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Infectious Diseases
(2) Opportunistic Infection, Immunosuppressive Agents, Nosocomial Infection

Yuji HIRAI
Juntendo University Faculty of Medicine Department of General Medicine
Department of Infectious Diseases, Department of Hematology, Tokyo Women’s Medical University

Department of Internal Medicine, Tokyo Metropolitan Health and Medical Treatment Corporation,
Tama-Hokubu Medical Center

‘Tmmunosuppression’, which is caused by a complex relationship between a host and its specific pathogen, is
a medical emergency. The causes of cellular immunodeficiency include age, malnutrition, overwork, underlying
disease (ie. cancer and hemodialysis), steroids, immunosuppressive agents, and biological agents. Of note, Pneumo-
cystis jiroveci pneumonia (PCP) and tuberculosis (T'B) are important infections among patients with cellular immu-
nodeficiency and in the case of the latter, care should be taken to distinguish active disease from Mycobacterium
tuberculosis infection. Febrile neutropenia (FN) following chemotherapy, with or without radiotherapy, is a clinical
emergency in internal medicine. However, incidences of FN vary according to the cancer type and chemothera-
peutic regimen. Important components of immunodeficiency include splenic status, and whether the skin or mu-
cous barriers have been breached. Clinicians should be aware of which arm of the immune system is suppressed
(cellular, humoral, neutropenia, etc.) and of the potential pathogens according to the specific immunodeficiency.
The physical symptoms of specific infections among patients with immunosuppression may be difficult to discern
due to their clinical manifestation. Clinical image findings and results of blood tests, including those for testing se-
rum inflammatory markers, may not reflect the actual severity of their condition. Thus, evaluating vital and
physical sign (i.e. anal, GI-tract, eye, oral, skin, sinus) are diagnostic cues. Clinical assessments such as blood cul-
tures should be encouraged. Most admitted patients present with many components of immunodeficiency. The
five most common nosocomial infection are pneumonia, surgical site infection, Clostridium difficile colitis, urinary
tract infections, and blood stream infections. To determine the presence and identity of a blood-borne pathogen it
is necessary to take a minimum of two blood samples via direct puncture for culture. In summary, the following
steps are required to make a diagnosis of infectious disease in immunosuppressed patients: (1) evaluate the under-
lying disease and type of immunosuppression, (2) determine the infected organ, and (3) identify the causative
pathogen and infected organ should be identified according to the type of immunosuppression.

Key Words: opportunistic infection, immunosuppression, nosocomial infection, blood culture, tuberculosis
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Table 1 Cause of immunodeficiency and important pathogen

Bacteria Fungi Virus Others Cause
Neutropenia P. aeruginosa Candida spp. HSV Cancer chemotherapy,
Enterobacteriaceae  Aspergillus radiotherapy, steroids
S. aureus, CNS Spp.
Streptococcus spp.
Cellular immunodeficiency Listeria monocyto-  Candida spp. CMV Toxoplasma Steroids, cancer chemo-
genes Cryptococcus  HSV Cryptosporidium ﬂlleéa’%yngugar’fl?mper’ine
Legionella spp. SDD. Cladribime), azatiio| y
87 b ’,Jp PP A Cyclospora cyclophosphamide, Myco-
Mycobacteria Pneumocystis  Regpiratory Microsporidium  phenolate mofetil, tacroli-
Nocardia spp. Jirovect viruses mus, lymphoma, ATG,
Salmonella spp. Aspergillus Influenza S , MoAb (ex. Rituximab),
. trongyloides
SPD- Parainfluenza &y HSCT
Endemic EBV
fungi
& HHV-6, 7
Humoral Dysfunction of  S. pneumoniae Giardia Multiple myeloma, CLL,
immuno- spleen H. influenzae splenectomy, splenic
deficiency ——— o dysfunction, radiotherapy
Dysfunction of ~ N. meningitidis
compliments

and globulin

CNS, coagulase-negative staphylococci; ATG, anti-thymocyte globulin; MoAb, monoclonal antibody; HSCT, hematopoietic stem cell
transplant. (Modified from reference 1)



Table 2 Reported serious infections with biologics by etiologic agent

Therapeutic agent associ-

Etiologic agent or disease ated with serious infection

Therapeutic agent associ-

Etiologic agent or disease - : . .
8ic ag ated with serious infection

Adalimumab
Infliximab
Certolizumab pegol
Etanercept
Abatacept
Anakinra
Rilonacept
Efalizumab
Alefacept
Alemtuzamab

