1: 328-335.
13) Monack DM, Mueller A, Falkow S. Persistent bacterial
infections: the interface of the pathogen and the host immune
system. Nat Rev Microbiol. 2004; 2: 747-765.
14) Ashkar AA, Reid S, Verdu EF, Zhang K, Coombes BK.
Interleukin-15 and NK1.1+ cells provide innate protection against
acute Salmonella enterica serovar Typhimurium infection in the
gut and in systemic tissues. Infect Immun. 2009; 77: 214-222.
15) MacLennan CA, Gondwe EN, Msefula CL, Kingsley RA,
Thomson NR, White SA, Goodall M, Pickard DJ, Graham SM,
Dougan G, Hart CA, Molyneux ME, Drayson MT. The neglected
role of antibody in protection against bacteremia caused by
nontyphoidal strains of Salmonella in African children. J Clin
Invest. 2008; 118: 1553-1562.
16) Comans-Bitter WM, de Groot R, van den Beemd R, Neijens
HJ, Hop WC, Groeneveld K, Hooijkaas H, van Dongen JJ.
Immunophenotyping of blood lymphocytes in childhood.
Reference values for lymphocyte subpopulations. J Pediatr. 1997;
130: 388-393.
17) Shearer WT, Rosenblatt HM, Gelman RS, Oyomopito R,
Plaeger S, Stiehm ER, Wara DW, Douglas SD, Luzuriaga K,
McFarland EJ, Yogev R, Rathore MH, Levy W, Graham BL,
Spector SA; Pediatric AIDS Clinical Trials Group. Lymphocyte
subsets in healthy children from birth through 18 years of age:
the Pediatric AIDS Clinical Trials Group P1009 study. J Allergy
Clin Immunol. 2003; 112: 973-980.
18) Lin SC, Chou CC, Tsai MJ, Wu KH, Huang MT, Wang LH,
Chiang BL.

Age-related changes in blood lymphocyte subsets of Chinese
children. Pediatr Allergy Immunol. 1998; 9: 215-220.
19) Larsen R, Ryder LP, Svejgaard A, Gniadecki R. Changes in
circulating lymphocyte subpopulations following administration
of the leucocyte function-associated antigen-3 (LFA-3)/IgG1
fusion protein alefacept. Clin Exp Immunol. 2007; 149: 23-30.
20) Chung CS, Watkins L, Funches A, Lomas-Neira J, Cioffi
WG, Ayala A. Deficiency of Ȗį T lymphocytes contributes to
mortality and immunosuppression in sepsis. Am J Physiol
Regul Integr Comp Physiol. 2006; 291: R1338-1343.
21) Ikushima S, Hibi S, Kataoka Y, Fujita N, Imashuku S.
Increase of gamma/delta T cells in a case of typhoid fever. Br J
Haematol. 1993; 83: 177-178.
22) Jason J, Buchanan I, Archibald LK, Nwanyanwu OC, Bell
M, Green TA, Eick A, Han A, Razsi D, Kazembe PN, Dobbie
H, Midathada M, Jarvis WR. Natural T, Ȗį, and NK cells in
mycobacterial, Salmonella, and human immunodeficiency virus
infections. J Infect Dis. 2000; 182: 474-481.
23) Penido C, Vieira-de-Abreu A, Bozza MT, Castro-Faria-Neto
HC, Bozza PT. Role of monocyte chemotactic protein-1/CC
chemokine ligand 2 on Ȗį T lymphocyte trafficking during
inflammation induced by lipopolysaccharide or Mycobacterium
bovis bacille Calmette-Guerin. J Immunol. 2003; 171: 6788-6794.
24) Mizuno Y, Takada H, Nomura A, Jin CH, Hattori H, Ihara
K, Aoki T, Eguchi K, Hara T. Th1 and Th1-inducing cytokines
in Salmonella infection. Clin Exp Immunol. 2003; 131: 111-117.
25) Godinez I, Haneda T, Raffatellu M, George MD, Paixão
TA, Rolán HG, Santos RL, Dandekar S, Tsolis RM, Bäumler
AJ. T cells help to amplify inflammatory responses induced by
Salmonella enterica serotype Typhimurium in the intestinal
mucosa. Infect Immun. 2008; 76: 2008-2017.
26) Godinez I, Raffatellu M, Chu H, Paixão TA, Haneda T,
Santos RL, Bevins CL, Tsolis RM, Bäumler AJ. Interleukin-23
orchestrates mucosal responses to Salmonella enterica serotype
Typhimurium in the intestine. Infect Immun. 2009; 77: 387-398.
27) Mou Z, Liu D, Okwor I, Jia P, Orihara K, Uzonna JE. MHC
class II restricted innate-like double negative T cells contribute
to optimal primary and secondary immunity to Leishmania
major. PLoS Pathog. 2014; 10: e1004396.
28) Cowley SC, Hamilton E, Frelinger JA, Su J, Forman J, Elkins
KL. CD4íCD8í T cells control intracellular bacterial infect ions
both in vitro and in vivo. J Exp Med. 2005; 202: 309-319.
29) Thomssen H, Ivanyi J, Espitia C, Arya A, Londei M.
Human CD4íCD8íĮȕ+ T-cell receptor T cells recognize different
mycobacteria strains in the context of CD1b. Immunology. 1995;
85: 33-40.
30) Kadena T, Matsuzaki G, Fujise S, Kishihara K, Takimoto H,
Sasaki M, Beppu M, Nakamura S, Nomoto K. TCR Įȕ+CD4í
CD8í T cells differentiate extrathymically in an lck-independent
manner and participate in early response against Listeria
monocytogenes infection through interferon-Ȗ production.
Immunology. 1997; 91: 511-519.
31) Pied S, Roland J, Louise A, Voegtle D, Soulard V, Mazier
D, Cazenave PA. Liver CD4í CD8 í NK1.1+ TCR Įȕ intermediate cells increase during experimental malaria infection
and are able to exhibit inhibitory activity against the parasite
liver stage in vitro. J Immunol. 2000; 164: 1463-1469.
32) Pohan HT. Clinical and laboratory manifestations of typhoid
fever at Persahabatan Hospital, Jakarta. Acta Med Indones.
2004; 36: 78-83.

Volume 3 (1), January 2016 ADC Letter for Infectious Disease Control

15

