
main diagnostic methods used were bacterial culture (46%) 
and PCR (45%). However, 12% of respondents indicated 
that they had changed the type of diagnostic test they used 
beginning in 2012; among these respondents, 33% were 
more likely to use pertussis culture and 63% were more 
likely to use PCR or to use culture and PCR. Of total re-
spondents, 22% indicated that they ordered diagnostic tests 
more frequently since the beginning of 2012.

Our investigation has limitations. We could not deter-
mine a survey response rate because of extensive overlap of 
the email lists used, and we lacked access to the lists; the 
response rate is assumed to be very low. Respondents includ-
ed in the analysis may not have been representative of the 
broader NYC provider community. In addition, respondents 
may not have uniformly interpreted the survey because of the 
subjective nature of some survey questions, and recall bias 
may have affected responses. Also, respondent awareness of 
the outbreak is likely overestimated because the email lists 
used for survey distribution were used during the outbreak to 
distribute health alerts. Despite these limitations, our inves-
tigation shows the value of Web-based surveys distributed 
by email to gather information rapidly from a large provider 
community in a cost-effective and practical manner.

This investigation indicates the importance of provid-
er knowledge and practices for public health surveillance 
data. High awareness of an outbreak, increased clinical 
suspicion of pertussis, and increased frequency of diag-
nostic testing likely contributed to a sustained elevation 
in pertussis incidence. Advisory alerts and media reports 
were successful mechanisms for disseminating information 
to providers during the outbreak and likely altered pro-
vider behaviors that contributed to the increase in reported 
pertussis incidence. Previous reports have documented 
increased submission of disease notifications after media 
coverage of health concerns (4,5). Responses to our survey 
also highlight how pertussis incidence may be routinely un-
derestimated because providers do not suspect the disease 
or test for it consistently.

This work was supported in part by an appointment to the  
Applied Epidemiology Fellowship Program administered by the 
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the Centers for Disease Control and Prevention (Cooperative 
Agreement 5U38HM000414-5).
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To the Editor: Progressive disseminated histoplasmo-
sis (PDH) of infancy occurs most commonly in previously 
healthy infants <1 year of age, typically after exposure to a 
large fungal inoculum (1). Even with treatment, the disease 
is fatal in ≈13% of cases (1). Common symptoms include 
fever, hepatosplenomegaly, lymphadenopathy, and failure 
to thrive. Laboratory abnormalities frequently include cy-
topenia and coagulopathy (1,2). Many clinical manifesta-
tions of PDH overlap with those of the hyperinflammatory 
condition hemophagocytic lymphohistiocytosis (HLH), 
and co-existence of HLH and histoplasmosis has been re-
ported in adults. We report a case of simultaneous PDH and 
HLH in an infant.

A 6-month-old African American girl was brought for 
treatment to St. Jude Children’s Research Hospital in April 
2015 with a 1-month history of daily fever. Her history was 
notable only for a methicillin-resistant Staphylococcus au-
reus skin abscess diagnosed when she was 5 months old; it 
was drained, and she received oral clindamycin.

On initial evaluation, she had fever, lethargy, and hepa-
tosplenomegaly. Laboratory testing showed pancytopenia 
and mild hepatitis, and abdominal ultrasound confirmed 
hepatosplenomegaly. After admission, respiratory distress 
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developed due to worsening hepatosplenomegaly. Addition-
al laboratory testing revealed elevated ferritin (1,218 ng/mL; 
reference 10–100 ng/mL), low fibrinogen level (78 mg/dL; 
reference 185–443 mg/dL), elevated triglycerides (378 mg/
dL; reference 0–149 mg/dL) and elevated soluble interleu-
kin-2 receptor (21,530 pg/mL; reference <1,033 pg/mL). An 
HIV serologic test result was negative. Histologic examina-
tion of bone marrow showed many activated macrophages, 
including some with hemophagocytosis (online Technical 
Appendix, http://wwwnc.cdc.gov/EID/article/22/6/15-1682.
Techapp1.pdf). On the basis of clinical and laboratory find-
ings, the patient received a diagnosis of HLH, and treatment 
was initiated with etoposide and dexamethasone.