DY -ibritumomab tiuxetan
Rituximab

BT tositumomab
Gemtuzumab ozogamicin
Bevacizumab
Cetuximab
Panitumumab
Trastuzumab
Basiliximab
Daclizumab
Muromonab
Abciximab
Natalizumab
Palivizumab
Adalimumab
Infliximab
Certolizumab pegol
Etanercept
Abatacept
Anakinra
Efalizumab
Alemtuzamab
Daclizumab

Mycobacterium species other
than M. tuberculosis

Bacteria

M. tuberculosis (TB)

Infliximab
Etanercept
Certolizumab pegol
Anakinra
Rilonacept
Alefacept
Alemtuzamab
Daclizumab
Muromonab
Natalizumab
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FAMRBERZOVDEDTH D) BRIEICHES T 598
FRTFTH5H. T, BBELZIILD LT LHEE
REAZAE D SeEHHIF OFEHAPLBEROEERTHY S

Adalimumab

Infliximab

Certolizumab pegol
Etanercept

Abatacept

Alefacept

Alemtuzamab
0Y-ibritumomab tiuxetan
Rituximab
BBIT.tositumomab
Gemtuzumab ozogamicin
Basiliximab

Daclizumab

Muromonab
Natalizumab

Progressive Multifocal Leuko-
encephalopathy (PML)

Viruses

Alemtuzamab
Rituximab
Natalizumab
Adalimumab
Infliximab
Etanercept
Abatacept
Anakinra
Alemtuzamab
Bevacizumab
Basiliximab
Daclizumab
Muromonab
Natalizumab
Adalimumab
Infliximab
Etanercept
Anakinra
Alemtuzamab
Basiliximab
Muromonab
Natalizumab

Parasites

(Modified from reference 2)
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Table 3 Excerpt summary of FDA-approved monoclonal antibodies and selected small molecules and their risks of in-

fection
Drug name Target Indication Serious infections
Adalimumab, Infliximab, TNF-o RA, JRA, Pneumonia, sepsis, TB, mycobacterium infection, listeriosis, his-
Certolizumab pegol, Etanercept AS, PA, PP, toplasmosis, candidiasis, aspergillosis, cryptococcosis, salmonel-
CD, UC losis, toxoplasmosis, brucellosis, bartonellosis, leishmaniasis,
coccidiomycoses, leprosy, CMV, VZV infection, HBV reactiva-
tion
Abatacept T-cellco- RA, JRA Pneumonia, sepsis, aspergillosis, sinusitis, candidiasis, bronchi-
stimulation tis, skin and soft tissue infections, viral infections with HSV
inhibitor and VZV
Anakinra, Rilonacept 1L-1 RA Pneumonia, cellulitis, TB, mycobacterial and fungal infections
Efalizumab CDlla PP Pneumonia, cellulitis, abscess, sepsis, Legionella pneumonia,
necrotizing fasciitis, TB, PML
Alefacept Inhibits PP Cellulitis, abscess, wound infections, toxic shock, pneumonia,
Tecell appendicitis, cholecystitis, gastroenteritis, MOTT infection, in-
. fluenza virus, HCV, and herpesvirus infections
Activation
Alemtuzamab CD52 CLL, TPL, Overwhelming bacteremia, pneumonia, meningitis, CMV, VZV,
NHL and HSV infections, PCP, PML, adenovirus infection, acanth-
amebiasis, toxoplasmosis, histoplasmosis, cryptococcosis, asper-
gillosis, Fusarium infection, Scedosporium infection, BK virus
infection, HHV-6 infection, candidiasis, parvovirus infection,
mucormycosis, TB, Balamuthia mandrillaris infection, MOTT in-
fection, BCGosis, Rhodococcus infection, HBV reactivation
NY.ibritumomab tiuxetan, CD20 NHL, RA Pneumonia, sepsis, cellulitis, colitis, diarrhea, empyema, osteo-
BITtositumomab, Rituximab myelitis, pericarditis, viral pneumonia and viral hepatitis
Gemtuzumab CD33 AML Sepsis, pneumonia, HSV infection, usual opportunistic infec-
tions with neutropenia, unusual pathogens include Staphylo-
coccus hominis, Agrobacterium radiobacter, Acinetobacter
Iwoffii, Rhodococcus, and Pantoea agglomerans
Bevacizumab VEGF CRCa, Sepsis, anaerobic liver abscess with Bacteroides fragilis, Fusar-
NSCLCa, ium nasal septal infection, endophthalmitis, intraocular injec-
BrCa tion including Bacillus cereus and coagulase-negative Staphylo-
coccus
Cetuximab, Panitumumab ErbB1 CRCs, Paronychia caused by Staphylococcus aureus, abscess, sepsis
HNCa,
CRCa
Trastuzumab HER2 BrCa Febrile neutropenia
Basiliximab, Daclizumab CD25 Renal Febrile neutropenia, Nocardiosis, legionellosis, MOTT infection,
transplant TB, viral infection with CMV, BK virus, adenovirus, HSV, RSV,
rejection or influenza virus, fungal infections with Aspergillus, Scedo-
prophylaxis sporium
Muromonab CD3 Solid organ Bacterial infections, including Listeria, Nocardia, and MOTT
transplant infections; infections with Aspergillus, Candida, Cryptococcus,
rejection or dermatophytes, PCP; infections with Toxoplasma gondii,
CMYV, EBV, HSV, hepatitis viruses, VZV, adenovirus, enterovi-
rus, RSV, and parainfluenza virus
Abciximab GPIIb/IIa Adjunct for Pneumonia
PCI
Natalizumab o4-Integrin MS, CD PML, herpesvirus infections, influenza, Cryptosporidium diar-

rhea, bacterial pneumonias and UTIs, PCP, Mycobacterium
avium-intracellulare infection, Aspergillus and Burkholderia
cepacia infections

TNF-e, tumor necrosis factor alpha; RA, rheumatoid arthritis; JRA, juvenile rheumatoid arthritis; AS, ankylosing spondylitis; PA,
psoriatic arthritis; PP, plaque psoriasis; CD, Crohn’s disease; CMV, cytomegalovirus; UC, ulcerative colitis; MOTT, Mycobacterium
species other than M. tuberculosis; HBV, hepatitis B virus; IL-1, interleukin-1; HSV, herpes simplex virus; VZV, varicella zoster vi-
rus; CAPS, cryopyrin-associated periodic syndrome; PML, progressive multifocal leukoencephalopathy; HCV, hepatitis C virus; CLL,
B-cell chronic lymphocytic leukemia; TPL, T-cell prolymphocytic leukemia; NHL, non-Hodgkin’s lymphoma; PCP, Pneumocystis jir-
ovecii pneumonia; AML, acute myelogenous leukemia; VEGF, vascular endothelial growth factor; CRCa, colorectal cancer; NSCLCa,
non-small-cell lung cancer; BrCa, breast cancer; HNCa, head-and-neck cancer; RSV, respiratory syncytial virus; EBV, Epstein-Barr
virus; PCI, percutaneous coronary intervention; MS, multiple sclerosis. (Modified from reference 2)



Table 4 Taking history/physical evaluation for immunosuppressed patients

Taking history and information

Infectious diseases, causable pathogen

Cause, symptoms, diagnostic cue

Medical device

Skin, Mucous, Eyes

Pulmonary, Respiratory tract
Cardiology

Intestinal tract

Urinary/Genital tracts

Bone and joints

Past history of severe infectious
diseases

Family history, Exposure to
communicable diseases

Lifestyle, Behavior, Travel
history

Food consumption

CLABSI, PLABSL, HAP/VAP, CAUTI

Disseminated VZV infection, Measles,
Rubella, Erythema infectiosum, HSV, SSI,
oral candidiasis, IE, skin nocardiosis, CMV
retinitis (HIV)

CAP, pulmonary TB, PCP, HAP/VAP,
Cryptococcus pneumonia, IPA

IE, infective pericarditis, TB pericarditis

CDI], perianal abscess, perianal herpes, TB
enterocolitis, ameba, CMV colitis, etc.