Further evaluation of the bone marrow sample demon-
strated fungal elements characteristic of Histoplasma cap-
sulatum (online Technical Appendix). Histoplasma antigen 
assays on serum and urine samples were positive for H. cap-
sulatum above the limit of quantification. Histoplasma com-
plement-fixation antibody titers for both yeast and mycelial 
antigens were negative, but immunodiffusion antibody tests 
for H and M bands were positive. Cerebrospinal fluid was 
also positive for Histoplasma antigen. Results of magnetic 
resonance imaging of the patient’s brain were normal for age.

Because the patient’s condition met diagnostic criteria 
for both HLH and PDH, she was given etoposide, dexameth-
asone, and liposomal amphotericin B (LAmB), according to 
treatment guidelines for both conditions (3,4). Supportive 
care included transfusion of packed red blood cells, platelets, 
cryoprecipitate, and fresh frozen plasma. Her fever resolved 
after 10 days, and other symptoms resolved after 2 weeks. 
After 16 days of hospitalization, she was discharged to com-
plete a 6-week course of LAmB with a plan to transition to 
oral itraconazole and complete 1 year of therapy, according to 
guidelines of the Infectious Diseases Society of America (4).

HLH is a rare disease, characterized by impaired func-
tion of natural killer and cytotoxic T-lymphocytes that re-
sults in an unchecked inflammatory response. If not treated 
promptly, HLH can progress rapidly to multiorgan failure 
and death (3). HLH is categorized into familial or second-
ary forms. Familial HLH is caused by mutations in >1 of 
the genes required for perforin-dependent lymphocyte cy-
totoxicity; secondary HLH occurs in a person who does not 
have genetic risk factors (3). Both forms can be triggered 
by infection or malignancy (3).

Diagnosis of HLH is based on clinical assessment 
(Table); no definitive diagnostic test exists (6). Initial 
treatment of HLH involves the use of corticosteroids, 
etoposide, or other drugs to block the hyperinflammatory 
response and specific therapy for the inciting infection if 
available (7). In some cases, in which a treatable inciting 
infection is identified, antimicrobial drug therapy alone 
might be sufficient. However, concurrent immunosup-
pressive therapy is usually recommended, especially for 

patients who are critically ill or whose condition is clini-
cally deteriorating (3).

Many clinical manifestations of disseminated histoplas-
mosis, including prolonged fever, hepatosplenomegaly, pan-
cytopenia, and coagulopathy, overlap with those of HLH. Be-
cause of the similarity in manifestations, differentiating these 
2 conditions is challenging without specialized testing. Fur-
thermore, laboratory tests specific for HLH, such as measur-
ing soluble interleukin-2 receptor, have not been investigated 
in patients with isolated PDH, so whether they distinguish 
between the 2 conditions is unclear. To add further complex-
ity, coexisting histoplasmosis and HLH has been described 
in several adult patients (5, 8–10). However, whether HLH 
identification and adjunctive immunosuppressive therapy 
leads to improved outcomes in this situation is unknown.

On the basis of our investigation of this infant with 
HLH and PDH, we recommend that all infants exhibit-
ing HLH in Histoplasma-endemic regions be assessed for 
histoplasmosis. In addition, the similarity with the clinical 
features of PDH and the difficulty in diagnosis of HLH 
without specialized testing raise the question of whether 
a large number of infants with PDH would also meet the 
diagnostic criteria for HLH. If so, currently poor outcomes 
of PDH might be related to co-existing HLH with failure to 
control the inflammatory response, and the outcomes could 
be improved by diagnosis and simultaneous treatment of 
both conditions. Further research is needed to investigate 
this phenomenon.
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Table. Diagnostic criteria for HLH* 