Urinary tract infection, prostatitis, renal
tuberculosis, gonorrhea, chlamydial urethri-
tis, genital herpes

Osteomyelitis, septic arthritis, purulent
spondylitis, pseudo goat

Tuberculosis, infective endocarditis, osteo-
myelitis

Influenza, Measles, Rubella, Erythema infec-
tiosum, HSV, VZV, Mycoplasma infection,
Pertussis, RS-virus infection

Aeromonas spp, Vibrio spp, Edwardsiella
spp, Pseudomonas spp., Dengue fever,
Malaria, Typhoid fever, Aspergillus infec-
tion, Cryptococcosis, Histoplasmosis, etc.
Campylobacter, Salmonella, Vibrio, Yersinia,
Listeria infection, traveler’s diarrhea,
calicivirus (ex. norovirus)

Exist of medical device, duration, complication,
indication

Cellular immunodeficiency, sick contact, time
from operation, sexual intercourse, suspicious
of IVDU, visual disturbance, pain of eye

Respiratory rate, general symptoms (fatigue,
fever, appetite loss), duration of symptoms
HF, arrhythmia, adopt for modified Duke
criteria (IE)

Abdominal pain, diarrhea, nausea/vomit,
abdominal lymphadenopathy, colono-scopic
evaluation

Pollakiuria, painful urination, CVA tenderness,
abdominal pain, diarrhea, sexual intercourse,
medical device (ex. Urinary catheter)

Arthralgia, percussion tenderness

History taking

Sick contact, vaccination history

Occupation, exposure of water or soil, insect/
animal bite, pet (traditional/non-traditional),
travel history (travel area, activities, etc.)

Raw food (fish, shellfish, meat), cold meats,
unpasteurized cheese/milk, delicatessen

CLABS]I, central line associated blood stream infection; PLABSI, peripheral line associated blood stream infection; HAP/V AP, hospi-
tal-acquired/ventilator-associated pneumonia; CAUTI, catheter associated urinary tract infection; VZV, varicella-zoster-virus; IVDU,
intravenous drug user; HSV, herpes simplex virus; SSI, surgical site infection; IE, infective endocarditis; CMV, cytomegalovirus; TB,
tuberculosis; PCP, Pneumocystis pneumonia; IPA, invasive pulmonary aspergilosis; CDI, clostridium difficile infection; HF, heart fail-

ure.
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Table 5 Multinational Association for Supportive Care in Cancer
Risk-Index Score; MASCC score

Characteristic Weight
-Burden of febrile neutropenia with no symptoms 5
-Burden of febrile neutropenia with mild symptoms 5
-Burden of febrile neutropenia with moderate symptoms 3

No hypotension (systolic blood pressure >90 mmHg) 5

No chronic obstructive pulmonary diseases (COPD) 4

Solid tumor 4

Or hematologic malignancy with no previous fungal infection

No dehydration requiring parenteral fluids 3

Outpatient status 3

Age<60 years 2

High-Risk patients, MASCC score<21. (Modified from reference 3)
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Table 6 Distribution of 504 health care-associated infections

Percentage of all health care-

Type of infection Rank No. of infections associated infections (95% CI)
Pneumonia 1 (tie) 110 21.8 (18.4-25.6)
Surgical-site infection 1 (tie) 110 21.8 (18.4-25.6)
Gastrointestinal infection 3 86 17.1 (14.0-20.5)
Urinary tract infection 4 65 129 (10.2-16.0)
Primary blood stream infection 5 50 99 (75-12.8)
Eye, ear, nose, throat, or mouth infection 6 28 56 (3.8-7.8)
Lower respiratory infection 7 20 4.0 (256.0)
Skin and soft tissue infection 8 16 3.2 (1.9-5.0)
Cardiovascular system infection 9 6 1.2 (04-2.2)
Bone and joint infection 10 5 1.0 (04-2.2)
Central nervous system infection 11 4 0.8 (0.3-1.9)
Reproductive tract infection 12 3 0.6 (0.2-1.6)
Systemic infection 13 1 0.2 (0.01-1.0)

(Adopted from reference 4)

Table 7 Associated mortality in episodes of bacteremia and fungemia, as related to appropriate-
ness of antimicrobial therapy at different time points septicemia

Initial empirical After culture After susceptibility Associated mortality (%): no. Risk Ratio
therapy reported positive results available of deaths per no. of patients (RR)
A A A 105% 1.0
I A A 13.3% 127
A I A 20.0% 191
A A I 20.0% 191
I I A 25.6% 2.46
A I I 28.6% 273
I I I 33.3% 318

* A, appropriate; I, inappropriate. (Modified from reference 5)
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Table 8 Most common pathogens iso-
lated from bloodstream infections

Pathogen %

Coagulase Negative Staphylococci 37
Staphylococcus aureus (MRSA, MSSA) 23
Enterococcus species 13
Gram-Negative Rods 14
E. coli 2
Enterobacter species 5
P. aeruginosa 4
K. pneumoniae 3
Candida species 8

(Modified from reference 6)

Suspect of

JBRGE R 7 7 — 7 v R SR IR B E O S 50 BE %Ik
DLz LEINEFTIEDEHESNTNE, T4b
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FTUVEFREZFo TWah Z &2k 5 kv,
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BT — FIVEEE I R RE

B 7 — 7 VBRI RREE L, RENREANT
BT L REDOESVERSMEEETH L. T —
FOVELEMTRERE TIE, K5 A B L rh
koA v BEAETTHE EUE) IEPZNWI L
MWRENTEY, KWIFA VHEDO N 7 — 7 VELE
MR ESSE TR0  NRBESIREBRTH L. BT
BWTIRHASOREREZED B DEE/RD 10~
20%RELOMEDDH Y, RAFIZEFE 2D LW
CERBERICH T — 7 IVERE M EGE I3 EE T &
v, FIABBRATICERSCERE RO NE, B2
HT—TVEEBRREEL LToMNE 2ty bol
W - h T — T IV E - h T — T VRS -
empiric PR HERG) 2 BB T A2 EETH A, MK
FEAEAGRE L IRERSE, EY AR e 24T 72
BELHBRLEKRTI2HOF v ATHTICHES T
% (Table 7).
BEOHEEOBWIT /I —ERET FYEEORH
90 %ixAF ) Vil ERT FYIREOH 60 %

7

Central/Peripheral Line Associated Blood Stream Infection

= 2 sets of blood culture

(direct puncture & drawn from catheter)

Remove catheter and catheter tip culture

Empiric therapy; intravenous VCM ( plevalence
of MRSA isolates with VCM MIC <2 mg/mL} under TDM*
* Targeted trough level of VCM; 15-20 ug/mlL

Empirical coverage for gram-negative bacilli {20% of causabie pathogen} according to
severity of patient; Anti-pseudomonas beta-lactams {ex. CFPM, PIPC/TAZ, etc.)
with/without aminoglycosides{ex. AMK} , antifungal agent based on local antibiogram and
diseases severity and history of antimicrobial or antifungal exposure.

Fig. 1 At a glance; initial management of central/peripheral line associated blood stream

infection

Based on recommendation from IDSA guideline. (Modified from reference 7)



Short-term CVC or arterial
chatheter (AC) infection related
blocdstream infection

Complicated

Supprative
thrombophle
bitis,
endocarditis
or
osteomyelitis,
etc.

Coagulase-
negative
staphylococci

Remove
catheter &
treat with

systemic
antibiotic

for 4-6
weeks, 6-8
weeks for

osteomyeliti
s in adults

Remove
catheter &
treat with

systemic

antibiotic for

5-7 days o

S. aureus ;
|

Remove
catheter &
treat with

systemic
antibiotic

for 214

Uncomplicated (bloodstream infection
and fever resolves within 72 hours in a
patient who has no intravascular
hardware and no evidence of
endocarditis or suppurative
thrombophleblitis )

Gram-
negative
bacilli

Enterococc
us

Candida sp.

Remove
catheter &
treat with
antifungal
therapy for

14 days

after the

first
negative
blood
culture

Remove
catheter &
treat with

systemic
antibiotic

for 7-14

days

Remove
catheter &
treat with

systemic
antibiotic

for 7-14

days

Fig. 2 Management of catheter related blood stream infection (Modified from reference 7)
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THY), AREEZEE L2257 ax7TF FRHR
WE Nvaxg vy, 74a75=) pNRRE
NTnRVOIEFGLAMBEE VR 5. EEEHFEE
ENSEDAUHE (B ONEE, BBE, iR
FHEs R L) OFHIiR, REREIZIS U2 —BIRE
O de-escalation, @Y GEHEMHE TOWHELZITH
VENDH 5 (Fig. 2)". FIZHEB T K7 IRE (MRSA,
MSSA) ZHREKREOEENHE TH % 2 8 D i6H
BIMIRENTDH Y, IRERLMAREFIRAE 2 & O
A 4 E UL E OB & Z3 5 BERE TR
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YSENFEDON BRI B VT, FEFTRE 0 7%
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