Criterion HLH reference 
Patient in this 

report  
Fever ≥38.5°C 40°C† 
Splenomegaly Present Present† 
Cytopenia, 2 of 3 lineages   
 ANC, cells/mm3 <1,000 1,500 
 Hemoglobin, g/dL <9 5.9† 
 Platelet count,  103/μL <100 11† 
Low fibrinogen, mg/dL <150 78† 

or   
High triglycerides, mg/dL >265 fasting 378† 
Hemophagocytosis Present Present† 
NK cell activity Low or absent Normal 
Elevated ferritin, ng/mL >500 317 (max 1,218)† 
Soluble IL-2 receptor, pg/mL >2,400 21,530† 
*ANC, absolute neutrophil count; HLH, hemophagocytic 
lymphohistiocytosis; IL-2, interleukin-2; NK, natural killer.  
†Criteria met by this patient. The HLH-2004 diagnostic criteria require 
either a molecular/genetic diagnosis consistent with HLH or fulfillment of 5 
of the 8 criteria shown. Adapted from (5). 
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To the Editor: Novel highly pathogenic avian influenza 
(HPAI) A(H5N8) virus infections were first detected in poul-
try in eastern China in 2010 (1); the virus caused outbreaks in 
South Korea and Japan in 2014 (2) and reached Europe and 
North America by early 2015 (3–6). Phylogenetic analysis 
indicated that novel HPAI subtype H5N8 viruses might have 
originated in China and then circulated in East Asia countries 
and that the global geographic dissemination of this virus was 
strongly associated with the migration of wild birds (7). How-
ever, the role of migratory birds in the initial introduction and 
spread of novel H5N8 strains in China and other countries in 
the region is unclear. Shanghai, located at the Yangtze River 
estuary on the eastern coast of China, is a crucial stopover 
for migratory birds in East Asia. We report the presence of 
novel H5N8 strains from migratory birds sampled in Shang-
hai from October 2013 through December 2014.

A total of 26 novel H5N8 viruses were detected from 
migratory ducks and curlews captured and swabbed during 
their wintering period at the coastal wetlands of Shanghai. 
We collected 19 H5N8 viruses from 16 common teals (Anas 
crecca), 2 falcated ducks (A. falcata), and 1 spot-billed duck 
(A. poecilorhyncha) sampled in 2013 and 7 viruses from 
Eurasian curlews (Numenius arquata) sampled in 2014. 
Common teals were also found to be infected with subtype 
H5N1, detected by N1 gene fragments in 3 mixed-infec-
tion and 2 single-infection samples (online Technical Ap-
pendix, http://wwwnc.cdc.gov/EID/article/22/6/15-1754-
Techapp1.pdf). Sequences from this study were deposited 
in GenBank (accession nos. KT936635–KT936716).

Homology BLAST (http://blast.st-va.ncbi.nlm.nih.
gov/Blast.cgi) searches showed that H5 and N8 genes of 
18 influenza A(H5N8) viruses in ducks had >98% similar-
ity to H5N8 isolates W24 and 6D18 detected in poultry 
in Zhejiang Province (2), adjacent to Shanghai. The H5 
gene in A/common teal/Shanghai/1108–1/2013(mixed) 
(PD1108-1) was 96% related to low pathogenicity avian 
influenza (LPAI) subtype H5N1 isolated from a European 
teal sampled in Russia in 2011 (GenBank accession no. 
KF462362). Of the 7 viruses from curlews, H5 and N8 iso-
lates were closely related to isolates H68 and H297 from 
wild ducks reported in South Korea in early 2014 (8). Ma-
trix genes of all novel subtype H5N8 viruses were closely 
related (95%–99%) to isolates from China (S11090, W24), 
Japan (156), and South Korea (Gochang1, S005) (online 
Technical Appendix Table).
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Technical Appendix Figure. Wright-Giemsa stain of the bone marrow biopsy specimen of a 6-month-old 

girl with hemophagocytic lymphohistiocytosis and progressive disseminated histoplasmosis. Imprints 

show cytoplasm-rich (activated) macrophages with hemophagocytosis (black arrow) and intracellular 

organisms (white arrow). Original magnification 100. A color version of this figure is available online 

(http://wwwnc.cdc.gov/EID/article/22/6/15-1682-F1.htm). 
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